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WATER QUALITY STUDY
OF
BRUSHY LAKE,
MONROE COUNTY, ARKANSAS

INTRODUCTION

In October, 1997 the United States Fish and Wildlife Service (Service) requested that the Arkansas
Department of Pollution Control and Ecology (Department) conduct a study to determine the
extent of possible contamination in the Brushy Lake Complex of the White River National
Wildlife Refuge.

The Service was concerned that the effluent discharge from Baird Manufacturing in Clarendon
may contain high concentrations of heavy metals and that these metals may be accumulating to
unacceptable levels in the sediment and aquatic biota of the Brushy Lake Complex. Brushy Lake
is in Monroe County, Arkansas approximately two miles south of the City of Clarendon.

CURRENT STUDY
Data Acquisition

The Brushy Lake Study was initiated on the morning of July 21, 1998 when fish were collected
from Brushy Lake and from First Old River Lake for the purpose of tissue analysis. In-situ
measurements, water quality grabs, dissolved metals and sediment samples were collected from
these lakes in conjunction with the fish collection. On July 27, in-situ measurements, water
quality grabs, dissolved metals and sediment samples were collected at three stations downstream
of Baird Manufacturing and at one upstream station that is not impacted by the discharge from
Baird. '

Parameters

The water samples collected were analyzed for dissolved oxygen, temperature, pH, 5-day
biochemical oxygen demand (BOD), total organic carbon (TOC), ammonia-nitrogen {NH,-N),
ortho-phosphorus (O-PHOS), total phosphorus (T-PHOS), Br, F, sulfate (SO,), C, total dissolved
solids (TDS), and total suspended solids (TSS). The water dissolved metals samples were analyzed
for aluminum, arsenic, barium, beryllium, boron, cadmium, calcium, total chromium, cobalt,
copper, iron, lead, magnesium, manganese, nickel, potassium, selenium, sodium, vanadium, zinc,
and hardness. The sediment and fish tissue samples collecied were analyzed for metals,
pesticides, and semivolatiles. Complete parameter lists for fish tissue and sediment can be found
in the appendix.



Collection, Preservation and Measurements

Water quality grab samples were collected, preserved, and analyzed according to the 18" edition
of Standard Methods for Examination of Water and Wastewater. Analysis was conducted under
ADPC&E’s existing Quality Assurance Program. Dissolved oxygen and stream temperature were
measured using an Orion Model 840 portable dissolved oxygen meter, which was calibrated
according to the manufacturers instruction prior to use. Stream pH was measured using an Orion
Model 230A portable pH meter, which was calibrated using buffer solutions of pH 4 and 7.
Water grab samples, dissolved metals and sediment samples were taken at three stations below
Baird Manufacturing: ®approximately 300 yds below the discharge of Baird Manufacturing in a
drainage ditch; ®in an unnamed channelized tributary to Brushy Lake, and @at the levee southeast
of Clarendon downstream of the sluice gate. A fourth stream sample was collected in the
channelized tributary upstream of the confluence with the drainage ditch that carries the Baird
effluent ( Figure 1). Lake samples collected during this study were collected in depositional areas
of Brushy and First Old River Lakes. Fish tissue. was collected using the Departments
electroshocking boat. Fish species targeted during the study were largemouth bass, Micropterus -
salmoides. Collections from each lake consisted of five adult bass not less than 12 inches in
length and another sample from each lake of bass greater than 16 inches in length. The edible
filets of each fish were removed, composited with the other fish of comparable size and analyzed
at the ADPC&E laboratory. Sediment collections were made using a petite ponar dredge (6 in
X 6in x 6 in). Several sediment grabs were collected from the depositional areas of the two lakes.
These grabs were composited forming one sediment sample per lake. Composited samples were
returned to shore where they were passed through a 2 mm sieve. This homogenized sample was
then sealed in a glass container and transported to the ADPC&E laboratory at <4 °C,

Station Description

Four stations were established in the unnamed drainage ditches and channelized canals in the study
area, with one station being located in each of the two area lakes. The station descriptions are as
follows:

Location of Sample Stations

Brushy 1 In the drainage ditch in the City of Clarendon that receives the Baird discharge.
Approximately 1000 ft downstream of the discharge of Baird Manufacturing
between Baird Manufacturing and Walker Street. Water quality, dissolved metals
and sediment.

Brushy 2 Channelized unnamed tributary to Brushy Lake. Approximately 0.5 miles north
of Walker Street upstream of the confluence with the drainage ditch containing the
Baird discharge. Brushy 2 is located upstream in the unnamed tributary for the
purpose of assessing the background conditions of that tributary. Water quality,
dissolved metals, and sediment.



Brushy 3 Channelized unnamed tributary to Brushy Lake. Brushy 3 is located south of
Walker Street downstream of the confluence with the drainage ditch containing the
Baird discharge. This station is approximately 1.0 mile downstream of the Baird
outfall. Water quality, dissolved metals, and sediment.

Brushy 4 Unnamed tributary to Brushy Lake. Brushy 4 is located approximately 2.0 miles
' downstream of the Baird outfall at the levee access southeast of Clarendon. The
sample was collected approximately 5 meters downstream of the levee sluice gate.

Water quality, dissolved metals, and sediment.

Brushy Lake At the mouth of the unnamed tributary where the tributary enters Brushy Lake.
This station is approximately 2.5 miles downstream of the Baird outfall. Water
quality, dissolved metals, sediment, and fish tissue.

First Old River Lake Reference station located at the north end of the western fork of First Old
River Lake. First Old River Lake is located 0.25 miles west of the City of
Clarendon, west of the White River. Water quality, dissolved metals, sediment,
and fish tissue,

Figures 1 and 2 provide the locations sampling stations.

