Sediment Contaminants a%lé

in the Coos Estuary

Summary:

m Elevated arsenic, chromium,
mercury, and nickel levels may
diminish sediment quality in parts
of Isthmus Slough, the Upper Bay,
and North Slough.

Documented releases of metals,
tributyltin, petroleum, and other
industrial chemicals have occurred
primarily in Isthmus Slough and
the Upper Bay; toxicity risk is
compounded by elevated

levels of organic carbon and
fine-grained sediment.

Historically, sediment in

the Coos Estuary has been
relatively uncontaminated by
pesticides.

Evaluation

Areas of elevated
metals and industrial
pollutants in North
Slough, Upper Bay,

A Exclusively Total Organic Carbon (TOC)

and Isthmus Slough. Figure 1. Study sites for sediment contaminants including metals,

total organic carbon, synthetic organic compounds, pesticides,

and industrial chemicals. CR= Coos River, CS= Catching Slough, HI=

Haynes Inlet, 1S= Isthmus Slough, LB=Lower Bay, NS= North Slough,

PS= Pony Slough , SS= South Slough, UB= Upper Bay. Data: ODEQ

What’s ha o 1999, 2001, 2002, 2004, 2005, 2006, 2007, n.d; USACE 1980, 1989,
ppening: 1994, 1998, 2004, 2009; NOAA 1986,1996, 2006; USEPA 2014b

A variety of contaminants generated from

urban, agricultural, and industrial activities in ~ can accumulate in sediments, posing threats
the Coos estuary and surrounding lands can to organisms throughout the estuarine food
find their way into coastal waters, where they  web, including humans (USEPA 2012).
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Metals in Coos Estuary Sediments

@  CEMAP sampling sites (1999-2006)

an
@ [] 3 6 Mies £ USACE sampling sites (1980-2000)
R N

Figure 2. Metals in Coos Sediment Sampling Sites (1980 — 2009)
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980,
1989, 1994, 1998, 2004, 2009

This data summary describes the status and
trends of those contaminants and is organized
by three main pollutant categories:

1. Metals

2. Synthetic Organic Contaminants (e.g.,
chlorinated pesticides, polynuclear aro-
matic hydrocarbons (PAHs), total petroli-
um hydrocarbons (TPH), and polychlori-
nated biphenyls(PCBs))

3. Total Organic Carbon (TOC)

The status of these sediment contaminants
is evaluated using two metrics: Effects Range
Low (ERL) and Effects Range Median (ERM)
(Table 1)(see sidebar).

Table 1. Wentworth

Scale for Sediment
Classification
Source: Bartram
and Balance 1996

Guideline Values for Assessing Sediment
Quality

Long et al. (1995) developed a set of
guidelines to help “relate ambient
sediment chemistry data to the potential
for adverse biological effects.” Their
method establishes reference points

based on the observed biological effects of
common sediment contaminants:

Effects Range Low (ERL) - lowest 10th

percentile of concentrations associated
with harmful biological effects.

Effects Range Median (ERM) - 50th
percentile of concentrations associated
with harmful biological effects.

ERL and ERM are commonly used by
public agencies to evaluate the health of
estuarine sediment.

Source: Long et al. 1995

ERL and ERM Values
Analyte ERL ERM
Arsenic 82 70
Cadmium 12 9.6
Chromium 81 370
Copper 34 270
Lead 6.7 218
Marcury 0.15 0.71
Nickel 208 516
Silver 1 3.7
Zinc 150 410
Acenaphthene 16 500
Acenaphthylene 44 540
Anthracene 853 1100
Flourene 1z 540
2-Methylnaphthalene 70 &70
Naphthalene 180 2100
Fenhahthrene 240 1500
Benilslanthracene 261 1600
Banzolajpyrene 430 1600
Chrysene 384 2800
Dibenzola,hlanthracene 63.4 260
Fluoranthens B00 5100
Fyrene 665 2800
Low molecular-weight PAH 552 3180
High molecular-weight PAH 1700 5600
Total PAHS 4020 44800
4,4-DDE 2.2 27
Total DOT 16 481
Total PCB 223 180
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Metals

The Oregon Department of Environmental
Quality (ODEQ) has monitored the metal con-
tent of sediments in the Coos Estuary since
1999 as part of their Coastal Environmental
Monitoring and Assessment Program (CE-
MAP)(ODEQ 1999, 2001, 2002, 2004, 2005,
2006). Additionally, the United States Army
Corps of Engineers (USACE) has recorded the
status of metals in local sediments since 1980
in a series of sediment quality evaluation
reports (USACE 1980, 1989, 1994, 1998, 2004,
2009). Figure 2 shows the spatial distribution
of the sampling sites associated with those
two programs.

