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EXECUTIVE S-Y 

A million pounds of dormant spray active ingredients are applied annually in the Centraf Valley 

on half a million acres of stonefruit and almond orchards in January and February. Diazinon 

accounts for about half the use. Toxic concentrations of diazinon were measured in the 

San Joaquin and in the Sacramento River in February 1993 after the three largest storms of the 

month (Kuivila and Foe, 1995)'. Diazinon was traced as farseaward in the Sacramento-San 

Joaquin DeltalEstuary as the City of Martinez Diqnon-caused toxicity was observed 60 miles 

downstream of Sacramento. Studies have not been conducted iln the Sacramento River 'watershed 

to determine the source of the diazinon. . .  

These findings are of regulatory significance as the Central Valley Regional Water Quality 

Control Board's (CVRWQCB) Basin Plan contains a narrative toxicity objective stating that "all 

waters shall be maintained free of toxic substances in. concentrations that produce detrimental 

physiological responses . . . in aquatic life." Related to this toxicity water quality objective, the 

Sacramento River and Sacramento-San Joaquin Delta-Estuary were placed on the Clean Water 

Act's 303(d) list by the CVRWQCB as impaired water bodies because of detecting toxic 

concentrations of diazinon in addition to other toxic chemicals, including chloipyrifos. 

Enyme linked immunosorbent assays (ELISA) are a recently developed procedure that utilizes 

antibodies to measure concentrations of chemicals. An antibody has been developed specifically 

for diazinon. The procedure is appealing because it has a low detection limit and may be 

completed within hours facilitating real-time follow-up studies. Traditionally, State of California 

agencies have employed a capillary gas chromatograpWion trap mass spectrometer (GCMS) to 

quantify chemical concentrations. GCNS is time consuming and analytical data are often not 

available for several weeks. The accuracy and of the ELISA procedure on surface 

water samples has not been assessed. 

I Water samples collected in the Sacramento River at the City of Sacramento during one norm caused complete Ceriodaphnia mortality using 

the U.S. EPA three species bioassay procedure, Diazinon was assumed to be the primary cause of mortality. 



Objectives of this study were threefold: ((1) monitor diazinon concenfrations in the Sacramento ' 

River after three rainstorms in lanuarykebruary 1994 to ascertain whether insecticide pulses 

were present, (2) if pukes were observed, then determine the geographic sources of the 

insecticide, and (3) compare the accuracy and precision of ELISA and GC/MS methods to 

determine the utility of the ELISA procedure for analyzing surface water samples . 

Water year 1994 was critically $ry. As in February 1993 (Kuivila and Foe, 1995), flow and 
I 

diazinon concentrations increased in the Sacramento River at Sacramento in JanuarylFebruary '. 
1994 after the three largest rain storms. Peak diazinon concentrations were 236,253, and 

5 1 ngL. Eighty-five miles upstream at the City of Colusa, flow and pesticide concentration also 

increased after each storm. Maximum diazinon concentrations were 88,200, and 105 ngL. The 

primary source of the diazinon at the City of Sacramento during the first storm was from the 

Feather River drainage. Important sources to the Feather River were Jack Slough and the 

Bear River. The primary sources of diadnon in the Sacramento River at sacramento during the 

second and third storms were the upper Sacramento Basin above Colusa and from the 

Sacramento Slough drainage. The principle sources of diazinon in the ubper Sacramento River 

were not defmed, but appeared to be located in the area between Bend and Vina Important 
I 

sources of diazinon in Sacramento Slough were the Main Drain inputs,  adsw worth Canal, and 

the Department of Water Resources (DWR) pumping stations at Obanion and Sacramento 
I 

Avenue. I )  

Comparison of instream diazinon concentrations wi16 the California ~ebdrtment of Fish and 

Game's (DFG) recommended water criteria for protection of aquatic life demonstrated 

that the Sacramento River at sacradento in January~February 1994 exceeded the DFG acute and 

chronic criteria for nine and 19 days, respectively. Similar multiple exceedances were also 

observed in the Sacramento River at Colusa, the Feather River at Yuba kity and at HWY 99, . 
Sacramento Slough at Pass Road and at Karnak, and at Colusa Drain. The DFG recommends that 

once every three years the acute criteria may be exceeded for an hour and the chronic one for 

four days without causing damage to aquatic ecosystems. The frequency of exceedance of the 

diazinon criteria was greater than recommended by DFG in several areas of the Sacramento 

watershed in JanuaryFebruary 1994. 
I 



One hundred and f -five field samples were analyzed by both ELISA and GC/MS. No 

statistical difference was noted in the. accuracy and precision of the two methods suggesting that 

the diazinon ELISA procedure is acceptable for monitoring of surface waters. 



INTWODUCTION 

I f 

The Sacramento River Watershed encompasses over 16 million acres with about one percent' of 

the land mass being planted in stonefruit and almond orchards. Almonds and p m e s  constitute 

90 percent of this acreage (Table 1). The highest density of orchards typically occurs in the 

deeper, well-drained soil adjacent to waterways in Butte, Glenn, Colusa and Sutter Counties. An 

annual application of dormant spray ii recommended for all almond and k o n e ~ t  orchards in 

earIy winter primarily for the control of boring ins?&. 

Approximately 500,000 pounds of dormant spray insecticide are applied annually in the Central 

Valley on halfa million acres of stonefkuit and almond orchards primarily to control boring 
I 

insects. The pesticides are typically applied in January and February. Four insecticides are 

primarily employed with diazinon accounting for about half the market2. Toxic concentrations of 

diazinon were measured in the San Joaquin and in the Sacramento River in February 1993 after 

the three largest storms of the month (Kuivila and Foe, 1995). Dormant spray concentrations in 

the  an Joaquin River at Vernalis caused 100 percent Ceriodaphnia m4rtality in U.S. EPA three 

species bioassay procedures (U.S. EPA, 1989) for 12 days while acute tohcity was observed in 

the Sacramento River at the City of Sacramento for one day. Diazinon pulses from both 

watersheds were traced as far seaward in the Sacramento/San Joaquin Estuary as the City of 
I 

Martinez, 75 miles below the City of Sacramento. Toxicity was observed as far west as 
I ' 

I, Chipps Island, 60 miles downstream of Sacramento. 

These findings are of regulatory significance as the CVRWQCB's Basin Plan contains a 

narrative toxicity objective: "all waters shall be maintained free of toxic'substances in 
1 

concentrations that produce detrimental physiological responses . . . in ahuatic life." In 1989, 

U.S. EPA endorsed (54FR23868) us6 of the EPA three species bioassay; in assessing compliance 

with state narrative toxicity objectives. Both the Sacramento and San Joaquin Rivers and the 

downstream Estuary have been placed on the Clean Water Act 303(d) list by the CVRWQCB as . 

17 1.000 acres. 

73.000 pounds of  diazinon were applied to orchards in Butte. Colusa. Glenn. Suttcr. Tehama. Yolo. and ~ u b a  counties during January and 
February 1994. 



impaired water bodies in part because of toxic concentrations of diazinon during dormant spray 

season. 

Follow-up studies in the San Joaquin Basin codinned that the application of dormant.spray on 

orchards was the primary source of diazinon (Foe, 1995; Domagalski, 1996; Kratzer 1997). 

Loading studies (Kratzer, 1997) demonstrated that the Tuolumne and Merced Rivers and several 

small westside tributaries in Stanislaus County were the primary source of the insecticide. The 

results were surprising as some of the largest densities of orchards are along the Stanislaus River 
\ 

where little off site movement of diazinon was observed. These results are significant as they 

help focus the contro1,actions on the primary locations responsible for the majority of the 

pesticide observed in the San Joaquin River and in the southern Estuary. No similar studies 

have been conducted in the Sacramento Basin to determine the source of the diazinon observed 

in the Sacramento River. 

Enyme linked immunosorbent assays (ELISA) are a recently developed procedure that use 

antibodies to measure chemical concentration. An antibody has been developed specifically for 

diazinon. The procedure is appealing because it has a low detection limit and may be completed 

within hours without the purchase of large amounts of equipment. Traditionally, State of 

California agencies'have employed a capillary gas chromatographfion trap mass spectrometer 

(GC/MS) to quantify chemical concentrations. The GCIMS analysis is time consuming and 

analytical data are often not available for several days making real time follow up studies 

diflicult. The accuracy and precision of the ELISA procedure was not known for field samples. 

Objectives of this study were threefold. First, monitor diazinon~ncentrationsin-thesacramento 

River watershed after rainstorms to ascertain whether p u l s e ~ w ~ e  present. Second, if 

bncentrations of concern were observed, determine the souices of the insecticide. As part of 

this project, we compared the accuracy and precision of ELISA and GCMS methods to 

determine the utility of the ELISA procedure on field samples. 



METHODS AND MATERIALS , 

Site Descriptioa And Samplinp Locations: Water'samples were collected at 30 sites (Figure 1) 

on the Sacramento River and tributaries in the winter of 1994. Sampling ,was associated with 
, ' 

4 ,  

rainstorms. All samples were subsurface grab samples collected in ope liter amber glks bottles. 

Samples were placed on ice for transport to the laboratory where they were stored at 4OC until 
I 

I 

analysis: Seven primary sampling sites were seIected for daiIy monitoring after rainstorms 
\ 

(Appendix A, Table 1). These were located on the SacramentolRiver and on its major tributaries 

do&strearn of high densities of orchLds. Orchards in Butte and Glenri Counties are 

predominately located along the upper Sacramento River and its tributaries. Water samples 

, collected in the town of Colusa (Site '7) should detect any insecticides in stopwater runoff fiom 

the upper Sacramento River, with the exception of central Butte coun4. Orchards in central 

Butte County drain to Butte Slough above Pass Road (Site 5). Orchards in Sutter County 

predominately drain to Sacramento Slough between Pass Road and Karnak (Site 4). Orchards in 

Yuba County are located along the east side of the Feather River between Yuba City and 
I 

1 1  

HWY 99. Rainwater runoff fiom this area should be reflected in the insecticide loads from the 

Feather River at HWY 99 (Site 2). Flow information was available for each primary site 

enabling calculation of diazinon loads. 

Secondary sampling sites were lobafed along tributaries to the S a c r w t o  River, Feather River, 
I , , 

and Butte Slough for the purpose of identifying major sources of diazinon within each subbasin 

(Appendix A, Table 2). Samples were to be collected at least once during each rainfall event at 

the secondary sites. 



Flow data were not available for all these locations, making source identification more 

qualitative in nature. Limited sampling occurred on the upper Sacramento River between Colusa 

and Red Bluff when it became apparent that a notable portion of the diazinon load originated in 

those areas. Sampling was from major bridges crossing the river (Appendix A, Table 2). 

Preci~itation: Rainfall data were obtained from the Desert Research Center's Atmospheric 

Science Center for four locations in the, northern Central Valley: Cities of Sacramento, Colusa, 

Marysville, and Red Bluff. Rainfall information was collected for muItiple sites as the valley is 

over 100 miles long and thus precipitation at any one location is not likely to be representative of 

the entire watershed. 