DATA RESULTS
WATER QUALITY
Chlorides, Sulfates, and Total Dissolved Solids

Water quality samples taken at Brushy 1 had chloride concentrations of 1150 mg/L. The highest
chloride concentrations collected during this survey. The concentration further downstream at
Brushy 4 was 13.3 mg/L: The 1983 ecoregion data indicates a "background” level of 5 mg/L for
chlorides for small watershed streams. The chloride concentration in Brushy Lake does not reflect
the elevated values at Brushy 1. Samples taken in Brushy Lake indicated chloride concentrations
of only 3.24 mg/L. This compares favorably with chloride concentrations collected at First Old
River Lake (4.14 mg/L).

Sulfates were also found to be elevated downstream of Baird Manufacturing. At Brushy 1 just
downstream of Baird, the sulfate concentration was 767 mg/L. This is reduced to 3.41 mg/L
downstream at Brushy 3 and 14.6 mg/L at Brushy 4, Ecoregion data indicates a sulfate value of
3 mg/L for small streams in the Delta Ecoregion. Sulfate values for Brushy Lake (0.15 mg/L)
and First Old River Lake (2.06 mg/L) did not reflect the elevated concentrations below Baird
Manufacturing.
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Total dissolved solids concentrations were elevated similarly to the chloride and sulfate values.
Ecoregion data indicates TDS concentrations of 93 for Delta Ecoregion small streams. This
contrasts sharply with the values seen below Baird. At Brushy 1, the TDS concentration was
3005 mg/L. Below at Brushy 3 and Brushy 4, the concentrations were 330 mg/L and 256 mg/L,
respectively. TDS concentrations were also somewhat elevated in Brushy Lake (153 mg/L).
Although, this value compares quite well with the reference lake (173 mg/L).

Nutrients

The concentrations of nutrients collected below Baird Manufacturing were all very low. Ammonia
levels at all stations were well below the 0.30 mg/L concentration indicated by ecoregion data for
this size watershed. Nitrates were also equal to or below the ecoregion concentration (0,05 mg/L)
at all stations. Phosphorus values were also very low at all stations. However, the total
phosphorus concentration at Brushy 2 (0.53 mg/L) is elevated slightly above the ecoregion value -
of 0.28 mg/L. At Brushy 4, just above Brushy Lake, the total phosphorus concentration had
reduced to only 0.14 mg/L. Lake nutrient concentrations were comparably low. Complete water
quality data can be found in Appendix A.

Dissolved Metals

All of the water quality samples taken during this study were analyzed for dissolved metals. Some
samples contain elevated metals concentrations. Copper was detected below Baird at Brushy 1 and
Brushy 3 at concentrations of 13.9 ng/L and 11.5 ug/L, respectively. Copper concentrations
downstream in the tributary and in Brushy Lake, were below the laboratory detection limit of
0.5 wg/L. Chromium concentrations were slightly elevated immediately below Baird
Manufacturing. Chromium levels at Brushy 1 and Brushy 3 were 6.3 ug/L and 5.6 ug/L,
respectively. At Brushy 4, the concentration was 1.0 ug/L. The concentration was further
reduced in the Brushy Lake to 0.4 xg/L. This compares well with the chromium concentration
of First Old River Lake (0.5 ng/L). Manganese was present in elevated concentrations in all of
the water samples taken below Baird Manufacturing. Brushy 1 had a manganese concentration
of 485.5 wg/L. This elevation in manganese concentrations is still evident in the Brushy Lake
Complex. The water sample collected in Brushy Lake indicated Manganese levels of 402.5 ug/L.,
This differs greatly from the concentration in First Old River Lake ( 6.0 ug/L). Although the first
station downstream from Baird Manufacturing exhibited elevated manganese levels, it is
noteworthy that the highest concentration (577 1g/1.) was collected at Brushy 2. Nickel was also
found in elevated concentrations. The Brushy 1 sample yielded 8.2 ug/L nickel. Downstream
in Brushy Lake, nickel concentrations were below the detection limit of 2.0 zg/L. Vanadium was
detected below Baird at concentrations of 10.0 ug/L and 8.6 ug/L at Brushy 1 and Brushy 3,
respectively. Vanadium was not detected in Brushy Lake. However, it did occur in samples taken
from First Old River Lake. The zinc concentration at Brushy 1 (18.9 ug/L) was elevated 300 %
over the level detected in the upstream sample (5.5 ng/L). Zinc concentrations in Brushy Lake
and First Old River Lake were comparable with concentrations of 6.2 ug/L and-4.5 ug/L,
respectively. Boron and sodium were also found in noticeably elevated concentrations.
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At Brushy 1 and Brushy 3 boron concentrations were 400.9 wg/L and 377.4 ug/L, respectively.
Sodium concentrations at those stations were 814.4 mg/L and 654.5 mg/L., respectively. Calcium
was also present in elevated amounts. Below Baird Manufacturing at Brushy 1 and Brushy 3 the
concentrations of calcium were 222.4 ug/L and 198.0 »g/L., respectively. The elevated levels
of boron below the Baird facility could be attributed to certain types of cleaning agents. Elevated
concentrations of sodium and calcium are most likely resulting from compounds used in the metals
finishing process for such things as acid neutralization. Calculation of acutely toxic metals values
were accomplished using the metals criteria from Regulation No. 2 which were previously
promulgated in the National Toxics Rule. Using ecoregion hardness values for calculating toxic
levels as prescribed in the implementation procedure, none of the dissolved metals were found at
- toxic concentrations during this study. All metals data can be found in Appendix B.