Collectively, the CEMAP data and the USACE
reports represent over 1,000 “true detects”
(i.e., observations above the minimum detec-
tion limit) for arsenic, cadmium, chromium,
copper, mercury, nickel, silver, and zinc. Gen-
erally, these observations indicate good to fair
sediment quality, with 74% of all CEMAP true
detects and 87% of all USACE true detects
meeting the ERL criteria. However, slightly el-
evated levels of arsenic, chromium, mercury,
and nickel may be of concern (Figure 3).

Below are detailed descriptions of metal con-
centrations in Coos estuary sediments:

Arsenic (ERL=8.2 ppm, ERM=70 ppm)
Arsenic concentrations in Coos Estuary sed-

iment suggest good to fair sediment quality
(Table 2). USACE data show that the mean
arsenic level (7.5 ppm) meets the ERL criteria
(USACE 1980, 1989, 1994, 1998, 2004, 2009).
However, the CEMAP data indicate a mean

Arsenic »~

B2 Nu2i
"
Lhect
Nickel
B4 N=d3
usace
Silver
‘ =81 @ =2t
3 usace
Zinc

Legend

e = Number of

CEp UsACE DataSeurce 1ot Detects

Figure 3. . Percentage of all CEMAP and USACE observations
true detects that meet the ERL criteria (good quality), fail to
meet the ERL criteria (fair quality), and fail to meet the ERM
criteria (poor quality). Data: ODEQ 1999, 2001, 2002, 2004,
2005, 2006; USACE 1980, 1989, 1994, 1998, 2004, 2009

arsenic level (18.4 ppm) that fails to meet the
ERL criteria (ODEQ 1999, 2001, 2002, 2004,
2005, 2006). Maximum mean arsenic concen-
trations occurred in the North Slough subsys-
tem (CEMAP, 66.4 ppm) and Isthmus Slough
(USACE, 16.7 ppm). Although these maxima
failed to meet the ERL standard, both met the
ERM criteria.

Cadmium (ERL=1.2 ppm, ERM=9.6 ppm)
Cadmium data suggest good sediment quality

throughout the study area (Table 3). Mean
cadmium concentrations for all subsystems
easily meet the ERL criteria for both CEMAP
(0.26 ppm) and USACE (0.4 ppm) data (ODEQ
1999, 2001, 2002, 2004, 2005, 2006; USACE
1980, 1989, 1994, 1998, 2004, 2009).
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Arsenic [CEMAP)

Chromium (ERL=81 ppm, ERM=370 ppm)

Sub: em Number of Observations Average m) Min (ppm) Max [ppm) Std. error
Catching Slough 4 7 55 84 07
Coos River 2 515 (L 020 505
Hagnes Inlet o 84 33 128 1w
Isthmus Slough 5 a7 65 2§ 10
Lower Eiay [ 208 35 sz 03
North Slough 3 664 45 973 09
Pong Slough 2z 3] 56 65 05
South Slough 7 45 E1] 58 04
Upper Eiay 30 207 22 1016 64
All Subsystems 75 3 18.4 Lo 102.0 2.6
Catching Slough Mo Data
Coos River 1 0 (1] 10
Hagnes Inlst Hio Data
Isthmus Siough ) %7 75 57.0 54
Lower Bay 1 48 22 ] 05
Mosth Stough No Data
Pong Slough Ho Data
South Siough 3 45 38 50 04
Uppet Bray -] 58 0 n 0.7
Al Subsystems 44 @ 7.5 1o 57.0 13

@ Good sediment quality (avg. observation meets ERL} () Fair sediment quality (avg. observation lails to meet ERL)

(@ Poor sediment quality (avg. observation fails to mest ERM)