Diazinon Analvsis: Three types of diazinon analysis were conducted: Millipore Enzyme- 

Linked Imrnunosorbent Assay (ELISA) at U.C. Davis; Gas Chromatograph Mass Spectrometer 

(GCMS) at the U.S. Geological Survey (USGS) central laboratory in Arvada, Colorado; and lor 

GCMS at the USGS laboratory in Sacramento. - 

Enzvme-Linked Immunosorbent Assay: All water sampIes (n=332) were analyzed by ELISA 

following Millipore recommended procedures (1 993)3 at U.C. Davis Aquatic Toxicology 

Laboratory within 14 days of collection. The Millipore ELISA detection limit for diazinon is 30 

ngh.  An ELISA quality assurance program consisting of 178 samples (47 percent of the total 

sample number) was conducted: (1) 12 blank samples were analyzed, (2) 15 duplicate 

3 
ELISA kits used in this study were distributed by Millipore Corporation. The Millipore ELISA division has sine been acquired by 

Strategic Diagnostics Inc, 128 Sandy Drive, Newark, DE 19713-1 147. 



analyses were performed on the same sample, (3) 152 samples were analyzed by GCMS; 38 by 

the USGS in Sacramento, and 1 14 by 'the USGS central laboratory, and (4) approximately 16 

, percent of the samples were analyzed $ GCIMS at both USGS facilities. 

Gas lchromato~ra~h Mass Spectrometer Analysis: Within ten days of collection, forty 

percent (n=152) of the samples were filtered through a 0.7 micron glass flber filter and then 
\ 

extracted on solid phase C18 resin column cartridges. The cartiidges were then stored in a 

i freezer until shipped to the USGS central laboratory for elution and analysis by GCMS. The 

central laboratory detection limit and mean percent recovery for diazhon are 8 ng/L and 77 

percent, respectively (Table 2). No correction was made in this study for the less than complete 

recovery of diadnon. Complete details of the analytical procedure are described b$zaugg er al. 
I 

(1 995). 

I 
1 

Ten percent (n=48) of the samples were prepared in a similar fashion for analysis at the USGS 

sacramento laboratory which uses d e  same procedures (Zaugg ef ol., 1995). The detection limit 

and mean percent recovery for diazinon at the USGS laboratory in Sacramento was 38 ngL and 
8 ,  

74 percent, respectively (Table 3) .  The Sacramento USGS GCMS analysis was needed because 

mefhidathion, another dormant spray insecticide, w p  not reported in the central laboratory scan. 

A quality assurance program was also performed on samples analyzed by GCiMS to assess 

accuracy and precision of the analytical process. Twenty deionized blank water samples were 
I 

submitted to the USGS central laboratory to ascertain background contamination. These were 

prepared in the same way as the field samples., Five samples (three ~ercent of the total) were 



split and were submitted blind to the USGS central laboratory as intralaboratory splits to 

ascertain repeatability of the analytical method. In addition, a surrogate ileuterated diazinon 

sample was amended into USGS cent& laboratoj samples to establish the efficiency of 

diazinon extraction and analysis. 

Diazinon Degradation Ex~enment: A degradation experiment was conducted to assess the 

rate of loss of diazinon held in amber glass contaikrs in the dark at <4.0° C. These experiments 

were necessary because some field samples were held for 14 days before analysis. The 

experiment consisted of spiking three one liter samples of both Iaboratory and Butte Creek water 

with 350 ng/L diazinon and measuring insecticide concentration 0, 10,38, and 60 days later 

(spiked samples stored in dark at 4OC). Results 'were compared by analysis of variance to 

establish whether a loss occurred through time. 

Water Flow Data: Flow data were obtained from the 1994 USGS's Water Data Report (USGS, 

1994) and the Department of Water Resources' (DWR) California Data Exchange Center 

(CDEC, 1995). CDEC flow data was used almost exclusively at all primary sampling locations 

except at the HWY 99 bridge on the Feather River (Site 2). No flow information is available for 

the Feather River at its confluence with the Sacramento River. Therefore, the flow of the Feather 

River was estimated by summing the flow of the Sacramento River at the City of Colusa with 

that of Colusa Drain and Sacramento Slough and subtracting the flow of the Sacramento River at 

Verona. 

Diazinon Mass Loading Calculations: Estimations of maks loading are helpful in determining 

sources of chemical contaminants. Loads were calculated by multiplying the measured diazinon 



concentration at a site by the mean daily flow (results expressed as kilograms diazinon per day). 
I 

If multiple estimates of diazinon concentration were available, then values were averaged to 

calculate a mean concentration for usein the mass load estimate. 

Travei Time: To compare loads at different points in a watershed, one must have some estimate 
I 

of water mass travel time. The travel time of waterbasses between the confluence of each 

Sacramento River tributary and the City of Sacramento was estimated from distance and water 

velocity measurements @WR, 1962 - Table 4). Travel time estimates between 12 and 36 hours 

were rounded to one day while estimates falling between 3'6 and 60 hours were rounded to two 

days. Velocity measurements were not available for Butte Creek or the Feather River. Travel 
I 

times were calculated by assuming a velocity of 1.25 miles per hour (Table 4). 



RESULTS AND DISCUSSION 

Results are presented below in three sections. First, the data fibm the pesticide quality 

assurance/quality control program is Summarized with an emphasis on determining whether 

ELISA procedures might be substituted for GCMS analysis. Second, diazinon concentrations 

and loads are presented for both tributaries and the mainstem Sacramento River during dry and 

wet weather. The main objective was to determine whether exceedances of the California 
\ 

Department of Fish and Game (DFG) Hazard Assessment critefia for d i e o n  (Menconi and 

Cox, 1994) occurred and to locate the geographic source(s) of diazinon observed in the river at 

the City of Sacramento after rainstorms. In addition, information is summarized on other 

common pesticides detected during stonn flows. 

Quality Assurance and Quality Control Program 

A quality assurance and quality control (QAIQC) program was carried out to assess the reliability 

of both the GCMS and ELISA, and to determine whether the ELISA procedure could be used in 

place of GCMS analysis for field monitoring. 

GCMS: The GUMS program consisted of the submission of blanks, intra- and interlaboratory 

splits of the same sample, and amendments of deuterated diazinon. First, no chemicals including 

diazinon, were measured in any of the 20 blank samples analyzed at the USGS's central 

laboratory. Second, five intralaboratory split samples were analyzed at the USGS central 

laboratory (Appendix B, Table 1). In these five samples, the mean percent difTerence in diazinon 

concentration was 22 percent. Third, 25 interlaboratory split samples were analyzed by both the 



USGS Sacramento laboratory and theicentral laboratory (Appendix By Table 2). The mean 

percent difference was 19 percent (Appendix By Table 2). These data a e  plotted in 
I 

Figure 1 of Appendix B and the relatibnship was found to have a r2 valde of 0.93. Paired 

sa&les were compared by t-test to establish whether a difference might exist None was noted . 

J 

(P>O. 10) so both dam sets were combined for subsequent analysis. Final/$ the mean percent 
I I 

recovery of 
\ '  

I 

164 deuterated diazinon amendments was 95 percent (Appendix B, Table 3). 

ELISA: The ELISA QAJQCprograrn at U.C. Davis Aquatic Toxicology Laboratory consisted of 

laboratory blanks, inndaboratory splits and interlaboratory comparisons employing ELISA and 

GCMS analyses. No diazinon was detected in any of the 12 blank samples analyzed by ELISA. 

Fifteen samples were reanalyzed by ELISA to ascertain the repeatability of the results. The 

me& percent difference was 20 (Appendix By Table 4). This value appears similar to the 

22 percent difference observed in duplicate GCMS 'analyses of other field samples. 

Both ELISA and GUMS were used to analyze 155 samples (Appendix By Table 1). Thirty-eight 
I 

of these GCMS anaIyses were conducted at the Sacramento USGS laboratory and 1 17 at the 
I I 

central laboratory. Data are plotted in Figure 2 of Appendix B (r2 = 0.75). A paired t-test was 

used to assess whether a difference Gght exist bekeen methods; none; was detected (P0.3). 

Thus, the ELISA and GCMS results were considered comparable and were combined in the 

subsequent analysis. 



In conclusion, results of both the GCNS and ELISA QA/QC program appeared satisfactory. 

Furthermore, no difference was evident in the accuracy and precision of the two methods, 

suggesting that ELISA is an acceptable procedure for determining diazinon concentrations in 

surface water monitoring. 

.. . 

Diazinon de~radation: No change was noted in the concentration (analyzed by ELISA) of 
\ 

diazinon amended into laboratory and Butte Creek water after two months storage in amber glass 

containers at <~OC (P>O.OS, ANOVA; Appendix B, Figure 3) suggesting that little error was 

caused by delaying the analysis of some field samples for up to 14 days. 

Sources 

Diazinon concentration and load data are presented below for portions of the Sacramento 

Watershed draining areas of high orchard density. Information on diazinon concentration is 

important as it indicates locations where insecticides may be a threat to aquatic life. To assess 

whether toxicity impacts on aquatic life could exist, diazinon concentrations were compared to 

the DFG Hazard Assessment criteria Load information is important because it indicates the I 
major sources of contamination. Such information is needed to identify areas where control 

action is necessary to insure the protection of aquatic organisms. The strategy consisted of 

collecting concentration and load information at key locations in each basin during both dry and 

wet periods, as well as conducting detailed follow-up work in those locations which appeared to 

contribute the greatest amount of diazinon. 



Preeiritation: Water year 1994 was tlassified as critically dry in the Sacramento basin.' 
1 

Rainfall patterns at the Cities of Red Bluff, Colusa, Marysville, and Sacramento are presented in 

Table 5. Two significant storms occurred during the study: the first in late January and the 

second in early February. Each dropped 1.5 inches or more of rain throughout the Central 

, Valley. A third, more minor, storm occurred in late February. Daily precipitation patterns at all 

locations appeared similar with the following exceptions: &all during the first storm was 
\ 

nearly an inch more at Marysville than at either Colusa or Sacrtunento while precipitation totals 

for the third storm at Red Bluff were at least double those at allother locations. The second 

storm appeared to be of similar magnitude thmughobt the Valley. 

Dormant Sprav Usape: Seventy-five percent of the diazinon was applied in the Sacramento 

Basin during January 1994 (Figure 2). Presumably, most of the insecticide was sprayed during 

the lfirst three weeks of the month asthe last week was wet.' Butte, Glenn, Sutter and Yuba 

Counties accounted for 90 percent of the use. Pesticide application rates, with the exception of 

Colusa Count\', were consistent with the reported orchard acreage (Table 1, Figure 2). Colusa 

County is reported to have a larger acreage in trees than was reflected in the pesticide use data. 
t 

DRYWEATHER 

Diazinon Concentration: Diazinon concentrations were measured on five occasions dying dry 

weather in 1994: 12,17,2 1, and 3 1 January and 4 February (Figure 3, and Appendix C, 

3 

4 
Water year types a= classified in California according to the natural water production of the major basins. 

2.1 inches of  rain HI between 23 and 26 January at Red Bluff (Table ' 1. 



Table 1). These dates were selected because they were preceded by at least three days of dry 

weather (Table 5). The highest diazinon concentrations were observed in Sacramento Slough at 

Kamak (Site 4). On all occasions diazinon concentrations in the Slough exceeded the DFG 

chronic water quality criterion, and on three days the acute criterion. In contrast, the chronic 
\ 

criterion was only exceeded elsewhere on four occasions (Colusa Basin Drain on 3 1 January, 

Feather River on 12 January, and Sacramento River at Sacramento on 17 and 3 1 January). The 

Kamak data are particularly troubling as the Sutter National Wildlife Refuge is located 

immediately upstream and the watershed supports a late Fall Salmon Run. Juvenile salmon 

should be migrating down Sacramento Slough during February (Reynolds et. al., 1993). 