SEDIMENT

Sediment samples were collected from unnamed tributaries at three locations downstream of Baird
Manufacturing. One additional sample was collected from the unnamed tributary upstream of
Baird. Sediment was also collected from depositional areas in Brushy Lake and in First Old River
Lake. Sediment samples collected were analyzed for pesticides, metals and semivolatiles.

Pesticides

The sediment samples collected during this study were analyzed for 48 specific pesticides or the
degradation products of pesticides. A complete pesticide parameter list can be found in -
Appendix D. Lake sediment collected during this study yielded only one detection. The sample
taken at Brushy Lake produced a DDE concentration of 0.004 ng/g. No pesticide detections were
noted at Brushy 1. At Brushy 2, the sediment contained 0.003 wg/g molinate and 0.553 ug/g
chlorpyrifos. Chlorpyrifos was the only detection at Brushy 3 (0.017 ug/g). This concentration
is considerably less than the value from Brushy 2 (0.553 ug/g). Brushy 4 had detections of six
very commonly detected pesticides. Molinate (0.002 ug/g), trifluralin (0.0002 ng/g), atrazine
(0.0011 ng/g), metolachlor (0.0025 ug/g), chlorpyriphos (0.0034 ng/g), and DDE (0.0017 ug/g).
It is not surprising that this station had the highest number of pesticide detections during the study.
Brushy 4 is in the unnamed tributary south of the City of Clarendon and receives irrigation water
and stormflow from approximately 100 agricultural acres. All of the pesticides represented at this
station (exception DDE) are commonly used agricultural pesticides sold as Ordram, Treflan,
Dursban, and Dual. Complete sediment pesticide data can be found in Appendix C.



Semivolatiles

The six sediment samples collected during this study were analyzed for 85 semivolatile
compounds. These 516 analyses yielded 92 detections for semivolatile compounds. Ten
semivolatile compounds appeared below the Baird Manufacturing facility at Brushy 1 but did not
occur at the upstream station Brushy 2:

Acenaphthene Flourene

Benzo(a)anthracene Benzo(b)fluoranthene

Benzo(a)pyrene Indo(1-2-3-cd)pyrene

Di-n-butyl-phthalate Chrysene r
Bis(2 ethlyhexyl)phthalate Benzo(g-h-i)perylene

Acenapthene was detected at Brushy 1 at a concentration of 0.0181 wg/g and was below the
laboratory detection limit of 0.00058 wg/g at Brushy 2. This compound was also detected
downstream at Brushy 3 (0.0022 xg/g) and Brushy 4 (0.0010 wg/g) although it was not detected
in either lake sample. Flourene was also found at Brushy 1 (0.0512 ug/g), Brushy 3 (0.0029
wg/g) and Brushy 4 (0.0012 ug/g). However, it was not detected at the upstream station Brushy
2 or in either lake sediment samples. The concentration of benzo(b)flouranthene (0.6266 ug/g)
at Brushy 1 was.the highest semivolatile concentration detected during this survey. It was also
present at Brushy 3 (0.0904 ng/g) and at Brushy 4 (0.1298 ug/g). The concentration of
benzo(a)pyrene at Brushy 1 was 0.3452 ug/g, 0.0454 ug/g at Brushy 3 and 0.0376 ng/g at Brushy
4. Again, neither benzo(b)flouranthene nor benzo(a)pyrene occurred at Brushy 2 or in either lake
sample. The chrysene concentration at Brushy 1 was 0.4586 ug/g this was reduced to 0.0424
ugl/g and 0.0464 ng/g at Brushy 3 and Brushy 4, respectively. Although chrysene was not
detected downstream in Brushy Lake, it was present at a concentration of 0.0049 ug/g in the First
Old River sample. Bis(2 ethylhexyl)phthalate was present at Brushy 1(0.2186 ng/g) and also in
all downstream stations including the Brushy Lake sample (0.1574 ug/g). This compound was
also detected in the First Old River Lake sample, although the concentration (0.03166 ng/g) was
the lowest of the six stations. The 92 semivolatile compound detections from this study were all
of very low concentration. Only one semivolatile concentration (fluoranthene at Brushy 1) was
greater than 1.0 ug/g.

Benzoic acid was detected at Brushy 1 (0.2544 wg/g), at Brushy 3 the concentration had reduced
to 0.0153 uwg/g. The concentration of benzoic acid (0.02323 ng/g) at Brushy 4 remained above
the detection limit. The most elevated level of benzoic acid was detected in the sample taken from
Brushy Lake (0.9863 ug/g), this concentration is much elevated over that from First Old River
which was 0.0229 ug/g. The concentration at Brushy 2, upstream of Baird Manufacturing, was
0.0448 ng/g. This upstream concentration is considerably below what was detected at Brushy 1
(0.2544 pg/g). Complete sediment semivolatile data can be found in Appendix E, a complete
sediment semivolatile parameter list can be found in Appendix F,