Table 2. Summary of all CEMAP and USACE arsenic observa-
tions Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE
1980, 1989, 1994, 1998, 2004, 2009. Sediment quality guide-
lines: Long et al. 1995

Number of Observations Average (ppm} Min {ppm) Max (ppm) Std. error
Canching Stough 3 ot (3 020 0.0
Coos River 1 032 032 032 LY
Hagynes inlet 10 016 0.09 020 00
Iethmus Slough § 020 0 028 002
Lowe Bag 5 038 o 085 012
Mot Slough 3 052 k] 0B 016
Pony Slough 2 023 o1 028 005
South Slough 5 oM 007 028 0.04
Upper Bay 2 o3 007 23 01
All Subsystems 58 @ 026 0.07 2.3 0.04
Catehing Slough o Data
Coos River HNoData
Hagnes inlet hoData
Isthmus Slough 5 07 0z (5] 0z
Lower Bay 5 ol 01 02 001
North Slough HoData
Paony Slough Mo Data
South Slough 3 Lt} a1 02 .03
Upper Bay k) 04 ] 15 02
All Subsystems 23 @ 0.4 0.1 15 0.1

@ Good sediment quality (avg. observation mests ERL) () Fair sediment quality (avg. observation fails to mest ERL)

@ Poor sediment quality (avg. observation fails to meet ERM]

Table 3. Summary of all CEMAP and USACE cadmium observa-
tions Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE
1980, 1989, 1994, 1998, 2004, 2009. Sediment quality guide-

lines: Long et al. 1995

Chromium (CEMAP)

Subsystem Number of Observations Average (ppm) Min {ppm) Max {ppm) Std. eror
Catching Slough 4 785 47 924 21
Coos River 3 687 a2 -2 401
Haynes inlet 0 303 778 8.0 45
Isthrmus Siough 8 850 594 02e 81
Lowei Bay 13 880 B8 2340 229
North Slough 3 2007 070 2500 %3
PonySlough 3 %21 nz 070 3
South Slough 7 505 3 1310 0
Upper Bay £ 934 246 60 2
All Subsystems 8¢ 87.0 6.8 346.0 78
Catching Slough NoData
Coos River NoData
Haynes Inlet No Data
Isthmus Slough 6 22 03 162 87
Lower Bay El T4 ol 120 12
Warth Slough NoData
Pony Slough No Data
South Slough 1 Wi wi 0.4 -
Uppet Bay " s 0.03 387 54
All 27 @ 14.9 0.03 46.2 3.2

@ Good sediment quality (avg. observation mests ERL) Fair sediment quality (avg. observation fails to mest ERL)
0 Poor sediment quality (avg. observation fails to meet ERM)

Table 4. Summary of all CEMAP and USACE chromium ob-
servations Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006;
USACE 1980, 1989, 1994, 1998, 2004, 2009. Sediment quality

guidelines: Long et al. 1995

Average chromium levels indicate good to
fair sediment quality (Table 4). USACE (1980,
1989, 1994, 1998, 2004, 2009) data indicate
that average chromium concentrations for

all subsystems (14.9 ppm) easily meet the
ERL criteria. However, the CEMAP data show
that average chromium levels (87 ppm) fail

to meet the same criteria (ODEQ 1999, 2001,
2002, 2004, 2005, 2006). Elevated mean
chromium levels are primarily due to high
chromium concentrations in the North Slough
subsystem, which were recorded during the
2002 CEMAP monitoring effort (ODEQ 2002).
The 2002 CEMAP data are the most current
data for North Slough. No CEMAP sampling
has occurred in North Slough since 2002; the
USACE has not collected data in North Slough.

Four sites in the Isthmus Slough, Lower Bay,
and South Slough subsystems are listed on
ODEQ’s Confirmed Release List (CRL) for the
documented release of chromium (see Why is
it happening?)(ODEQ n.d.).