No upstream dry weather pesticide data were collected for either the Feather or Sacramento 

Rivers as neither watershed routinely exceeded the DFG hazard assessment criteria However, 

limited information was obtained at Pass Road on Butte Creek, some 36 miles upstream of 

Karnak, because of the diazinon exceedances. The Pass Road site is above the Sutter National 

Wildlife Refuge. Potential diazinon sources here are from orchards in the vicinity of Chico 

draining into Upper Butte Creek and from orchards surrounding the Main Drain site (Figure 1). 

Diazinon concentrations were always lower at Pass Road than at Karnak suggesting that major 

inputs were below Pass Road (Figure 4). However, on all dates diazinon concentrations at the 

Pass Road site exceeded the DFG's chronic water quality criterion. 



Loads: Daily dry weather diazinon loads were similar (196-258.gmsIday) in all tributaries 

where orchards are a major land we kith the exception of Colusa Drain1 (Figure 5; Appendix C, 

Table 2). This observation is notable-as the flow of the Sacramento and Feather Rivers are about 

seven times greater than Sacramento Slough. High concentrations of diadnon in Sacramento 

Slough are responsible for its contribution to load. Colusa Drain always exported negligible 
. . 

amounts of diazinon. I 

i Dry weather diazinon load information is available only for upper Butte Creek at Pass Road 

(Figure 6).  On each sampling date the load increased downstream at Karnack. Mean daily loads 
I ' 1 '  

were about four times greater at Karnak than at Pass Road suggesting that about 25 percent of the 

I '. I 

diazinon originated above Pass ~ o a d  and about 75 percent below this pomt. The major sources 

of diazinon below Pass Road are likely to be Wadsworth Canal and the DWR pumping stations 

at Obanion and Sacramento Avenue. 

WET WEATHER I 

First Storm - Diazinon Concentrations: Two inches of rain fell between 22 and 25 January in 

the City of Sacramento after a ten day dry period, three inches were recorded at the Cities of 

Mhysville and Red Bluff (Table 5): 

Baseline dry weather diazinon concentration and river flow before the storm at Sacramento 

ranged from <30 to 50 ng/L and fiom 10,000 to 15,000 CFS, respectively (Figure 7; 

Appendix C, Tables 1 and 2). Flow and diazinon concentrations began to increase at Sacramento 

on 24 January, peaked on the 27th at 24,000 CFS and 236 ng/L and returned to background 



levels by 4 February. Eighty-five miles upstream at CoIusa, pesticide concentrations also began 

to rise on January 24th but peaked a day later on the 25th at 90 ng/L and returned to baseline by 

the 29th (Figure 8). 

Comparison of instream pesticide concentrations with the DFG Hazard Assessment criteria 

demonstrated that the acute criterion was exceeded for one day at C,olusa (25 January) and for 
\ 

five days (24 to 28 January) at Sacramento (Figure 9, Table 6): Computation of a diazinon 

concentration four day running average demonstrates that instream values exceeded the DFG 

chronic criterion at the City of Colusa for five days (24 to 28 January) and at sacramento for 

eleven days (24 January to 3 February; Table 6). It is assumed, although no data were collected, 

that the 85 miles of river between Colusa and Sacramento also exceeded the chronic criterion for 

.the five day time period between 24 to 28 January as both the up and downstream Iocations were 

above the criterion throughout the time period. 

Higher diazinon concentrations were'observed in the Feather River than in the Sacramento River 

(Figure 10). Diazinon concentration in the Feather River at Hwy 99 began to rise on 25 January, 

peaked on the 26th and returned to baseline by the 29th. Twenty miles upstream at Yuba City, 

diazinon concentrations were rising on the 24th peaked on the 25th and decreased to background 

concentrations by the 28th (Figure 10). 

Comparison of Feather River diazinon concentrations to DFG hazard assessment water quality 

criteria demon&ates that the recommended acute value was exceeded for four days at both 



Yuba City (24 to 27 January) and at HWY 99 (25 to 28 January; Table 6,  Figure 10). 
4 

Furthermore, four day instream runriing average concenkations exceeded the DFG chronic 

criterion at Yuba City for five days (24 to 28 Janwy) and at HWY 99 for eight days (24 to 

3 1 January). Comparison of the timing of up and downstream exceedances suggest that the 

intervening 20 miles of River between Yuba City and HWY 99 likely exceeded the DFG acute 

and chronic water qualitycriteria for at least' three (25 to 27 January) and five (24 to 28 January) 
\ 

days, respectively. Diazinon concentrations were available for tributaries o,dy for 24 January 

(Figure 10). ' ~ l l  sample concentrations, except for the Yuba River at Marysville, exceeded the 

DFG acute water quality criterion. 

During the first storm, the highest diazinon concentrations were observed in Sacramento Slough 

(Figure 9). Diazinon concentrations at Pass Road began to rise by 25 January, peaked on the 

26th but had not returned to baseliqe by the 28th when sampling c e a w  (Figure 11). Thirty-six 

miles downstream at Karnak, diazinon concentration began to rise on the 25th, a day later than at 

Pass Road, peaked on the 27th at 1400 ng/L, but had not returned to baseline by the last day of 
I '  I / 

sampling (3 1 January). All diazinon concentrations recorded at Pass ~doad, and seven of eight 

measurements' at Karnak, exceeded the DFG acute water quality criterion (Figure 1 1, Table 6). 

Diazinon concentration was measured on 24 January only in the primary agricultwal tributaries 

tofthe lower Sacramento SloughlButte Creek between Karnak (Site 4j and Pass Road (Site 5). 

The 24th was at least one day prior to the entry of the largest pesticide concentrations. 

Concentrations in the Main Drain (Site 15), Wadsworth Canal (Site 14), DWR pumping station 
I ,  

at Obanion (Site 13): and at sacramento Avenue (Site 12) all exceeded the DFG acute water 

quality criterion (Figure 11). 



Diazinon concentrations in Colusa Basin Drain were the lowest recorded for any major input to 

the lower Sacramento River (Figure 9). Diazinon concentrations exceeded the DFG acute water 

quality criterion on 27 January (94 ngL) only, though, the four day running average diazinon 

concentration exceeded the chronic criterion for five days (24 to 28 January, Table 6). 

\ 
First Storm - Diazinon Loads: Measured diazinon loads (kg/day) in the Sacramento River at 

: Sacramento and predicted contribution fiom each tributary are presented in Figure 12. Measured 

loads were calculated by multiplying the daily flow rate of the river at a site by the observed 

diazinon concentration at that site. Predicted loads were estimated by summing the contribution 

of each tributary after accounting for travel time to Sacramento. Differences between the 

predicted and measured loads are an indication of the reliability of the load estimates. 

Substantial error may have occurred in estimating travel time, in employing a single daily grab 

sample to estimate pesticide concentrations, and analytical errors in measuring diazinon 

concentrations and river flow rates. The largest single source of error was probably caused by 

collecting a single grab sample daily. 

The sum *(four day total) of the predicted daily loads fiom tributaries over estimated actual 

measurements at Sacramento by about sixty percent during the first storm (Figure 12). The 

largest difference occurred on 27 January when the measured load was only about forty percent 

of the predicted one. 



At Sacramento, maximum load was measured on 27 January (Figure 12). About 90 percent of 

the load appeared to have originated from the Feather River. One possjble explanation that the 

predicted load was greater than estiniated is that the maximum diazinon conceniption in the river 

at Sacramento may have been about double the measured value and may have persisted for less 

than a day. Similar pulses with high amplitude and short duration have been observed in the San 

Joaquin River basin after large stoms (Kratzer, 1997). Diazinon loads decreased at Sacramento 
\ 

in succeeding days mainly because of decreased contributions from the Feather River. The 

maximum load fiom Sacramento SIough peaked one day later than the Feather River and 

declined slowly. This resulted in the pesticide pulse at Sacramento having a "tail." Contributions 

fiom the Sacramento River above Colusa were relatively constant throughout the storm at about 

1.2 kglday, while Colusa Basin Drain contributed less than one percent of the total load. 

Comparison of the'diazinon load of the Feather River at Yuba City and at HWY 99 demonstrate 

that the watershed above Yuba City contributed only 250-400 gmslday br about 4 percent of the 

totaI load at HWY 99 (Figure 13). I'berefore, 96 percent of the diazinon , ,  must . have originated 

fiom below Yuba City. The load estimate at Yuba City does not include input fiom jack Slough, 
. , 

1 ,  

which enters the river on the side opposite from our sampling site. while limited concentration 

information is available for the tributaries, it is apparent that Jack slough and the Bear River may 

have been major sources of diazinon to the Feather River below Yuba, City (Figure 10). 

I 
Sacramento Slough was the second most important source of diazinon in the Sacramento River at 

the Sacramento site Figure 12). Comparison of the daily load of diazinon 'at Pass Road and at 

Karnak demonstrated that, on average, the load at Pass Road was only about 25 percent of that at 



Karnak (Figure 14). This implies that about 75 percent of the diazinon load measured at Karnak 

entered below Pass Road. Again, whiie little information is available for the lower portion of the 

slough, likely sources appear to be Wadsworth Canal &d the DWR pumping stations at Obanion 

and Sacramento Avenue (Figure 1 1). 

Second Storm - Diazinon Concentrations: The second rainfiall event was preceded by a seven 
\ 

day dry period and occurred between 6 and 11 February. Flowand diazinon concentrations 

increased in the Sacramento River and peaked on 10 February at Sacramento (Figure 7; 

Appendix C, Tables 1 and 2). At Colusa, flow and insecticide maxima occurred two days earlier, 

as in the fust storm, on 8 February at 25,000 CFS and 200 ng/L, respectively (Figure 8). 

Comparison of Sacramento River diazinon concentrations with the DFG water quality criteria 

demonstrated that the acute criterion was exceeded for two days at Colusa (8 and 9 February) and 

for four days at Sacramento (8 and 1 1 February; Figure 15, Table 6). The four day n.uming 

average concentration at both cities exceeded the DFG chronic criterion for six days (7 to 12 

February). ~t'seems safe to assume that the intervening eighty-five river miles between Colusa 

and Sacramento exceeded the DFG acute water quality criterion for at least two days (8 and 9 

February) and the chronic criterion for six days (7 to 12 February) as both up and downstream 

sites did during the same time period. 

On the Feather River diazinon concentrations peaked at both Yuba City and at HWY 99 on 

8 February at 120 and ,147 ng/L (Figure lo), respectively. Both sites exceeded the DFG water 

quality criterion of 80 ng/L on 8 and 9 February. The four day running average concentration 



exceeded the chronic water quality criterion at Yuba City for four days (7 to 10 February) and at 

HWY 99 for eight days (7 to 13 Febniary, Table 6). 