Metals

Sediment samples collected at the six stations during this project were analyzed for 12 metals:
aluminum, arsenic, copper, total chromium, cobalt, cadmium, iron, manganese, nickel, lead,
selenium, and zinc. Several samples indicated substantially elevated concentrations of these metals
in the sediment. Sediment from Brushy 1, below Baird, indicated elevated concentrations of
aluminum, arsenic, copper, iron, nickel, lead, and zinc. The concentration of copper in the
sediment at Brushy 1 (177.0 ug/g) is elevated nearly eight fold above the concentration at the
upstream station Brushy 2 (23.60 ng/g). However, the concentration of copper in the sediment
of Brushy Lake (18.30 1g/g) is comparable with the copper concentration of First Old River Lake
(13.40 w.g/g). Arsenic concentrations at Brushy 1 were the highest of the six stations. Sedlment
analyses from Brushy 1 indicated an arsenic concentration (9.10 ug/g) three times the level in the
sample taken upstream at Brushy 2, 2.80 ng/g. The samples from the lakes indicate elevation in
Brushy Lake which had an arsenic concentration of 8.75 wg/g. This is somewhat elévated over
the arsenic concentration in First Old River Lake (6.80 ug/g). The concentrations of chromium
and zinc in the sediment at Brushy 1 may be of more concern. Sediment collected from Brushy
1 had a chromium concentration (707.0 wg/g) 60 times greater than the concentration in the
sediment upstream at Brushy 2 (11.80 ng/g). This increase below Baird has contributed to a 37
% increase in the sediment chromium level in Brushy Lake (30.30 ug/g) over the concentration
of chromium in First Old River Lake (18.9 wng/g). The concentration of zinc at Brushy 1
(11680.0 1g/g) was 165 times the concentration at the upstream station Brushy 2 (70.6 ng/g).
As a result, the concentration of zinc downstream in Brushy Lake (109.0 pg/g) is elevated 28 %
above the concentration seen in First Old River Lake (78.5 ug/g). Lead was detected at Brushy
1 at a concentration of 72.9 ug/g. Analysis of the sediment from the upstream station indicated
concentrations below the ADPC&E laboratory detection limit, Lead also was detected
downstream at Brushy 3 and Brushy 4, although concentrations were less than 10 ug/g. Lead
concentrations in the sediment of both lakes proved to be below detection limits, The metals data
collected during this study can be found in Appendix B.

FISH TISSUE

On July 21, 1998, largemouth bass Micropterus salmoides were collected from Brushy Lake and
from First Old River Lake. Collections from each lake consisted of five adult bass not less than
12 inches in length and another sample from each lake of bass greater than 16 inches in length.
The edible filets of each fish were removed, composited with the other fish of comparable size
and analyzed for pesticides, semivolatiles, and metals at the ADPC&E laboratory.

Pesticides
Fish ﬁssue collected during this study was analyzed for 48 pesticides. Those 192 analyses resulted

in zero detections for pesticides. Fish tissue pesticide data is hsted in Appendix G, Appendix H
contains a complete fish tissue parameter list,



Semivolatiles

Fish tissue collected from Brushy Lake and First Old River Lake were also analyzed for 85
semivolatile compounds. Those 340 analyses resulted in one detection for semivolatiles. The
Brushy Lake fish tissue sample of largemouth bass < 16" indicated an acetophenone concentration
of 0.0497 ug/g. Acetophenone is commonly found in aquatic and semiaquatic plant material such
as mosses and algae. Appendix I contains all fish tissue semivolatile data. Appendix J is a
complete fish tissue semivolatile parameter.

Metals

Fish tissue collected during this study was subjected to analysis for five toxic metals: arsenic,l
chromium, cadmium, lead, and mercury. The analyses indicated concentrations below the
laboratory detection limit for each, excluding mercury. These analyses yielded detections for
mercury in each of the four samples. The mercury concentrations of the fish tissue sampled during
this study are represented below. All mercury detections were well below the ADPC&E action
level of 1 ppm. All metals data can be found in Appendix B.

Sample Description Mercury Concentration mg/KG
Brushy Lake Largemouth Bass < 16" 0.50
Brushy Lake Largemouth Bass > 16" 0.61
First Old River Lake Largemouth Bass < 16" 0.42
First Old River Lake Largemouth Bass > 16" 0.54
CONCLUSIONS

A review of the dissolved and sediment metals analyses conducted indicates elevated
concentrations of chromium, copper, lead, nickel, and zinc in the water and/or sediment at Brushy
1, below the Baird Manufacturing facility. However, no dissolved metals were found in toxic
concentrations in the waters of the unnamed tributary or the two lakes sampled. Sediment metals
and dissolved metals are also somewhat elevated downstream at other stations in the unnamed
tributary. Copper, chromium, and zinc were noticeably elevated in the sediment of Brushy Lake
above the concentrations of First Old River Lake. Fish tissue analyses did not indicate the
bicaccumulation of metals due to the discharge of Baird Manufacturing at this time. No water
quality violations were found during the course of this study.
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APPENDIX A - WATER QUALITY

Date 080727|  980727| 980727| 980727 980721 980721
Time 1200 1100 1030 925 1130 1530
DO (mg/L) 22 1.0 0.3 0.4 3.8 145
pH (5.U.) 8.37 7.37 7.12 713 6.98 8.89
TEMP (C) 33.8 28.1 27.0 26.5 31.1 35.2
BOD (mg/L) >7.93 3.6 >7.47 1.3 18 3.4
TOC (mg/L) 14.3 254 25.0 238 54 57
NH3-N (mg/L) <0.005 <0.005]  <0.005 0.17 0.01 0.0
TKN (mg/L) 1.80 1.60 2,27 0.42 0.92 0.52
NO3-N (mg/L) <0.010 005 <0.010 0.01 0.01 0.02
O-PHOS 0.02 0.28 0.24 0.11 0.02 0.02
T-PHOS (mg/L) 0.19 0.53 0.53 0.14 0.07 0.06
Br (mg/L) 1.39 0.07 0.05 0.04 <0.03 0.14
F (mg/L) 2.50 0.27 0.19 0.11] _ <0.005 <0.005
S04 (mg/L) 767.0 12.70 3.41 14.60 0.15 2.06
Cl (mg/L) 1150.0 45.10 21.20 13.30 3.24 4.14
TDS (mg/l) 3005.0 418.0 330.0 256.0 153.0 173.0
TSS (mg/L) 30.50 13.00 17.50 550 4.50 7.50




g0~

¥S0 0> Yoo Zo> oovL <Al < {1 HIAN a0 15H1d
|z¥e Zo- P00~ z0> 50> oorl .81 > IMY1 WIAR 410 Lsyld
190 zZo> v00> 0> So> 0060 « 81 <HW1 3NV AHSNHS
050 zZo> A 50> 0060 « 31 > AW 3AVT AHSNEE