Copper (ERL=34 ppm, ERM=270 ppm)
Copper concentrations indicate good to fair

sediment quality throughout the study area
(Table 5). Mean copper concentrations for
all subsystems meet the ERL criteria for both
CEMAP (26.8 ppm) and USACE (20.1 ppm)
data (ODEQ 1999, 2001, 2002, 2004, 2005,
2006; USACE 1980, 1989, 1994, 1998, 2004,
2009). Average concentrations for individual
subsystems were highest in the North Slough
(81 ppm) and Isthmus Slough (58.6 ppm),
where mean concentrations failed to meet
the ERL criteria (CEMAP 2002; USACE 1994,
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Copper (CEMAP)
Number of Observations Average (ppm) Min (ppm) Max (ppm) Std. error

Catching Slough 4 "7 164 29 15
Coos River 3 381 as 005 2
Haynes inlet 10 wr s 78 [}

Isthmus Slough 3 05 a0 263 26
Lower Bay & 381 21 18 174

North Slough & 0 121 150 0
Pony Slough 2 we "5 2u 33
‘South Slough [ 98 22 38 33
Upper Bag 35 280 45 no 8.2
All Subsystems 7 @ 268 21 1.0 4.0

Catching Slough o Data
Coos River 1 &2 2 2z
Hagnes infet No Data

Isthmus Slough a 538 203 1800 183
Lower Bay 5 a7 08 a1 (1

INorth Slough No Data
Fony Slough Na Dats
South Slough 3 28 28 3 02
Upper Bag & 78 180 558 40
All Subsystems 44 @ 201 0.86 180.0 5.1

@ Good sediment quality (avg. observation meets ERL) () Fair sediment quality (avg. observation fails to meet ERL)
@ Poor sediment quality (avg. observation fails to meet ERM)

Table 5. Summary of all CEMAP and USACE copper observa-
tions Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE
1980, 1989, 1994, 1998, 2004, 2009. Sediment quality guide-

lines: Long et al. 1995
Lead (CEMAP)
Subsystem Number of Observations Average (ppm) Min (ppm) Max (ppm) Std. error
Catching Slough 4 "z 2] HE 0z
Coos River 3 543 01 wa 438
Haynes Inlet 10 24 02 e 08
Isthmus Slough L] "7 25 0.3 12
Lower By ] 24 33 988 a
North Slough 3 882 s 935 22
Fony Slough 2 o B2 e 0
South Slough 7 o a8 n7 g
Upper Etsy kL 256 Fid LK) 58

All Suhllll!ms 84 @ 235 7.7 U4 3.4

Catohing Slough

Coos River 1 T T T

Haynes Inlst Mo Diata

Isthmus Slough 3 %3 1ot &0 87

Lower Bay 1§ 20 13 a1 ol
Morth Slough o Diata
Pony Slough No Data

South Slaugh 3 20 18 25 02

Upper Bay [ 73 19 28 4

All Subsystems 45 9 32 13 810 22

@ Good sediment quality {avg. observation meets ERL) () Fair sediment quality (avg. observation fails to mest ERL)
@ Poor sediment quality (avg. observation fails to mest ERM)

Table 6. Summary of all CEMAP and USACE lead observations
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980,
1989, 1994, 1998, 2004, 2009. Sediment quality guidelines:
Long et al. 1995

Mercury (CEMAP)
Subsystem Number of Observations Average (ppm) Min (ppm) Max {ppm) Std. error
Catehing Stough 4 07 0.05 o 002
Coos River 3 ow 0.086 029 008
Hagnes inket w 004 0.02 0.06 <001
Isthrmus Slough 8 008 0.02 003 om
Lower Bay M 005 001 028 002
North Slough 3 {13 .04 007 om
Paong Stough 2 (17 (153 008 <00l
South Slough 7 003 001 005 on
Uppes Bay *® 004 0 on <001
mlwislm 4 @ nos 0.01 0.29 0.01
Catching Stough Mo Data
Coos River 1 ] 0 0
Hagnes lnlet NoData
Isthrmss Stough 3 128 o 860 a1
Lower Biay 1 13 13 13
Morth Slough o Data
Pong Slough NoData
South Slough 1 oo 0.01 ool -
Uppet Bay L] 37 0.02 08 1%
All Subsystems 21 e 0.0 660 3.2

@ Good sediment quality (avg. observation meets ERL) () Fair sediment quality (avg. observation fails to meet ERL)
@ Poor sediment quality (avg. observation fails to meet ERM)

Table 7. Summary of all CEMAP and USACE mercury observa-
tions Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE
1980, 1989, 1994, 1998, 2004, 2009. Sediment quality guide-
lines: Long et al. 1995

2004, 2009). Four sites in the Isthmus Slough,
Lower Bay, and South Slough subsystems

are listed on ODEQ’s CRL for the document
release of copper (see Why is it happening?)
(ODEQ n.d.).