Lower Feather River tributaries were sampled on three dates (8 to 10 February) during the 

second storm (Figure 10). All measurements taken on Jack Slough exceeded the DFG acute 

water quality criterion while only one Yuba River sample did so. Measurements on Honcut 

Creek exceeded the chronic criterion while diazinon concentrations on Bear River were below 

detection (Figure 10). 
I , 

Diazinon concentrations were measured for eight days in Sacramento Slough at Karnak and 

Pass, Road (7 to 14 February) and for three days in their principal agric,ultural tributaries (8 to 10 

February; Figure 11). Diazinon concentrations at Pass Road were greater than at Karnak for the 

first three days of the storm whereupon concentrations became larger downstream. All 

tributaries except the pumping stations at Obanion and Sacramento Avenue discharged water 

with higher concentrations than at the Slough site on all three days monitored. Obanion and 

Sacramento Avenue inputs provided dilution flows. The high diazinor!doncentrations at Karnak 

may have ori3ginated in Wadsworth Canal, as it discharged water with 1,900 to 4,500 ngll 

diazinon. All diazinon concentrations measured in the Sacramento Slough drainage exceeded the 
, 

DFG acute water quality criterion, some by as much as 40 to 60 fold (Appendix C, Table 1). 

~nsecticide concentrations were measured for eight days at Colusa Basin   rain (Figure 15; 

Appendix C,  Table 1). Diazinon concentrations were about three times greater than during the 



fust storm and averaged 244 ngfl. Diazinon concentrations exceeded,the DFG acute criterion for 

seven days at this site (Table 6). 

Second Storm - Diazinon Loads: The difference between the predicted ,and measured diazinon 

loads at Sacramento during the second storm was less than in the first storm (Figure 16), with the 

exception of the first day (9 February), than during the frst  storm. The average percent 
\ 

difference between the observed and measured loads was 25 percent. In contrast to the fust 

storm, the diazinon load at Sacramento exceeded the predicted load. Flow data were not 

available for the Feather River on 9 February so an assessment of Feather River diazinon loads 

are impossible to make and this undoubtedly contributed to the large difference between 

predicted and measured loads for that date. 

The largest loads at the beginning of the storm were fiom the Sacramento River above Colusa 

and to a lesser extent from the Feather River. As the storm progressed, inputs from Sacramento 

Slough increased while loads from the upper Sacramento River and fiom the Feather River 

declined. Colusa Bein  Drain never contributed a ~ i ~ c a n t  diazinon load. 

 he observation that the Sacramento River above Colusa might be a major source of diazinon 

was unexpected and, consequently, no monitoAg sites were established to ascertain the 

source(s) in the upper Sacramento River. 

The second most important source of diazinon was Sacramento Slough. Comparison of loads in 

Sacramento Slough at Karnak and at Pass Road demonstrated that 47 to 66 percent of.the load 



originated below Pass Road (Figure 14), this result being similar to the first storm. Major 

sources of diazinon below Pass Road, were likely to have been from Wadsworth Canal and from 

the DWR pumping stations at Obanion and Sacramento Avenue as on each occasion the 

concentrations of diazinon at these two sites were the highest in Sacramento Slough. The Main 

Drain may have been a major source 'of diazinon to Butte Creek above Pass Road. 

Diazinon loads in the Feather River, while less important than from the upper Sacramento River 

and from Sacramento Slough, were also estimated. The results demonstrate, like in the first 

storm, that 61 to 94 percent of the load originated below Yuba City (Figure 13). A major source 

may have been Jack Slough (Figure 10). 

Third Storm-Diazinon Concentra'tions: The third storm was the smallest with about an inch 
I 

of iain in Sacramento on 17 and 19 February (Table 5 ). Twice this amount fell in Redding. As 

with the first two storms, the flow of the Sacramento River at Sacramento increased and peaked 

on the 22nd, two to three days after the last precipitation (Figure 7). However, unlike previous 
I 

s tohs,  only a small increase in ambient diazinon concentration was obkerved. We average four 

day concentration at Sacramento, between the 21st and the 24th exceeded the DFG chronic 

water quality criterion (Figure 17). Kuivila and Foe (1995) also noted a marked decrease in 

diazinon concentrations in the Sacramento River during the third storm ,of $e month in 1993. 
I /  

8 ,  

The cause is ualmown, but the authors speculated that two storms may be sufficient to 'cleanse' 

the watershed of diazinon after dormant spray applications. 

I 

At CoIusa, both flow and diazinon concentration increased rapidly and peaked on 



21 February at 20,900 CFS and 105 ngA, respectively (Figure 8). Diadnon concentrations 

exceeded the DFG acute criterion for one day (21 February) and the four day running average 

value exceeded the chronic criterion for four days (1 8 to 21 February, Figure 17; Appendix C, 

  able 1). Limited sampling was conducted above Colusa (Table 7). These data are difficult to 

interpret as no flow measurements were available for Tehama and Hamilton City (Appendix C, 
. . 

Table 2). However, the results suggested that one or more sources exist between Bend and Vina. 
\ 

As a result, 27 miles of river (Red Bluff to Vina) exceeded tht DFG acute criterion on the 17th, 

49 miles (Vina to Butte City) on the 19th, and 40 miles (Ord Bend to Col+a) on the 21 st. More 

sampling is required to determine the location of the sources of diazinon in the upper Sacramento 
1 

River. 

The Feather River, consistent with other storms, reacted the most rapidly of all the Sacramento 

River tributaries and had a peak diazinon concentration at HWY 99 on the 17th the first day of 

the storm (Figure 1.0). Diazinon concentration on the 17th was 58 ngA (Appendix C, Table 1). 

Jack Slough again appeared to be an important diazinon source. The DFG acute water quality 

criterion was exceeded in the Slough on all four sampling dates. 

Sacramento Slough, as during previous storms, had the highest diazinon concentrations of any 

monitored tributary (Figure 17). Concentrations at Karnak were above the DFG acute criterion 

for five days (1 7 to 21 February) and above the chronic criterion for all seven days monitored. 

(Figure 11; Appendix C, Table 1). Diazinon concentrations did not appear to change rapidly at 

the Karnak site. Concentrations in the Slough at the beginning of the third storm appeared 

similar to those measured at the end of the second one (Appendix C, Table 1). So, it is not 



known whether the diazinon measured during the third storm resulted primarily f?om continued 

runoff from the second one or was 'new' runoff. Upstream monitoring suggested that the Main 
I 

Drain, Wadsworth Canal, and DWR pim~ping stations at Obanion and Sacramento Avenue were 

important sources (Figure 11). Sixteen of twenty samples collected at these four sites exceeded 
4 I 

the DFG acute criterion; 17 samples exceeded the chronic criterion. 
I 

', 
Diazinon concentrations in Colusa Basin Drain also increased, producing a double peak on the 

: 21st and 24th (Figure 17). The cause of the bimodal peak is not known though it may have been 

due to the bimodal rainfall pattern. Diazinon concentrations exceeded the DFG acute and four 

day running average criterion for two and seven days, respectively (Figure 17; Appendix C, 

Table 1). 

Third Storm - Diazinon Loads: Fourteen and a half kilograms of diazinon were exported from 

the Sacramento River Basin during the third storm (Appendix C, ~ a b l k  2). This is about a third 

ofthe load transported past the City of Sacramento during each of the previous two ~ torms .~  It is 

not known whether the decrease in diazinon load occurred because the third storm had the 

smallest amount of rain or whether the previous two storms "washed off' most of the available 

insecticide. Kuivila and Foe (1995) also noted a decrease in loads expohed from both the 

Sacramento and San Joaquin basins after the second storm of the month. 

6 
39.1 and 43.6 kilograms of diazinon were calculated to have been exported during the first and second storms, respectively (Appendix C, 
Table 2). 

I 



The majority of the diazinon load originated h m  the upper Sacramento River during the third 

storm (Figure 18). As previously explained, the sources of the insecticide are not known, though 

much of it appeared to have originated in the 40 mile reach between Bend and Vina (Table 7). 
, 

Sacramento Slough was the second most important source of diazinon (Figure 18), exporting an 
. . 

estimated 2.5 kglday of diazinon, or about 17 percent of the total load, from the Sacramento 
\ 

River watershed (Appendix C, Table 2). Unlike previous stornis, the load seems to have come 

about equally fiom above and below Pass Road (Figure 14). As noted above, major sources 

appear to be the Main Drain, Wadsworth Canal, and the DWR pumping stations at Obanion and 

Sacramento Avenue. 

In conclusion, water year 1994 was critically dry. As in February 1993, flow and diazinon 

concentrations increased in the Sacramento River at Sacramento after the three largest rain 

storms of the month, peak concentrations being 236,253, and 51 ngA. Eighty-five miles 

upstream at Colusa, flow and diazinon concentrations also increased after each rainstorm, 

maximum concentrations being 88,200, and 105 ng. The primary source of the diazinon 

during the fist storm was fiom the Feather River. Important Feather River sources were Jack 

Slough and the Bear River. The primary sources of diazinon in the Sacramento River during the 

second and third storms were fiom the Sacramento River above Colusa and fiom Sacramento 

Slough. The principal source(s) of diazinon in the upper Sacramento River were not identified, 

but appear to be located between Bend and Vina Important sources of diazinon in Sacramento 

Slough were the Main Drain, Wadsworth Canal and the DWR pumping stations at Obanion and 

Sacramento Avenue. Colusa Basin Drain was never a major source of diazinon. 



- Comparison of instream diazinon concentrations to the DFG's water quality criteria reveals that 

the Sacramento River at Sacramento during JanuaryEebruary 1994 exceeded t .  acute and 

chronic criteria for nine and 19 days, respectively (Table 6). Similar multiple exceedances 
I 

also were observed in the Sacramento River at Colusa, the Feather River at Yuba City and at 
. . 

HWY 99, Sacramento Slough at Pass Road and Kamak, and in Colusi Basin Drain. DFG 
\ 

recommends mat their acute criterion may not be exceeded moie than onck every three years for 

an hour and their chronic criterion for no more than f o k  days. Obviously, the frequency of 

exceedance of both the acute and chronic diazinon criteria was much greater than that during 

JanuaryEebruary 1994 in many Sacr'amento Basin waterways. 
' 

Other Chemicals: Thirty pesticides were detected in the USGS central laboratory scan 

(Appendix D, Table 1). No chemical concentration, with the exception of diazinon, was above a 

recommended water quality criterion or toxicity effect level found in the published literature. 

This included chlorpyrifos and malathion, two other dormant spray insecticides. No information 

was available for permethrin and esfenvaleratc. Pesticides identified in 'the GCMS scan at 

USGS sacramento laboratory are h l~ppend ix  D, Table 2. I s  



Interestingly, the herbicide simazine was ubiquitous at low concentrations throughout the bash7  

Simazine is commonly applied in the watershed on almonds and on right of way (Department of 

Pesticide Regulation, . .. 1997). Atrazine, another triazine herbicide, was common in the 

Sacramento River at Colusa, the Feather River at HWY 99, and at Colusa Basin  rain.' 

Concentrations of atrazine increased in Sacramento Slough at Karnak and in samples collected at 
\ 

the DWR pumping station at Sacramento Avenue after 17 Febiuary, suggesting a recent local 

: application. Atrazine is commonly applied to corn and along road sides (Department of Pesticide 

Regulation, 1997). 

Carbofuran and molinate were detected in the discharge from all waterways where rice is grown. 