/B | oyi/biu o/Bw /Bl e9p1/6u
6| a4 PD 1 sy By LZL086G UC pajoaj|o)

STVIIW 3NSSIL HSId

To0Z €90 (0Z¢Th {68F |ovEl [08'9 [0ZiE) |0ESE v g0
60l 05> (02> [09Z [1bOL (09592 [96°0 [0Zck [€0€ [0£QL [si® [06veT [0SLL VT
6b 05> (202 [¥LL {9y [wo¥6 [910> (265 |90L [0Sl |9¥s |iov6 [sZ6 vAHSNHE
205 05> [ogz [ [1es |06/01 (€20 [vz9 (922 [099F |80'S [0890% [0E0l SAHSNME
Li 0s> |0Z> (0L} |SEF |OZIOE |SZ0 [OE9 [g1h |09€z |oz [uees |0OLL TAHSNNY
osot) [0e0 [oe2L {LZc {eie [09E0k |€20 (oo [0a0L [GOZLV [OVE  |OOWZI [00Z) LAHSNNE

oMb | 9x/BU | 5x/Bw ow/BUnyBw| oy/Bul | 5¥/Bw | owbw [od/Buw | on/Bw |omxbu | sHbw
uz ag qd | IN | uN | 23 po | oo | 1D %) sy v auit) al vopels
8661 ‘22 AIn uo p=323a)jod 1} Aysnig 8661 “LZ AN Uo pajdajied sajdiues aye
UoIjeljuadsuon S|EJaN Juswpasg
Liv) St (¥ |2ZE  |e= |6} |2» |09 gl [£0> [&'9L [g0> |05'0=|S0 |6€E  [PLO> VB [LL0> (P |95 [LZ1> [ZgE |es'g |svl |OES) V1Y
4T} zZ9 (0= [e¥ (&> |91 (2= [szor [¥LL [E0> [I82) (SO0= |0G0>|v0 (282 |PVO> (¥L |ELO> 1665 |2€ |ick> |LIE |86'9 |8E€ |OEll EN L AL
088l VeL [0 [osL [e= €T 2= [945¢ [S¢Ck IS0 1'I51 |S0> (0500 0SS [#10>- (28 [FL0> €00 |®E |Z2l> |S9C |EbZ (PO |SC6 ¥ AHSNyd
0'sZS 89 (98 [gpse [€> [SET [¥e [L4¢ (¥ [€0> [i8iz (&1 [T |95 10861 [PVoe [ViZE [EVO> [SPIE I8E |Izl> |02 |gve [€0 |ocol § AHSNAg
oL 55 [gZ [+iz le= Twee [ve [eds lgel o= leoie (g0  [050=|v€ [E¥8 [PVO> (PSP (V10> (VTP (LW (224> 18T 1462 o) [00Ll T AHsnua
0'185 62l (00l [¢F¥I8 (€ (€82 {T8 |558F |E€9 (€D vIie [eey (L0 (€9 [¥E2T [Pi0> [600F [1V0> |€58 [¥E€  [iZl> [8€E [l€8 [2T 0OTH } AHSNuE

Bw [g6n [/Bn [ /Bw /Bn{qBw]yBn| Bn [ yBw | yBn T /Bn | B {3 [ Bn | yBw | yBn [ 3B | Bn | /Bn | 3Bn | 3/Bn 2 | s bw

ssaupled| Z | A | BN |®S| % | IN| uWN | BA | ad ad ng [0 [ 13 | ®D Po ] ag eg sy v jdwel| {d | og | awnl |[qI uonels

8661 "2 AInf U0 Paja9||o2 | AYSnId ‘8661 ‘L¢ AINf UO pa)aajjod sajdiies aye]