Lead (ERL= 46.7 ppm, ERM= 218 ppm)

Lead concentrations averaged across all sub-
systems met the ERL criteria (Table 6)(ODEQ
1999, 2001, 2002, 2004, 2005, 2006; USACE
1980, 1989, 1994, 1998, 2004, 2009). The
CEMAP data show that average lead concen-

trations exceed the ERL criteria in the North
Slough (66.2 ppm) and Coos River (54.3 ppm)
subsystems (ODEQ 1999, 2001, 2002, 2004,
2005, 2006).

There is one site in the Upper Bay Subsystem
that is listed on ODEQ’s CRL for the document
release of lead (see Why is it happening?)
(ODEQ n.d.).

Mercury (ERL=0.15 ppm, ERM=0.71 ppm)
Mercury levels generally indicate good sedi-

ment quality; however, elevated levels in Isth-
mus Slough suggest localized areas of poor
quality sediment (Table 7)(ODEQ 1999, 2001,
2002, 2004, 2005, 2006; USACE 1980, 1989,
1994, 1998, 2004, 2009). There is one site in
the South Slough Subsystem that is listed on
ODEQ’s CRL for the document release of mer-
cury (see Why is it happening?)(ODEQ n.d.).

Nickel (ERL=20.9 ppm, ERM=51.6 ppm)
Although data sources are somewhat conflict-

ing, elevated nickel concentrations in Coos
sediments may represent fair to poor sedi-
ment quality (Table 8).

Sediment Quality in the Coos Estuary and the Lower Coos Watershed
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Nickel (CEMAP)

Subsystem Number of Observations Average (ppm) Min (ppm) Max (ppm] Std. error
Catehing Slough 4 2% .80 4080 245
Coos River 2 2243 1290 10010 2884
Haynes Inlet 10 602 30,30 4330 165
Isthmus Slough 3 sz 2080 4440 a7
Lower Bay 13 3568 370 1600 13.28
North Slough £ 8483 360 2500 2387
Pony Slough 2 85 3230 4240 225
South Slough 7 188 6.20 4420 678
Upper By ] 5544 750 32600 13,38
All Subsystems 54 O #4492 3.70 326.00 6.39
Nickel (USACE)
Catehing Slaugh Mo Data
Coos Fiver 1 [lil} L} L}
Haynes nlet Mo Data
Isthmus Slough a 3 .08 73 58
Lower Bay 15 47 A 74 03
Narth Slaugh Mo Data
Fony Slough Mo Diata
South Slough £ 57 47 s 10
Upper Bay 1 137 0.02 fal} 33
All Subsystems 4 3 ns 0.01 378 20

@ Good sediment quality (avg. observation meets ERL) () Fair sediment quality {avg. observation fails to meet ERL)

@ Poor sediment quality (avg. observation fails to meet ERM)

Table 8. Summary of all CEMAP and USACE nickel observations
Data: ODEQ, 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980,
1989, 1994, 1998, 2004, 2009. Sediment quality guidelines:
Long et al. 1995

Silver (CEMAP)

Subsystem Number of Observations Average (ppm) Min (ppm) Max (ppm) Std. error
Catching Slough + 008 007 009 <00
Coos River z 288 002 1096 384
Haynes inlst 0 005 005 007 <0
Isthmus Slough 3 00 007 003 <00
Lower Bay 2 o 003 054 005
North Slough 3 03 007 056 016
Fony Slough z 003 007 010 002
South Slough 7 (1} 003 006 <o
Upper Bay 2] 040 003 365 028
All Subsystems 81 @ 036 0.03 .96 0.18
Silver (USACE)
Caatohing Stough NoData
Coos River
Haunes Inlet NoData
Isthmus Slough 7 08 ol 17 03
Lower Bay 2 03 0z 04 o
North Stough NoData
Pony Slough NoDsta
Sauth Slough 1 00 003 003
Upper Bay 1 04 o0 21 02
All Subsgstems 21 a 0.5 001 2.1 0.1