Thiobencarb, another commonly used rice herbicide, was detected in only 58 percent of the 

samples. The three chemicals are typically applied in rice culture in May and June about six 

months earlier. The Central Valley Water Quality Control P.lan for the Sacramento River has a 

conditional prohibition for discharge of irrigation return flows containing carbofuran, molinate 

and thiobencarb if concentrations are above the Basin Plan performance goals.. Measured 

concentrations were below performance goals for all three pesticides.g 

Simazine was detected in 94 percent of all samples at mnscotrations be-n 10 and 1.200 ngA (Table I. Appendix D). 

' Akizine was detected la46 percent of all samples at concentmriom between 3 and 5,300 ngA (Table I, Appendix D). 

9 
Values for carbofuran, molinate, and thiobencarb ranged between 23 to 370.22 to 420, and 2 to 42 ngil. Performance goals for the thrce 

pesticides 0.4. 10, and 1 5  ugL. respectively (Central Valley Basin Plan, 1990) 
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Tables 



Table 1. Summary of stonefruit and almond acreage in the northern Sacramento ever  Valley. The data are from 
the U.S. Department of Commerce (1987). 

Orchards 

County Almonds Apples Apricots Peaches Pears Plums Prunes Sum of Orchards 
Butte 37,870 150 2,118 10,071 50,209 

Colusa 

Glenn 

Sutter 

Tellama 

Y 010 7,546 ' 664 119 5 15 2,175 11,019 . 

Yuba 1,840 ' 3,834 1 1,934 17,608 

. Total 90,042 56 1 697 13,329 1,163 48 65,532 17 1,372 



Table 2. Recovery and pitcision data h m  six determinations of 
compounds amended at 100 ng/L into laboratory water at the U.S. 
Geological Survey C e n d  Laboratory (Zaugg et d. 1995). 

Mean Preliminary 
obseded Mean estimated 

Compound concentration recovery MDL 
(ng/L) (%) I (ng/L) 

Alachlor 86 \ 86 9 
Atrazine 89 89 17 
CNorp yrifos 83 83 5 
C yanazine 96 96 13 - 
DacthaI (DCPA) 82 82 4 
Diazinon 77 77 8 
EPTC 80 80 ' 5 
Ethafluralin 54 54 I 13 
Ethoprop 80 I 80 12 
HCH, alpha- 77 77 7 
Malathion 90 90 14 
MetolacNor 92 92 9 
Metribuzin 42 42 12 
Molinate 82 82 7 
Naproparnide 83 83 10 
Parathion-methyl 73 73 35 
Pendimethalin 46 46 ' I  18 
Phorate 

I n 77 11 
Prometon 77 77 8 
Simazine 76 - 76 8 
Tebuthiuron 88 88 ' 15 
Terbufos 74 74 12 
Thiobencarb 85 85 8 
Trifluralin 47 47 12 
Atrazine, desethyl 12 12 3 
Carbaryl 15 1 151 . ,146. 
Carbofuran 108 I 108 I 113 
Terbacii 75 75 30 
Dimethoate 11 11 ,624 

ng/L, nanogram per liter; MDL, method detection limit' 



Table 3. Recovery of insecticides spiked at 100 ng/L into organic free 
Sacramento River water '(Crepeau et al. 1994) 

Meari Modified 
observed Mean estimated 

Compound concentration recovery MDL 
(ng/L) \ (%) (ng/L) 

Carbofuran 82 82 44 
Diazinon 74 74 3 8 
Methidathion 75 75 <aj-.> - 
Molinate 89 89 110 
Simazine 74 74 60 

ng/L, nanogram per liter; MDL, method detection limit 



Table 4. Distance and estimated travel time of water to the City of Sacramento (Site 1)  from all primary orchard sampling 
sites. Travel times are rounded to whole days (i.e. 12 - 36 hours = 1 day, 36 - 60 hours = 2 days). River velocities 
are from DWR (1962). 

Velocity Travel Time 

Location (Site #) River miles above Sacramento (mph) (Hours) (Days) 

City of Colusa (7) 85 1.50 . 60 2 

. . 
. . Colusa Drain (6) - .. . - _: 3 0 .  1.25 . ~ 24 - 1 - _ ;  

Karnak (4) 21 1.25 17 1 

Feather River (2) 

City of Sacramento (1) 



Table 5. Daily precipitation (inches) in Red Bluff, Colusa, Marysville, and Sacramento for January 1 through February 28, 1994 (Desert Research Institute, 

Location Date 

Red Bluff 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

January 0.21 0 0 0.110.01 0 0 0.11 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 3 0 . 1 6 1 . 1 6 O . J 9 0 . 6 8 O . M  0 0 0 0 0 

Pc\)rllary 0 0 0 0 0 1.13 0,71 0.14 0 0.34 0 0 0 0 0 0 1.16 0 1.09 0.22 0.13 0 0 .  0 T 0 . 6 1 . 0  0 

Colusa 

January 0 0.05 0 0.030.12 0 0 0.08 T 0 0 0 0 0 0 0 0 0 0 0 0 0 0.6 0.44 0.06 0.38 0.02 0 0 0 0 

February 0 0 0 0 0 0.58 1.22 0.14 0 0.03 0.01 0 0 0 0 0 0.35 T T 0 . 4 9 . 0  0 0 0 0 0.12 T 0 

Marysville 

January 0 0 0 0 . 2 8 0 . 1 1 0  0 O 0 . 0 S T  0 0 0 0 0 0 0 0 0 0 0 0 0 . 9 8 0 . 6 4 0 . 6 0 . 6 2 0  0 0 0 0 

3 Fcbryary 0 0 0 0 0 0.2 1.5 0.3 0 0.01 0.08 0 0 0 0 0 0.5 0.05 0 0.6 0.08 0 0 0 .  0 0.190.03 0 
4 / 

Sacramento 

January T 0 T 0.06 0 0 0 0.12 o o o o o 0 o o o 0 '  o o o 0.25 0.41 0.79 0.43 0 0 0 0 0 0 

February 0 0 0 0 T 0 . 8 2 0 . 6 7 0 . 2 3  0 0.03 0 0 0 0 0 0 . 0 9 0 . 5 4 0 . 0 1 0 . 5 4  0 0 . 0 3 - 0  0 0 0 0.19 0 0 



Table 6. Summary of the number of days that the California DFG water quality criteria for protection of freshwater aquatic life 
were exceeded in the Sacramento Basin during the 1994 orchard dormant spray- season. DFG 'recommends that the acute criterion 
may be exceeded for one hour and the chronic one for up to 4 days once every three years without causing ecological damage. 

Location First Storm Second Storm Third Storm All Storms 
(days) (days) (days) (days) 

Acute Chronic Acute Chronic Acute Chronic Acute Chronic 

Sacramento R. @ Sacramento 5 11 4 6 0 2 9 19 

Sacramento R. @ Colusa 1 5 2 6 1 1 4 12 
- - 

Feather R. @ Yuba City 4 5 2 4 0 0 6 9 

Feather R. HWY 99 4 8 2 7 0 0 6 15 
0' 

- 

Sacramento S1. @ Pass Road 5 5 7 8 5 6 17 19 

Sacramento S1. @ Karnak 7 8 8 8 5 7 20 ' 23 

Colusa Drain 1 5 5 - 5 2 - 7 - 8 17 
i 

- 



Table 7. Diazinon concentration and loads in the upper Sacramento River Basin during the third storm of 1994. The distance 
(miles) and travel time (days) between each site and the City of Colusa are indicated in the last two rows. Blanks indicate that no 
sample was collected. 

'ELISA detection limit. 

'Assumes a travel velocity of 3.0 miles per hour (Department of Water Resources, 1962). 

b 

Diazinon concentration (nglL;) I diazinon load (kglday) 

Tehama 

1201 

501 

- <301 

< 301 

85 

1 

Red Bluff 

8011.8 

101 

1 

Date 

17 Feb 

18 Feb 

19 Feb 

20 Feb 

21 Feb 

Distance 
(miles) 

Travel time 
(day s)2 

Bend 

< 30'1 

< 301 

< 301 

114 

2 

Vina 

16814.5 

12014.3 

< 301 

6512.3 

74 

1 

Ilamilton 

501 

1341 

301 

701 

55 

1 

Ord Bend 

< 301 

9013.5 

3611.1 

10014.4 

/ 40 

1 

Butte City 

11014.1 

25 
A 

0 

Colusa 

1710.3 

4114.6 

4011.4 

3311.1 

10515.4 

0 

0 



Figures 
\ 



Figure 2.1. The Sacramento Valley 

May 2002 



Figure 1. Map of sampling sites (not to scale). Primary sites are numbered 1 through 7, secondary sites are 
numbered 8 through 22. S e  text for description of the sampling strategy. 



Butte Colusa Glenn 
Figure 2. Summary of diarinon use on stonefruit and almond 
Regulation (1997). 

Sutter 
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- 94. Data from the Department of Pesticide 



Colusa Colusa Drain Sacramento SI. Feather River Sacrarnen to . 
(Site7) (Site 6) (Site 4) (Site 2) (Site 1) 

Figure 3. Diazinon concentrations (ng/L) in the Sacramento River at Sacramento and in principal tributaries draining 
orchard areas during dry weather in 1994. The two horizontal lines at 40 and 80 ng/L are the California DFG acute and 
chronic water quality criteria for protecting aquatic life. 



Butte Creek @ Pass Rd 
.I Sacramento Slough @ Karnak 

Figure 4. Con~parison of diazinon concentrations 'at Karnak on Sacramento Slough (Site 4) and 36 miles upstream at Pass Rd. 
(Site 5) during dry weather. The two horizontal lines at 40 and 80 ng/L are the DFG acute and chronic water quality criteria 
for protecting aquatic life. 



. Colusa Drain (19 gfday) 
3% 

Sver (196 glday) 

(258 gfday) Colusa 
37 % 

Sacramento Slough (22 1 gf day) ' 
32 % 

Figure 5. Average percent contribution of diazinon to the Sacramento River at the City of  Sacramento from principal waterways 
draining orchard areas during winter dry weather periods. 



El Bu'tte Creek 
R Sncrn~l~en to 

: @ Pass Rd 
Slo~~yb @.Knrtlnk 

Figure 6. Comparison of diazinon loads (glday) during dry weather at Karnak on Sacramento Slough (Site 4) and 36 
miles upstream on Butte Creek at Pass ~ d :  (Site 5). 
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15 30 14 
January February 

Figure 7. Rainfall (inches), 'flow (CFS), and diazinon concentration (ng/L) for the Sacramento River at Sacramento in 1 

January and February 1994. 



Figure 8. Rainfall (inches), flow (CFS), and diazinon concentration (ng/L) for the Sacramento River at Colusa in 
January and February 1994. 

January 
14 

February 



First Storm 

Colusa Colusa Drain . Feather R. ' Sacramento S1. Sacramento 
. (Site 7) (Site 6) (Site 2) (Site 4) (Site 1) 

Figure 9. Diazinon concentration (ngIL) in the Sacramento River and in the principal orchard tributaries between the Colusa and 
sacramento for the first storm (January 24 - 28). Upstream sites are listed to the left. The two horizontal lines at 40 and 80 nglL are 
the DFG acute and chronic diazinon water quality criteria for protecting aquatic life. Blanks indicate absence of data. Astericks are 
for values less than the ELISA detection limit (30 nglL). 
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Second Storm 

Site 11 Site 10 Site 3 Site 9 Site 8 Site 2 

Third Storm 

Figure 10. Diazinon concentration in Feather River watershed during each of three storms. Downstream 
sites are listed to the right. The two horizontal lines at 40 and 80 ng/L are the DFG acute and chronic 
diazinon water quality criteria for protecting aquatic life. Blanks indicate absence of data. Astericlcr 
indicate that diazinon concentration were bdow the ELISA detection limit (30 ng/L). Note that diadnon 
concentrations are on a log scale. See Figure 1 for site locations. 