ANSSIL HSI3 ANV "LNIWIQES "HILVM-SIVLIN _

Yivad STv.1INW - 8 XIONIddV



SESKO™> 02g£0>| €LELD™>| 6kI00'>| Zl2000°>| o9i000>| 8S000>| +Zoo0>| BZC00>| OS00C>| 09800 625007 |0E5L | 122086 | IV €O
218€0> l0620'>| ZS0L0'>| +ZE00>|  18100>| Z1000°>| ©8000°>| /P000>| 6BI00>| 6S000°>| S6¢IO> 26500>[0E1L | 122096 ERVAR:]
AN SZilo>| 9Z900>| €TI00>| 09000>| Goo00>| ocooo>| sSlooo>] Zoooo>| 6L000>| S1ZOO> 200> (526 | 222096 | PAHSNMA
LEB00> ¥o1Z0>| SBL00°>| €VE00>| 99l00'>| ZI00U'=| Z€000'=| 92000'>] SBO00'>| ZEOOO>| #0OS00'> 90z00™> [0E0L | 222086 | EAHSNYE
AT Y0£9'6= | ZEBFE>| MPBA>| 006/€>| IZIF0>| LOZIZ>| [9080'>] S6.Z2'>| 8ITOV>! LBOEL> 69159'> (001} | JZLOBE | ZAHSNYE
856.°2> ZOS'Pl>| H082°G>| 9S0FI>| ZIPES>| EMIL0>| LMGET>| 826407>! VISGP>| 9ES60°>] OVZO k> £Zvi>|00Z) | ZZZ086 | LAHSNHA
[m\mn B/fn b/bn B/6n B/6n b/bn B/6n 6/6n 6/6n B/6n G/6n B/6n
599d ¥92d £82d z80d 182d | -xowaly | -exsH 1aq {-insopu3| gaa | -zopu3 -ipu3 suu)l| ejeg | gy uonels
20100> | pE0O00™> §5000'> | 6Z000'> | EPI0O> | 8E000> | 2E000> | ZOLOO> | Z6000> | GZ000°> | 90i00> | ZEL00>  [0€S) | 1220868 | IAVI WO
£6600> | 260007 §2000> | #2000°> | BZ100> | 65000°> | 65000°> | €400 | ¥#¥c00> | 97000> | 09300> [ 9/100> [OE4L | 1270896 Y-8
2P000°> | £€000™> 2000> | $Z000™> | 59000> | 81000> | ZZOOO™> | £0000'> | J6000> | SED00'> | TL000™> | Z6000> [S526 | 222088 | $AHSNYE
FLLO0> | 420007 8£000'> | B9000> | £5000> | ¥E000> | $SODO> | Z6000> | €1400> | 150007> | OZL00> | ¥6000>  |0E0l | ZZ2086 | €AHSNME
6CrE0 > | OL9Z1 > €0951'> | ZISSL™> | 0ZE6L> | €L841> | ZS1BL'> | €££492'> | €4190> | S90FL> | €pE8l> | €282p> [001) | £22086 | ZAHSNYE
62891> | vO0ZL > iislE> | G981e> | 9/88L> | 20ZLE> | PBETLV> | PEEZS> | F.G8L> | £0PZ)> | 906LL> | £6645> |DOZTM | ZTZ086 | LAHSNHY
6/fn 6,6n B/Bn B/6n 6/6n 6/6n 6/6n B/Bn 6/6n b/bn B;6n B/bn
-ideH | -uAnawod [ -jeuwry -oepy ROTET -y -1d4p N2 -oua4 | -dni4 -Zelq -qiol | awil| aeq (gl uonels
60010 ZZ000>| Z9L10°>| IZI00>| Z9000°>| SPE00>| 000> +S000>| B9000>] IS5100>]| GEDOO™> W000> |0E5L | ECL0B6 | TAVIHO
PEPEO'> Lp000 800€0'>| €8100>| 08000>( +0S00>| @1200>| GEL00>! S6000=>| ZZLOO'>! SPOOD™> 82000> [OELL | tZ.086 ENCAR:]
SZH00 > 21000 €00>| EPOOO>| ¥Z0007>| ZLI00>| <000 |vE000 92000'>| 86000°>! S200D ¥2Z000> (626 | [Z.086 | PAHSNYE
ze00> 82000>| S0600>| ¥OL00>| €5000>| 46000>| €90007>|LLL00 95000> | SEY00™>| #.000> 6Z000> [0S0} | /22086 | SAHSNHY
Iweee'> 8a8960>| SzZog'l>| 6YSLL'>|  61690°>| /SOEE>| ZI0Zv>|ZZ550 FIibL > levze>| GS0LE> lave0>oolL | /2/086 | ZAHSNYE
1206€"> Ov0oSk>| OLALE>| ¥6L60>| Z0GLL>| 9S6IE™>| PEBES™>| PIOLL>| MLIZE>| Ti68E>| PEIGEH=> 9LLL0>1002) | [C/086 | LAHSNHE
I Bybn B/bn B/fn B/Bn B/6n B/bn 660 B/Bn B/En B/6n B/on B/on
-yzal| -3aa -opuy | -d3iday | -puad -ipiy “ueds oy -1dig -elely | -ojp | uAnnqia] | awil)| =eq | Q1 uohE)s
68100°>| £2000> 06000 | ZZOOO™> | T9OOO> | 95100> | 6€000> | OS000> | Z2000°> | OPOOC'> | 29000°> | LS0O0>  |OEGL | 22086 | Ixv1d0
6.v00'>| SG000> GHL00™> | ZPOO0™> | ZS000°> | £0200'> | 09L00> | OLLOD™> | 96000°> | 66000 > | £L100™> | E0L00> [OEL) | 122096 IHvla
£PP00 > [ SPO00™> 1S000> | €2000> | 11000 | ¥ZI00> | 6£000> | £/000> | OV000> 20000 | €9000> 2000 (S¢6 | /T/086 | PAHSNYE
22800~ | 69000'> 48000'> | TEOOO'> | ZPODO> | 98100 | 95000> | 8b0OC> | /000> | 82000> | 09000 | £I000> 10€0} | 42/086 | EAHSNYD
228z >1 19161 > ZBBEZ’> | 55880> | 9ZEZV> | 8PEC0> | 66P90> | ¥/0IT> | €9C6L> | PEBOOD> | BS660> €000 [00kL | 222096 | ZAHSNYZ
BEEGG™>] 6EB/E™> 98blb'> | 10SBL> | Z¥ZSY'> | PSEIS> | GE6OL> | 655ET> | OPISE™> | ZSZ90°> | 06961 > | ¥8Z00>  |0OZL | £2/086 | LAHSNYG
Ayfn B/on B/6n B/6n B/Bn 6/6n Qms B/6n Din B/Bn b/bn B/6n
-12iq -unes -ejeg -doyg Ny -eung -tiodd -0y -ydy -y -dosg -low  [BuiL| @eq | Qi uoneis|
Y1va 3aiDiLS3d LNFWIQIS - 2 XIONIddVY
[ ® 9 L ® ® @ ® 9