@ Good sediment quality (avg. observation mests ERL) () Fair sediment quality (avg. observation fails to mest ERL)

@ Poor sediment quality (avg. observation fails to meet ERM)

Table 9. Summary of all CEMAP and USACE silver observations
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980,
1989, 1994, 1998, 2004, 2009. Sediment quality guidelines:
Long et al. 1995

Zinc [CEMAP)
Subsystem Number of Observations Average (ppm) Min (ppm) Max (ppm) Std. error
Catching Slough 4 8 04 658 34
Coos River 3 543 233 016 227
Hagnes Inlet 0 616 523 798 2z
Isthmus Stough L3 1 543 L) B3
Lower Bay n xR2 a7 436 ar
North Slough 3 1257 620 %30 na
Fong Stough 2 %61 581 741 a0
South Slough i ! 285 s 655 (13
Upper Bay % 841 M8 1550 &1
All Subsystems 8 @ 64 a7 1520 33
Zinc [USACE)
Catching Slough NoData
Coos River 1 100 {0} 100
Hagnes Inist NoData
Isthmus: Stough 3 &2 437 Hoo 86
Lower Bag L] 0.4 T8 130 04
Notth Slough NoData
Pony Stough NoData
‘South Stough 3 w2 s e 17
Upper Bay L3 368 76 143 61
An 4 8 1 76 140.0 4.9

@ Good sediment quality (avg. observation meets ERL) () Fair sediment quality (svg. observation fails to mest ERL)

@ Poor sediment quality [2vg. observation fails to meet ERM)

Table 10. . Summary of all CEMAP and USACE zinc observations
Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006; USACE 1980,
1989, 1994, 1998, 2004, 2009. Sediment quality guidelines:
Long et al. 1995

CEMAP data show that the mean nickel con-
centration, averaged across all subsystems,
fails to meet the ERL criteria (ODEQ 1999,
2001, 2002, 2004, 2005, 2006). This is pri-
marily due to elevated nickel concentrations
in North Slough (94.9 ppm) and Upper Bay
(55.44 ppm), both of which failed to meet the
ERM criteria (ODEQ 1999, 2002, 2004, 2005,
2006). CEMAP data also indicate that six of
the remaining seven subsystems fail to meet
the ERL criteria, with the exception of South
Slough (18.2 ppm).

Contrary to CEMAP, USACE (1980, 1989, 1994,
1998, 2004, 2009) data suggest that mean
nickel concentrations easily meet the ERL cri-
tieria in most subsystems. However, elevated
nickel levels in the Isthmus Slough subsystem
(23.3 ppm) failed to meet the ERL criteria.

Five sites in the Isthmus Slough, Lower Bay,
and South Slough Subsystems are listed on
ODEQ’s CRL for the document release of nick-
el (see Why is it happening?)(ODEQ n.d.).

Silver (ERL=1 ppm, ERM= 3.7 ppm)
Silver concentrations indicate generally good

sediment quality throughout the study area
(Table 9). However, CEMAP data suggest that
silver concentrations in Coos River sediments
(3.68 ppm) failed to meet the ERL criteria
(ODEQ 1999). It should be noted that these
are 1999-era data, and the Coos River subsys-
tem has not been monitored by CEMAP since.

Zinc (ERL= 150 ppm, ERM=410 ppm)
Zinc concentrations suggest good sediment

quality throughout the study area (Table 10)
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(ODEQ 1999, 2001, 2002, 2004, 2005, 2006;
USACE 1980, 1989, 1994, 1998, 2004, 2009).
Three sites in the Isthmus Slough and Lower
Bay Subsystems are listed on ODEQ’s CRL for
the documented release of zinc (see Why is it
happening?)(ODEQ n.d.).

Metals in Fish Tissues

Contaminants may accumulate in the fatty or
muscle tissue of fish and shellfish. Even low
levels of contaminants in the water column
or sediment may result the contamination of
recreationally or commercially harvested fish
and shellfish that can result in serious human
health risks (USEPA 2000).