I Site 15 Site 5 Site 14 Site 13 Site 12 , , Site 4 I 

4 Site 15 Site 5 Site14 , Site13 Site 1,2 ; Site 4 
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Third Storm 
loo00 

B 17-Feb 

loo0 181 18-Feb 

100 
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1 

- 

I J 
/ / Figure 11. Diazinon concentration in Butte Creek, Sacramento Slough, and their tributaries during each of 

three storms. Downstream sites are listed to 'the right. The two horizontal lines at 40 and 80 n g n  are the 
DFG acute and chronic diazinon water quality criteria for protecting aquatic life. Blanh indicate absence of 
data. Astericks indicate that djazinon concentration were below the ELISA detection limit (30 ng/L). Note 
that diazinon c,oncentrations are on a log scale., See Figure 1 for site locations. 
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First Storm: January 

Colusa 

El Colusa Drain 

Ed Feather R. 

RI Sacramento S1. 

- .  

Predictecl / Measured Predicted / Measured Predicted / Measured Predicted / Measured 
26 27 28 29 - 

Figure 12. Predicted and measured diazinon mass load (kglday) in the Sacramento River at Sacramento during ~anuaG 24 to 28 
rainfall event. Predicted values were estimated by summing the mass load from tributaries after accounting for travel times. 
Travel time estimates are in Table 4. 



First Storm 
El Yuba City 
I H w y  99 

loo0 

loo 
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2 1 
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Figure 13. Comparison of Feather River diazinon loads at Yuba City and at Hwy 99 for each of 
three storms. The load estimate at Yuba City was lagged by a day to account for the travel time 
between the two locations. Note that diazinon loads are on a log scale. 



First Storm 1 
Butte Creek @ Pass Rd 
Sacramento Slough @ Kmak 

29 30 ' 

Second Storm 

9 10 11 .' 12 13 14 

February 

Third Storm 

20 2 1 22 
February 

Figure 14. Comparison of diazinon loads at Pass Road and at Karnak in Sacramento Slough for each of 
three storms. The load estimate for Pass Road was lagged by two days to account for travel time 
between sites. Note that diazinon loads are on log scale. 



Second Storm 

Colusa Colusa Drain Feather R. Sacramento S1. Sacramento 
(Site 7) (Site 6) (Site 2) (Site 4) (Site 1) 

Figure 15. Diazinon concentration (ng/L) in the Sacranlerlto River and in the principal orchard tributaries between Cities of 
Colusa and Sacramento for the second storm (February 6 to 11): Upstream sites are listed to the left. The two horizontal 
lines at 40 and 80 ng/L are the DFG acute and chronic diazinon water quality criteria for protecting aquatic life. Blanks 
indicate absence of data. Astericks are for values less than the ELISA detection limit (30 ng/L). 
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Second Storm: February 

Colusa. 

Predicted 1 Measured 

Colusa Drain 

Feather R. 

sacramento S1. 

Predicted I Measured Predicted 1 Measured 

Figure 16. Predicted and measured diazinon mass load (kglday) in Sacramento River at Sacramento during 9 to 13 February. Predicted values were 
estimated by summing the mass load from tributaries after accounting for travel times. Travel time estimates are presented in Table 4. The results 
suggest that the major source of diazinon in the Sacramento River at Sacramento originated from both Sacramento Slough and ab,ove Colusa. Flow 
data were not available for Feather River on 9 February. 



Third Storm 

Colusa Colusa Drain Feather R. Sacramento Sl. sacramento 
(Site 7) (Site 6) (Site 2) (Site 4) (Site 1) 

Figure 17. Diazinon concentrations (nglL) in the Sacramento River and principal orchard tributaries between Colusa and 
Sacramento for the third storm (February 17 to 24). Upstream sites are listed to the left. The two horizontal lines at 40 and 
80 ng/L are the DFG acute and chronic diazinon water quality criteria for protecting aquatic life. Blanks indicate absence of 
data. Astericks are for values less than the ELISA detection limit (30 ng/L). 



. .. Third Storm: February 

Colusa 

Colusa Drain 

Feather R. 

El Sacramento S1. 

&edicted I Measured Predicted I Measured . Predicted I Measured Predicted / Measured Predicted I Measured Predicted / Measured 

19 20 2 1 22 23 24 . 
Figure 18. Predicted and measured diazinon mass load (kglday) in Sacramento River at Sacramento during 19 to 24 February. Predicted values 
were estimated by summing the mass load from tributaries after accounting for travel times. Travel time estimates are presented in Table 4. The 
results suggest that the largest source of diazinon in the Sacramento River at Sacramento was from above Colusa. 



I I 
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Second Storm 

Colusa Colusa Drain Feather R. Sacramento S1. Sacramento 
(Site 7) (Site 6) . . (Site 2) (Site 4) (Site 1) 

Figure 15. Diazinon concentration (ng1L) in the Sacran~ento River and in the principal orcliard tributaries between Cities of 
Colusa and Sacramento for the second storm (February 6 to 11): Upstream sites are listed to the left. The two horizontal 
lines at 40 and 80 nglL are the DFO acute and chronic diazinon water quality criteria for protecting aquatic life. Blanks 
indicate absence of data. Astericks are for values less than the ELISA detection limit (30 ng1L). 
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Table l..Primary sampling sites, description of their location, and rationale for selection. 

Site No. Location Sampling Site Description Sampling Rationale 
?;J& , ,' .'.. .-. ---, 

,;l ( 1) '?~i 
Sacramento R. @ City of Sacramento Tower Bridge at Capitol Mall Integrates all inputs from the Sacramento Basin. 

~,, '. -..,' ~ Y ~ G C / / J ~ Y ~ ' ~ ~ -  w- ' z @ . ~ Y - ~ o ~ ~ o Y ~ ~  
4- 

Feather R. @ Hwy 99 Hwy 99 Bridge Integrates all upstream inputs to Feather River. 
,,/" (/ck3/ sir/1/2d03k-('Y. 

3 Feather R. @ Yuba City West bank below Hwy 20 Bridge Integrates all inputs from-upper Feather River 
, s t r y  rS81 GE23 Basin except Jack Slough. Source of Yuba City 

drinking water. 

m 
o {J 4 @ Sacramento SI. @ Karnak 5*/M 114°3rm Bridge off Ely Rd. Integrates all exports from Butte Slough. 

I' . . 

~ l p u j h .  L ~ M  - ~ 

. . . . 

Butte Greek @ pass Rd , . 
. . .. pass ~ o a d  Bridge Inputs from Chico area carried down Butte 

S I ~ I L  t U O l E 3 . 1  . '  .; Creek. .J 
-.-- 

. . 

Colusa Drain @ Knights Landing Road 99 E Bridge 
38' '+~'Ys' '  I 2 I O f + 6 '  13" 

5 7 / ~ 1 i ~ o i ! € o B  

input; from orchards along Coastal range 
draining to Colusa Drain 

Sacramento R. @ City of Colusa ~ r i d ~ e  on River Road at City of Inputs from all orchards located along the upper - 
3 9 . 1  2 'g1" Colusa River above Colusa including inputs from the 
12 l "AT I 3-7 Chico area. 

o d t V 1 - 6 d  0 1 ~ 2 7  



Table 2. Secondary sampling sites. 

Site No. Location Tributary to: 
7 - 

f / c l c c / C u  . 13d 0.zG03 
8 Bear River @ Beny Rd. Feather .River 

Yuba River@ M y d q  o o B ,  ,, 
" 63 : L , D ' 3 L f 1  7511 

Feather River 

10 Jack S1. @ 14th Street in Marysville , , Feather River 

11 Honcut Ck. @ Chandler Rd. \ Feather River 

12 Sacramento Outfall @ DWR pumping plant Butte Slough 
on Sacramento Rd. S ~ ~ [ ( ~ - & J  ? 

13 Obanion Outfall @ DWR pumping plant on Butte slough 
Obanion Rd. 

14 Wadworth Canal 6 Franklin Rd. Butte Slough 

15 Main drainage canal to Cherpkee Canal @ Butte Slough 
Colusa Hwy . ' , 

* 

16 . Butte City @ Hwy 162 Bridge Mainstem Sacramento River 

17$4'" Ord Bend @ Ord Bend Road Bridge Mainstem sacramen& River 

18 Hamilton @ Hwy 32 Bridge Mainstem Sacramento River 

19 Vina @ South Avenue Bridge Mainstem Sacramento River 

20~&~'rehama @ Aramayo Way Bridge Mainstem Sacramento River 

Red Bluff @ Balls Ferry .Bridge Mainstem Sacramento River 

22 Bend @ Bend Ferry Road Bridge Mainstem Sacramento River 



Appendix B: Qualiiy Assuraxice and Quality Control 
Tables and Figures 



GC/MS at both the USGS Central Laboratory and at Sacramento, and at UC Davis by ELSA. 
The mean percent difference 

Feather &vet @ Yuba City 

GC(Sac) 

293 
782 

379 

150 

- 
I 

Location 

171 
63 

38 

Site 
2 

i 

36 1 55 
66 1 34 

I 6 
1 %  
I 55 

150 1 40 

100 I 0 

3 

GC(Co1o) 
40 Feather River @ Hwy 99 

Date 
01/04 
01/25 
01/26 

01/26 
01/27 
01/27 
01/28 
01/28 
02/08 

02/09 
021 13 

96 difference* 
25 

01/04 

01/24 

01/25 
01/27 

01/28 
02/08 
02/09 

* percent difference is (high-Iow)/highx100 
6 3 

86 

89 

106 

104 

1120 

502 

- 
30 
30 
110 
60165 

44 

44 
88 
88 
130 
130 
1400 
1400 
440 

- --- - 

Sacramento Slough @ Kamak 

EE.,ISA 
30 

2701260 
960 
960 

4201460 
4201460 
4401450 
4401450 
155 
145 

\ 140 

16 

100 
160 
95 
85 
90 
100 

I 10 
1 19 

760 1 21 

1 14 

4 82 1 63 

1 6 5  
87 1 21 
93/83 I w 

1 51 
89 I 5 1 

1 17 
130 1 32 

1 20 
140 1 7 

370 

01/12 
01/12 
01/17 
01/21 

01/24 
01/24 

01/25 
01/25 
01/26 
01/26 
01/27 
01/27 
01/28 

1400 

16 

20 
0 

12 

1 6 6  
180 1 60 
140 1 10 
110 1 24 
21 1 85 

1 



1 ame 1. (conrlnuea) 
Location 

Buas Creek at Pass Rd. 