APPENDIX D - SEDIMENT PESTICIDE PARAMETERS

Alac-
Aldr-
Alph-
Altr-
Amet-
Atra-
Beta-
Chlo-
Cyan-
Cypr-
DDD
BDE-
DDT
Delt-
Diaz-
Diel-
Dipr-
Endo-
Endo2-
EndoSul-
Endr-
Feno-
Fluc-
Gamm-

Alachlor
Aldrin
Alpha-BHC
Atraton
Ametryn

_ Atrazine

Beta-BHC
Chlorpyrifos
Cyanazine
Cyprazine
p-p'-DDD
p-p-DDE
p-p-DDT
Delta-BHC
Diazinon
Dieldrin
Dipropetryn
Endosulfan-Il
Endosulfan-Il
Endosulfan-Sulfate
Endrin
Fonofos
Fluchioralin
Gamma-BHC

Hept-
HeptEp-
Hexa-
Mala-
Meth-
Methox-
Meto-
Metr-
Mol-
PCB1
PCB2
PCB3
PCB4
PCB5
Pend-
Prom-
Prometry
Prop-
Prop-
Sima-
Tech-
Terb-

'Heptachlor

Heptachlor-Epoxide
Hexazinone
Malathion
Methyl-Parathion
Methoxychlor
Metolachior
Metribuzin
Molinate
PCB-as-AR1221
PCB-as-AR1232
PCB-as-AR1242
PCB-as-AR1248
PCB-as-AR1254
Pendimethalin
Prometon
Prometryn
Propachlor
Propazine
Simazine
Technical-Chlordane
Terbuthylazine

Terbutryn Terbutryn

Trif-

Trifluralin
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APPENDIX F - SEMIVOLATILE PARAMETER LIST

1245Tet-
124Tri-
12Di-
12Diph-
13Di-
14Di-
1Chlo-
1Nap-
2346Tet-
245Tri-
246Tri-
24Dic-
24Dim-
24Dinitro-
24diphen-
26Dich-
26Dinitro-
2Chl-
2Chlnaph
2Meth-
2Methyl-
2Nap-
2Nito-
2Nitr-
2Pic-
33Dich-
3Methch-
3Nitro-
46Din-
4Amino-
4Brom-
4Chlo-
4Chlor-
4Chph-
4Meth-
4Nitro-
4Nitroan-
Acen-
Acenap-
Acef-
Anil-
Anth-
Bena-

1-2-4-5-Tetrachlorobenzene
1-2-4-Trichlorobenzene
1-2-Dichlorobenzene
1-2-Diphenylhydrazine
1-3-Dichlorobenzene
1-4-Dichlorobenzene
1-Chlorenaphthalene
1-Naphthylamine
2-3-4-6-Tetrachlorophenol
2-4-5-Trichlorophenol
2-4-6-Trichlorophenol
2-4-Dichlorophenol
2-4-Dimethylphenol
2-4-Dinitrotoluene
2-4-dinitrophenol
2-6-Dichloropheno|
2-6-Dinitrotoluene
2-Chlorophenol
2-Chloronaphthalene
2-Methylphenol
2-Methylnaphthalene
2-Naphthylamine
2-Nitroaniline
2-Nitrophenol

2-Picoline
3-3-Dichlorobenzidine
3-Methylcholanthrene
3-Nitroaniline
4-6-Dinitro-2-methylphenol
4-Aminobiphenyl
4-Bromophenyl-phenyl-ether
4-Chlcroaniline
4-Chloro-3-methylphenol
4-Chlorophenyl-phenyl-ether
4-Methylphenol
4-Nitrophenol
4-Nitroaniline
Acenaphthene
Acenaphthylene
Acetophencne

Aniline

Anthracene
Benzo(a)pyrene

Benb-
Benk-
Benper-
Benz-
Benzo-
Benzyl-
BisE-
Bism-
Bisphth-
Butyl-
Chrysene
Dianth-
Dibenacr-
Dibenz-
Dibenzo-
Dibut-
Diethyl-
Dimetam-
Dimeth-
Dinoct-
Diph-
Flour-
Flourene
Hexa-
Hexaben-
Hexbut-
Hexpen-
Indpyr-
Isop-
Naph-
Nitr-
NNit-
NNitro-
NNitrobut
Penchl-
Penchni-
Penta-
Fhen-
Fhena-
Phenol
Pron-
Pyrene-

Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g-h-perylene
Benzoic-acid
Benzo(a)anthracene
Benzyl-alcohol
Bis(2-chloroethyl)-Ether
Bis{2-chloroethoxy)methane
Bis(2-ethylhexyl)phthalate
Butyl-benzyl-phthalate
Chrysene _
Dimethyibenzo(a)anthracene
Dibenzo(a-j)acridine
Dibenz{a-h)anthracene
Dibenzofuran
Di-n-butyl-phthalate
Diethyl-phthalate
Dimethylaminoazobenzene
Dimethyl-phthalate
Di-n-octyl-phthalate
Diphenylamine
Fluoranthene

Fluorene
Hexachioroethane
Hexachlorgbenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
indeno(1-2-3-cd)pyrene
Isophorone

Naphthalene

Nitrobenzene
N-Nitroso-di-n-propylamine
N-Nitrosopiperidine
N-Nitrosodibutylamine
Pentachlorophenol
Pentachloronitrobenzene
Pentachlorobenzene
Phenanthrene