ODEQ (1999, 2001, 2004, 2005, 2006) col-
lected data detailing tissue contamination in
bottom dwelling fish from sites in the Lower
Bay, Upper Bay, South Slough, and Coos River
subsystems as part of their CEMAP moni-
toring program (Figure 4). These data are
summarized in Table 11.

The ODEQ data are difficult to interpret
because the development of human health
standards for safe fish consumption requires
making numerous assumptions about peo-
ple’s dietary preferences, body type (e.g.,
body weight, age), level of risk aversion, and
other variables (USEPA 2000).

However, some indication about the overall
suitability of fish for human consumption in
the Coos Estuary is provided by the Nation-
al Listing of Fish Advisories, a compendium
created by the United States Environmental
Protection Agency (USEPA) to alert the public

ODEQ Fish Tissue
Sampling Sites

@ 2006
O 2005
® 2004
® 201
G 1999

0 5 10 Miles
(1S | S

Figure 4. Fish Tissue Sampling Locations. Data ODEQ 1999,
2001, 2004, 2005, 2006

Aluminum 12 1442 376.5
Arsenic 1 051 114
Cadmium 74 0.04 0.05
Chromium i2 031 082
Copper 11 1.06 2.06
Iron 12 3878 180.76
Lead 4 013 0.26
Mercury 9 0.03 0.05
Nickel 8 0127 061
Salanium 12 029 0.42
Silvar 4 0.01 0.01
Tin 1 28 28
Zinc 12 16.08 24.08

Table 11. Metal concentrations in fishes of Coos Estuary. Data
ODEQ 1999, 2002, 2004, 2005, 2006; USEPA 2000

of any potential health hazards. Similarly, the
Oregon Division of Public Health maintains a
listing of active fish advisories and consump-
tion guidelines in Oregon (OR Health Division
n.d.).

For additional information regarding nation-
ally recommended safe consumption limits,
refer to Volume 2 of USEPA’s “Guidance for
Assessing Chemical Contaminant Data for Use
in Fish Advisories” (USEPA 2000).

Sediment Quality in the Coos Estuary and the Lower Coos Watershed
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Synthetic Organic Contaminants, Chlorinated Total PAHs PCBs Baife
Pesticides, and Other Contaminants d =

12%

Long et al. (1995) established sediment qual-

83%

ity guidelines (SQG) for a series of commonly
Legend

- Meets ERL Standard

I:‘ Does Not Meet ERL Standard

occurring synthetic organic contaminants,
including polycyclic aromatic hydrocarbons Bl oo et esusiandas
. . ZeroPesticide Detects
(PAHSs), polychlorinated biphenyls (PCBs), and ey
dichlorodiphenyltrichloroethane (DDT)(Table TR R DRt
Figure 5. EMAP data (1999-2000) showing sediment contam-
1)' These SQGs use the ERL and ERM evalu- ination by percent of total study area (3,348 square miles) in
ation criteria (see Guidelines for Assessing Washington and Oregon estuaries. Data: Hayslip et al. 2006

Sediment Quality sidebar).

pesticides and other synthetic organic con-

. . . taminants (Figure 5).
With respect to synthetic organic contam- (Fig )

inants and pesticides, sediment quality in " ' of I
- . . T E ryi i region
Pacific Northwest estuarine sediments has e Coos Estuary is typical of a regiona
pattern of relatively low sediment contamina-
tion. In 2002, the USEPA conducted a survey

of soft sediment habitat in the estuaries of

historically been relatively good. In 1999
and 2000, the USEPA sampled 8,670 square

kilometers (3,348 square miles) of estua- o 4 Californ I
rine sediment in Oregon and Washington as Was] Ington, (:]regon, ar.1 Ela ! Z.m'a (Ne s.on
part of their Environmental Monitoring and et al. 2007). They examined sediment toxic-

Assessment Program (EMAP)(Hayslip et al. ity by calculating the Effects Range Median

Quotient (ERM-Q), which is intended to be an

2006). Their data suggest limited exposure to
indicator of overall sediment contamination.