Colusa Drain 

- - 

* percent difference is @igh-low)/highx100 

Site 
5 

I 

6 

-- - 

Date 
01/04 
01/12 
01/24 
01/24 
0 1/25 

. 01/26 
01/26 
0lm 
01/28 

02/04 
02/08 

02/09 

02/10 
02/11 

' 02/12 
02/13 
02/17 
02/20 

02/21 

13 
8 

0 1/24 
01/24 
01/26 
01/26 
01/27 
01/27 

' 01/28 
01/28 
01/31 
02/08 
02/09 

02/10 
02/11 

02/12 
02/13 
02/14 
02/17 
02/18 
02/19 
02/20 
02/21 

52 

U S A  
28 

I 35 
145 
145 
180 
300 
300 
230 
190 
125 

10oO. 
330 
300 
180 
170 
450 
180 
165 
80 

Sac. River @ Cohua 

30 

30 

I 30 
30 
42 
42 
48 
48 
42 ' 

360 
210 
350 
380 
230 
420 
81 
38 
30 
30 
57 
65 

0 1/24 
a 01/24 

7 

GC(Sac) 

79 
105 

226 

353 
219 
161 

62 

36 

42 I 

60 

55 

- - - - - 

1 

160 
60 

GC(Co1o) 
57 

110 

350 

lo00 
280 
240 
160 
150 
160 
I& 

1 81 
110 

55 

% difference* 
51 
56 
28 
24 
20 
14 
15 
5 
15 

50 
0 

15 
20 
11 

12 
64 
22 
51 

27 

36 

53 

180 

53 
49 
300 

170 

- 
340 
360 
22 
120 
84 
49 
54 
44 

41 
80 

17 
17 
29 
43 
30 
n 
13 
9 
14 
17 
19 
3 
5 
90 
71 
4 
22 
44 
32 
28 

19 



33 
25 

Bear River 

Yuba River @ Miuysville 

W? Pump Plant @ Obanion Rd. 13 01/04 280 130 1 54 

01/24 115 122 6 

Honcut Creek 

8 

9 

Wadsworth Canal 

25 
3 

01R4 
01/04 

0lh4 

02/09 

150 11 1 01/04 

I 0 1/24 

* percent difference is (higMow)/highxlOO 

14 

203 135 
160 

35 
- 

48 
190 

120 

200 
731130 

01/04 
01/24 
01/24 

2 

105 

27 

99 

700 
1250 
1250 

569 
170 

740 

76 

54 

, 41 



A 4 U 1 C  I. \LUULLUUNJ I 

Location 
Wadswortb canal 

72 
1 

10 

3 1 
20 

8 - 

32 

10 
28 

Main Drainage Canal 

* percent difference is (high-low)/highx100 

Site 
14 

Butte City 64 

Hamilton 

200 

1500 
2900 
lo00 
550 
230 

360 

180 

59 16 

38 

% difference* 
58 
10 
26 
14 
2 
24 
0 

1342 

I 

15 

83 18 I ,02/18 

GC(Co1o) 
4800 

2000 
140 

mnao 
430 
220 
550 

02/18 

230 

GC(Sac) Date 
02/08 
02/10 
02/17 
02/18 
02/19 

- 02120 
02/21 

01/04 
01/24 
01/24 
02/08 

02/09 

- _ _ _ C _ _ -  
02/10 
02/17 

155 

ELlSA 
2000 
1800 
190 

3101330 
420 
290 
550 

57 
1350 
1350 
2000 
800 

L600 
340 

1 02/18 
02/19 

400 
951 16s 



TabIe 2. Difference in diazinon concentration (ng/L) of split surface water samples analyzed by 

*percent difference is (high-low)mighx 100 

GCMS at both the USGS Central Laboratory and at Sacramento. The mean percent 
difference was l9 percent. 

I 
DWR Pump Plan- ~ d . 1  12 

I 
01/24 

01/24 

01/24 

Wadsworth Canal 

Main Drainage Caoal 

14 

15 

290 

740 

1500 

I 
230 1 21 

569 

1342 

23 

11 



Table 3. Percent recoveries using GC/MS of 164 deuterated diaziuon amendme 
into separate samples of laboratory water at USGS Central Laboratory. Mean 
95 percent. 



Table 4. Differences in diazinon concentration (ng/L) of the same field sample 
analyzed twice at UC Davis by ELISA. The mean percent difference was 20 percent. 

Feather R.@Hwy 99 

split 2 
33 
43 
30 

split 1 
28 
42 
32 

location 
Sac R. @ Tower Bridge 

Sac Slough @ K ~  

% difference* 
18 
2 
6 

2 

Sac R.@Colusa 

site 
1 

4 

Honcut Creek 

I I 1 I I 
Main Drainage Canal I . 15 021 19 95 165 I . 74 .: 1 
* percent difference is (high-low)/highx100 

date 
01/19 
01/24 
02/02 
02/17 
02/23 

02/25 
02/27 
02/28 

7 

O'Banion 

Wadworth Canal 

0 l n l  
02/14 

11 

28 
53 

270 
420 

, 440 

I 

02/20 I 41 
I 

13 

14 

60 
250 

01/24 

32 
49 

260 
460 
450 

30 

14 
8 

4 
10 
2 

65 
300 

27 

73 

I 

8 
20 

270 

330 

WI7 

02/18 . 

130 

21 . - 

6 

340 

3 10 

;' 78 
-,:.- 



I 

Analysis at Sacramento Laboratory 

Figure 1. Correlation of diazinon concentratidn (ngn)  in surface water samples analyzed by GCIMS 
at the USGS Central Laboratory and at Sacramento. Data are presented in Table 2, Appendix B- 

1 



0 = Sacramento Lab 

Figure 2. Correlation of diazinon concentration (ng/L.) in swface water samples analyzed at the 
USGS Central Laboratory and at Sacramento by GCIMS, and at UC Davis by ELISA. 





Appendix C: Summary of Diazinon Concentration and Loads 



bdt = below €USA (QO ngR) d m n  limit; blank = not Ampled 



Sire3:  FcarhuR . GCIMS' GClMS Sita 4: 
sacnuncam . @ Yuba Ci Arvada Sacrame~m 

- Averaqe , @ ICarnal: EUSA Colorado Califorah A- 
- 

-I I I a I - 
4 16 J 36 1 26 4 1 180 ,. 1 I I I 8 f l  
5 I t 5 I I I 1 loo 
L 1 1 L I I I I 

1 1  1 1 I I 

12 1 30 I 82 1 86 1 66 
13 I I I I 
14 I 1 I I 
15 1 I I I 
16 I I I I 
W 1 110 I 87 1 I 985 
18 1 I I I 
19 I ' I  I I 
20 I I I I 
2 1 1 aOf6S 1 83/93 I 1 7 5 3  
22 I I I I 
23 I I I I 
74 I 4 4  1 8 9  1 8 9  ( 7 4  
25 1 88 ( 130 ( 106 1 108 ( 
26 I 130 1 140 1 10, 1 124.66 1 
27 1 1400 1 1400 I 11-0 ( E06.66 
28 1 440 1 MO 1 So? ) 52733 ' 

29 1 500 1 590 1 1 545 
30 1 320 I 410 1 I 3 5  1 
3 1 1 175 1 320 I ( 1473 I 
Feb l I I I I 

2 I I I I 
3 I I I I 
4 1 80 1 180 1 86 1 11533 
5 I I I I 1 
6 I I I I I 
7 1 9 0 1  I 1 9 -  
8 1 9 0 1  I 1 9 .  
9 1 160 1 I 1 160 _ 
I0  I 1 1500 1 I L.5 _ 
11 1 800 1 0 I I 825 
12 I 5w I JXJ 1 I 
1 3 '  1 500 1 7 s  1 1 395 
14 I ~omo I 20 I 1 ~ 3 3  I 
15 I I I I 
16 I I I 1 
17 1 290 1 170 1 I B .  
18 1 9 5  1 1 8 0  1 1 b73 
19 1 90 1 I50 I I ml 
20 1 130 1 160 1 1 145 
2 1 I 190 I 170 I I Im 
22 1 65 I I I 65 
23 I 77 t I I T  
24 I I I I 
25 1 I I I I 
26 I I I I 
27 I I 1 I 
28 1 9 0 1  I I w 

Mar 1 I I I I 
2 I I I I 
3 I I I I 
4 1 44 I I 1 %  

bdt = belaw €USA (00 ng/L) demon blank = not sampled 



Table 1. (continued) 

3 I I ' I  I 
4 I bdr ' - I bdf 
S 1 41 4 1 
6 I 

7 I 7 '  I 
R I R I 1 

I 

. . I I 

17, 1 35 1 1 79 1 57 I:! I bdt 1 I 8  I U] 19 
13 I I 13 1 I I 
14 I-- 14 I I I 

t 15 I 15 I I I I 
1 

Site 5: Bum C~C& 

Darr 

9-0 I I I 20 I I '  "I I 
9- 1 21 I bdt 1 36 1 . ' 1 36 -- I I I I 

16 I I I 1 
17 1 48 I 1 48 
18 % I I I I 

I 19 - ' I  I I I 

I GCIMS 
ANada 

Colorado 
I 

16 I I 1 I 
\7  1 bdt 1 7  1 1 17 
IS I ' I I I 
1 I 

3 I I I I 4 
1 bdt 1 3 ,  25 1 3  I 

, , - I I I I 
a 23 I I I I 

' 24 1 145 1 110 1 105 1 120 
3 I 180 I 0 
26 1 300 I 350 1 353 1 334.33 
17 1 230 1 1 119 1 794.5 
28 1 190 I 1 161 1 175.5 

77 I I I I 

3 I I I I 
24 ( 30 1 36 1 36 1 34 
25 I bdt 1 60 1 30 I 45 
26 1 30 1 53 1 42 141.66 
27 ( 4 2  1 1 8 0 1 6 0  1 %  
28 1 48 1 53 1 55 1 52 

Av- 

6 I I I I 
7 11 I 150 
8. ~ 1 
9 1, 330 1 180 1 1 305 
10 1 300 1 240 1 1 270 
I I 1 180 1 160 1 1 170 
12 I 170 I 150 I I 160 
13 1 450 1 160 1 1 305 
14 ' I 6 3  I 1 I 

6 1 I I I 
7 I bdt I '  I I bdt - 
8 I 360 1 300 1 I 350 
9 1 210 1 170 1 1 1% 
10 I 350 1 340 I 1 345 
11 1 380 1 360 I 1 370 
12- 1 u o 1 r  I 1 126 
13 1 420 1 120 I I 270 
14 I 8 1  1 8 4  1 1 82-5 

1 

bcft = below EUSA (cjg ngR) detection limit, blank = not jampled 

s i  &- 61m 
Drain 

Data 
ELJSA 

GClMS 
Sscramtato 
Cdifornia 

16 I I I I 
17 1 38 1 1 \ 4 9  1 1 435 

18 1 30 1 54 1 1 42 
19 1 3 0  1 44 1 1 37 
0- 20 1 49 

2 1 1 65 I 80 I 1 725 
22 I bdt I I I bdt . 
23 1 125 1 I .  1 125 , 

24 I I I I 
25 1 1 I I I 
26 I -- I I I 

1 I 1 I 

16 I I 1 I 
17 . I 180 I 140 I 1 160 
18 I loo I I I 100 
19 1 120 1 I 1 120 
20 1 165 1 81 1 I 123 

z/ Mar 1 I 

2 
3 I I 
4 45 1 45 

Avaaqo 

21 I SO I 110 
22 I 30 I 
23 1 bdt 1 
24 1 I 

27 

, 28 

I I I 1 

I bdt I I 1 bdt 

Mar I I I I I 
' 2  I I 
3 I I I 
4 1 bdt 1 I bdt 

GC/MS 
Anad. 