Phenacetin

Phenol

Pronamide

Pyrene
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APPENDIX H - FISH TISSUE PESTICIDE PARAMETER LIST

Alac-
Aldr-
Alph-
Altr-
Amet-
Afra-
Beta-
Chlo-
Cyan-
Cypr-
DDD
DDE-
DDT
Delf-
Diaz-
Diel-
Dipr-
Endo-
Endo2-
EndoSul-
Endr-
Feno-
Fluc-
Gamm-

Alachlor
Aldrin
Alpha-BHC
Atraton
Ametryn
Atrazine
Beta-BHC
Chlorpyrifos

‘Cyanazine

Cyprazine
p-p-DDD
p-p-DDE
p-p-DOT
Delta-BHC
Diazinon
Dieldrin
Dipropetryn
Endosulfan-I
Endosulfan-i|
Endosulfan-Sulfate
Endrin
Fonofos
Fluchloralin
Gamma-BHC

Hept-

HeptEp-
Hexa-

- Mala-

Meth-
Methox-
Meto-
Metr-
Mol-
PCB1
PCB2

PCB3

PCB4
PCB5
Pend-
Prom-
Prometryn-
Prop-
Prop-
Sima-
Tech-
Terb-
Terbutryn
Trif-

Heptachior
Heptachlor-Epoxide
Hexazinone
Malathion
Methyl-Parathion
Methoxychlor
Metolachlor
Metribuzin
Molinate
PCB-as-AR1221
PCB-as-AR1232
PCB-as-AR1242
PCB-as-AR1248
PCB-as-AR1254
Pendimethalin
Prometon
Frometryn
Propachlor
Propazine
Simazine
Technical-Chlordane
Terbuthylazine
Terbutryn
Triflurakin
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APPENDIX J - FISH TISSUE SEMIVOLATILE PARAMETER LIST

1245Tet-
124Tri-
12Di-
12Diph-
13Di-
14Di-
1Chlo-
1Nap-
2346Tet-
245Tri-
246Tri-
24Dic-
24Dim-
24Dinitro-
24diphen-
26Dich-
26Dinitro-
2Chl-
2Chinaph-
2Meth-
2Methyl-
2Nap-
2Nito-
2Nitr-
2Pic-
33Dich-
3Methch-
3Nitro-
48Din-
4Amino-
48rom-
4Chlo-
4Chlor-
4Chph-
4Meth-
4Nitro-
4Nitro-
Acen-
Acenap-
Acet-
Anil-
Anth-
Bena-

1-2-4-5-Tetrachlorobenzene
1-2-4-Trichlorobenzene
1-2-Dichtorobenzene
1-2-Diphenyihydrazine
1-3-Dichlorobenzene
1-4-Dichlorabenzene
1-Chioronaphthalene
1-Naphthylamine
2-3-4-6-Tetrachlorophenol
2-4-53-Trichlorophenol
2-4-§-Trichiorophenol
2-4-Dichlorophenol
2-4-Dimethylphenol
2-4-Dinitrotoluene
2-4-dinitrophenol
2-8-Dichlorophenol
2-8-Dinitrotoluene
2-Chlorophenol
2-Chloronaphthalene
2-Methylphenol
2-Methylnaphthalene
2-Naphthylamine
2-Nitroaniline
2-Nitrophenol

2-Picoline
3-3-Dichlorobenzidine
3-Methylcholanthrene
3-Nitroaniline
4-6-Dinitro-2-methylphenol
4-Aminobiphenyl
4-Bromophenyl-phenyl-ether
4-Chloroaniline
4-Chloro-3-methylphenol
4-Chlorophenyl-phenyl-ether
4-Methylphenol
4-Nitrophenol
4-Nitroaniline
Acenaphthene
Acenaphthylene
Acetophenone

Aniline

Anthracene
Benzo(a)pyrene

Benb- Benzo(b)}fluoranthene
Benk- Benzo(k)fluoranthene
Benper Benzo(g-h-iperylene
Benz- Benzoic-acid

Benzo- Benzo(a)anthracene
Benzyl Benzyl-alcohol

BisE- Bis{2-chloroethyl-Ether
Bism- Bis(2-chloroethoxy)methane
Bispht Bis{Z-ethylhexyl)phthalate
Butyl- Butyl-benzyl-phthalate
Chryse Chrysene

Dianth- Dimethylbenzo{a)anthracene
Dibena Dibenzo(a-j)acridine
Dibenz Dibenz(a-h)anthracene
Dibenz Dibenzofuran

Dibut- Di-n-butyl-phthalate
Diethyl Diethyl-phthalate

Dimeta Dimethylaminoazobenzene
Dimeth Dimethyl-phthalate

Dinoct- Di-n-octyl-phthalate

Diph- Diphenylamine

Flour- Fluoranthene

Floure Fluorene

Hexa- Hexachloroethane

Hexa- Hexachlorobenzene
Hexbut Hexachlorobutadiene
Hexpe Hexachlorocyclopentadiene
Indpyr- Indeno(1-2-3-cd)pyrene
Isop-  Isophorone

Naph- Naphthalene

Nit-  Nitrobenzene

NNit-  N-Nitroso-di-n-propylamine
NNitro- N-Nitrosopiperidine

NNitro N-Nitrosodibutylamine
Penchl Pentachlorophenol

- Pench Pentachloronitrobenzene

Penta- Pentachlorobenzene
Phen- Phenanthrene
Fhena- Phenacetin

Phenol Phenol

Pron- Pronamide

Pyrene Pyrene