Colonufo 
I 

I I 95 
1 30 
1 bdr 
1 1  

GUMS 
S a a a m w  
Cdifornia 

25 I I I I 
26 I I I I -- I 



bdt = below EUSA (-30 ngn) detection limit; blank = not sampled 



Table 1. (continued) 

Sita 9:Yuba River j Q Marysvillo 
EUS.4 

Darc 

16 I I I I I 

17 1 230 1 210 I 1 210 1 
18 ( a 1 1210 1 1 310 

19 1 7 3  1 1 9 0  I  1 140 

20 I 220 1 32160 1 1 137.33 1 
21 I I I I I 
21 I I I I  
23 I  I  I  I 1 
24 I I I I 
25 I 1 I I I  I 
26 I 1 I I 
27 I 1 1 I 
28 1 I I  1 

I 
I 

Mart 1 ,  I I 
2 I I  2 I I I  I I 
3 I I I 3 I I I  I I 
4 I I , 4 I I I I 

GC/MS 
Arnula 

Colorndo 

.2 I I I 

7 I I I I I 
8 I b c Z c I  I I bdr 
9 1 1 9 3 1 2  1 I 96 
10 I b& 1 I I bdr 

bdt = belaw ELISA (00 @&) dewon limit blank = not sampled 

Jan 1 I I I I 
7 I I 1 

bdt 
5 

4 
5 
I: 

7 I I l l  I I 
8 1 330 1 6M I  1 
9 1 290 1 150 1 - -  1 265 1 
10 1 300 1 I90 I  1 245 1 

I 

G W  
Sacramato 
OJifomia 1 47 1 U S A  ~ & ~ o ~ a ~ k ~ A m v /  

J I , . ! I 

4 1 95 1 200 1 1 147.5 
* , 5  I I ,  
I I 

I 
I 

I 
I 

ban 1 1 
1 5  
I 1 

Avcraec 

 sir^ IOJ& 
Slough ,Attvada Saaamcnm 



bdt = below ELlSA (00 n&) d e w o n  lime blank = not sampled 
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Sib 13: DWR 
Pump .Fmt @ GUMS GClUS S i i  14: 

Ansda SMamenro Obanlon EUSA , Colorado . California Aveagc 
Waacwo*- 

EUSA 
Dart Dare I I 

bctt = below EUSA (a nfl )  d e w o n  fmir blank = not sampled 



bdt = below EUSA (00 n&) d e w o n  IiM bhnk = nat sampled 



bdt = below ELlSA (-40 ng/L) detection &nii blank = not sampled 



Table 2. Diazinoa mpn loading dculation. One U P  the EL;ISA detodiao limit (M ng/u was ll~ll tn esnmau 1 O a 5  w n t ~  UG 

cnncenatian was below d e t t u i o a  
r 

S i k  1: Tower Dirzimn Dicdr~m 
Bridge @ cc~ccllkrtion SyLFad~erR , . -  2.445 x 10. 

Smamato (a&) Dkhvga Concentration = Dicdaoa 0w99 (6) Dirfurgo Collccntrati 
'Avaaqe (di) x Dis~hnrgc g / d n  'Avemgc - 

/ I I I I Jan 1 
1 I 1 1 

V 

7 I I I 1 
8 I I 1 I 
9 I I I I 
10 I I I I 
I I I I I I 
12 ( 44 1 3P7 1 141988 1 347 . 
13 I I I I f 
14 I I I I I 
14 I I I I 
16 I ' I I I 
17 I 36 1 3186 1 1146% 1 2SO 1 
18 1 I I I 1 
19 I I f I 1 
10 I I I I I 
'7,l I Ml 1 336 1 4854 1 119 1 
?2 I I I I I 
-23 I I I I I 
4 I Mt 13074 146110 1 113 1 
5 1 165 1 I I I 
16 1 834 1 14943 1 12462462 1 20471 1 
27 I 4073 1 bL14 1 1624319 1 6416 1 
28 I 3 1 73z2 1 rrrt?-10 I 5460 I 
19 1 30 I I I t 
30 I Mt I I I I 
'31 1 Mt I 3739 1 56085 1 137 1 

Feb 1 I I I I I 
2 I I I I 1 
3 I I I I 
4 1 12 I 4 5  1 3 8 M  1 95 1 
5 I I I I I 
6 I I I I 1 
7 I bdt 1 3354 1 50310 1 123 1 
8 I 1475 1 I I I 
9 I 1273 1 8000 1 1 0 2 ~  I 14W I 
10 1 55 1 074 1 460570 1 1116 1 

- 1 1 -  I bdt 1 6705 1 1W75 1 246 1 
12 1 37 1 2659 1 135383 1 331 1 
13 I 843 1 5281 1 4251105 I la9 I 
-14 1 bdt 15197 177955 1 191 1 
IS I I I I I 
16 1 I I I 
17 1 58 1 4U36 1 Z4088 1 572 I 
-18 1 bdt 1 2 6 5 0  139750 1 K' 1 
'19 I bdt I 2734 1 41010 1 100 1 
20 1 30 1 4952 1 148560 1 363 1 
21 I bdt I3112 1 46680 1 114 1 
9 I Wt 16641 1100455 1 146 1 
?3 1 bdt I 6673 1 100095 1 245 ] 
24 I I I I I 
25 I I I I 1 
26 I I I I I 
27 I I I I I 
.28 1 bdt 3259 I 4- I 121 I 
Marl I I I I I 

2 I I I I I 
3 I I I I I 
4 I bdt I I I I 

No& Diazinon concentration werage derived from Table 1 .  
= la the ELISA detection limit for calculatjon when vdut found WM below &*tion limit (Wt). 



S i e 3 :  Fcsrha D*~ S i  4: Diazin~n 
R i v a  @ Yuba CDnCdon 

city 

Datr: 1 Dacc I I I 

No@: Diazinon concenvarion arerage derived from Table 1 .  
= 1/2 ELISA dcvnion limir used for cajcula~io~ when vdue found war below detection limit'(bdt). 

' 





Nee: Diazinon concentration rvcragc derived from Tablc 1. 
= in the EUSA detection Gmic used for caJmJation when value found was below &tation limit &dl). 



be: Diszinon concentration average dcrivcd fmm Tablc 1. 
' fa h e  EUSA dctstion limit uxd for calculation whea vduc found wan below dcktion limit (bdt). 



- 
D k b o a  Rault x Dinzinon R 4 t  x 

Site 19: Vim ~ o ~ ~ o n  2.445 x 10.3 s ; ~  21: ~~d muff-n 4-45 x 10-3 
( n 6 )  Dischargo 3occomuiot1- W i n  (n&) D i i  

'Avetagc icfs) x D-e IJdav xAvaase (cfs) x Disharpc 1 xf&v . 
Dare 1 

l' . . Dam I 
7 

-9 I I I I I 

29 I I I 1 I 
30 I I I I I 
3 1 I I I I I 

Note: Diazinon cbnccntrarian average dcriva! from Table 1. 
= !R drc EUSA derecrion limit used for dculacion when value found was bclow d-ion limit @dr). 

1B I I 

7-9 I I I I I 
30 I I I i I 
3 1 I I I I I 

Febl I I I I I I Fcbl I I I 1 1 

17, I I I I i  I 
I I 13 I I I 

14 1 
I5 1 
16 I 

f 12' I I 
I I I 13 I 

14 I I I I 
15 I I '  I ! I 
16 1 I I I I 
17 1 80 1 9250 1740000 1 1809 I 
18 I I I I I 

I I I 19 I 

20 I I I ! I 

1 I I 1 2 1 I 
22 I I I I I 

I 23 I i I 
1 24 I I I 

7J I I I I I 
26 I 1 I I I 
27 I I I i I 
1 28 I I 

Mar l  I I I I I 

2 I I I 1 I 
3 I I I I I 

I 1 I 
I I 
I I 

4 I I 

17 , ( 167.5 1 11038 1 184886.5 1 4520 
I8 1 119.5 1 14559 1 1739800.5 1 4254 

I bdt 1 11046 1 165690 1 405 *I9 

I I 

7-0 I I I 
21 1 6s 1 14325 1 931125 
21 I I I 
73 I I 1 

2277 
I 
I 

24 I 
25 I 

I 
-- 

26 
27 I 

I I 1  I 
- I e I 

I 
28 1 I I 

Mar 1 1 I 

I 

2 2 
3 I 
4 I I 1 I I 



Sib  ?2 Bend cancentration 

Dab I 
I Jan 1 I I I I I 

I 17 . I I 
r I 
- I Mt'. 1 9683. 1 145245 1 355 

I-- :'P I I I 

bdt .- 1 8690. 1 130350 1 319 

Nee Diaiinon concentration avaago derived from Table I .  
' 

a ELISA detection limit used for calculation when value found was below detection limit (bdt)- 

LU I I I I 
5 1  I bdt 1 10563. ) 158445 1 387 
2 I I I I 
23 1 I I I 
24 1 I I I 
25 1 1 I 1 
26 1 I I 
27 I I. I 
28 

Mar 1 
2 
Y 

I 
I I 
I I 
I 1 I 



Appendix D: Summafy of other chemicals detected in study 



Table 1. Sulll~rlnry of d l  pesticide colrce~rtratio~rs (11glL) rriensu~-ed above tlic U.S. Geologicnl Survey Arvndn, 
Colorado detection linlit. 

='intra laboratory split sample; blank = below detection limit 



Table 1. (cor~linued) 

= ilitra lahoralory split sample; blank = I)clow delccliori 111iiIl 



Table 1. (co~ltiuued) 

= 11iba laboratory split sainplo; blal~k = \)elow delccUot\ Iinlil 



Table 1. (conliuued) 

= inba laboratory split sample; blalik = below detection li~nit 



= lrltra laboratory split sample; blank = below detection limit 



* &'@ 

Csl~nl@Colusn l iwy 

--- 
Uulle Cily ---- 
-- 
1 lnc~~illocl 

I 

Villa : . 

- .. - .  

= lnlra laboralory split sample; blank = below deleclion lirnit 



Table 2. Pesticides identified in scan at USGS Sacramento Laboratory. Values are ng/L. 

Bear R.@Beny Rd. 

Yuba R.@Marysville 

Jack Slough 

Honcut Creek@Chandler Rd. 

8 

9 

10 

11 

02/04 

01/24 

01/24 

01/24 

0 1/24 

13 

203 

35 

767 

105 

91 

264 

82 

135 

2 1 

22 1 
I 

132 57 
I 

36 

1348 1102 



Table 2. (continued). . 

sit4 dPrr dk.laoll a o U h  arb&nn rlmulrw mM&bkm 

DWR Pump Plant@Sac. Rd. 

DWR Pump Plan@Obanion Rd. 

Wadsworth Cana 

Main Drainage Canal to Cherokee 
CanalWlusa Hwy 

49 

58 

55 

475 

272 

57 

200 

12 

13 

14 

15 

157 

41 

15 

45 

01/24 

01/24 

- 01/24 

I 01/24 

803 

30 

86 

230 

122 

569 

1342 