T, |

N

Pony Slough SE of Airport
EMAP Station OR02-0026
o R K P P
-~ = Isthmus Slough South of Shinglehouse
& ‘ EMAP Station OR02-0044
g o0.08
i
E 0.06
H
2 004 A A A
£ AbA AL
0.02 AAA A A & AA A AA
' A A A A
A A A

Figure 6. USEPA EMAP stations
(left) and Effects Range Median
Quotient (above). Shaded in
graph above area represents
stations for which there is an
increased risk of sediment tox-
icity. Data: Nelson et al. 2007;

IEI \r\\ |r: 5 1IDM|Ie5| Long et al. 1995
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An ERM-Q < 0.1 corresponds to low proba-
bility (11.6%) of sediment toxicity (Long et al.
1995). Most Coos estuary stations easily met
the low toxicity risk benchmark. Only one sta-
tion (Pony Slough subsystem) failed to meet
the benchmark (Figure 6).

ODEQ monitors pesticides, tributyltin (TBT),
and PCBs in the Coos estuary as part of their

Coastal Environmental Monitoring and As-
sessment Program (CEMAP). CEMAP moni-
toring was conducted in 1999, 2001, 2002,
2004, 2005, and 2006 at 60 Coos estuary sites
(Figure 7).

If“ =N
s
= it
P g
/—u}

CEMAP Sediments
all sites 1999-2006

[ Non-detect

™ Present but below
reporting limits

o Present and above
reporting imits

A Pesticides

@ PCBs

W 78T

s
0

e
e

5 10 Mils
o —

The CEMAP data indicate little exposure to
pesticides, PCBs, or TBT in the Coos estuary.
Between 1999 and 2006, CEMAP recorded
nearly 2,500 observations in the study area.
Just over 1 percent of all CEMAP observations
were “true detects” (40 observations)(i.e.,
above reporting limits)(Table 12).

USACE also evaluates sediment quality by
comparing sediment contaminant levels to a
“screening level,” which is used to determine
the acceptability of management alternatives
for dredged materials (Sediment Evaluation
Framework for the Pacific Northwest 2009).

=

Figure 7. CEMAP observations (1999-2006). Observa-
tion sites are classified into three categories including
non-detection (light blue), detection below reporting
limits (dark blue), and detection above reporting limits
(yellow). Reporting limits are the smallest concentra-
tion of an analyte that can be measured by a labo-
ratory. There are multiple observations at each site.
Non-detection means that the contaminant has never
been observed at that site. Detection means that the
contaminant has been observed at least once since
1999. Data: ODEQ 1999, 2001, 2002, 2004, 2005, 2006.
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True sites for their Mussel Watch Contaminant
Comtaminant S IERLET  Monitoring Program (Figure 8)(NOAA 1986,

Aldrin 65 5

Alpha-Chlordane 65 0 1996, 2006). The NOAA data set includes 216
Sicldrin 56 g observations for contaminants with estab-
Endosulfan | 66 0 )

Endosulfan Il 66 0 lished SQGs (See Table 1 for SQGs). All of
Efies R St 5 2 these observations met the SQGs (Table 14).
Endrin 66 0

Endrin Aldehyde 77 o]

Endrin Ketone 77 0 .

Mokt o5 5 Total Organic Carbon

Heptachlor epoxide 66 1 .

Lindane {gamma-BHE) = $ Total Organic Carbon (TOC) occurs naturally
Mirex 66 0 in estuarine sediments, but elevated TOC can
Toxaphene 66 0 “ N .
Trans-Nonachlor 65 0 change the “benthic” (i.e., sea floor) environ-
Tkl BET L2 - ments, deplete oxygen levels (ODEQ 2014,
Total PCBs 1,440 22

Total TBTs 132 3 Pearson and Rosenberg 1978), and can be

Al Contminans iz - associated with the presence of other pollut-

Table 12. CEMAP Sediment Contaminants Observations (1999- ants (Hyland et al. 2005)_ In the 2012 National
Coastal Condition Report, USEPA outlines sed-
iment quality standards for TOC (Table 15).

2006)

From 1989 to 2009, the USACE evaluated
Coos sediments for several contaminants
including pesticides and PCBs, TBT and other
butyltin compounds, PAHs, total petrolium hy-
drocarbons (TPH), chlorinated hydrocarbons,
phenols, phthalates, and “miscellaneous ex-
tractables” (see Figure 2)(USACE 1980, 1989, ; Al
1994, 1998, 1999, 2004, 2009). | Myioring Stion

Generally, chemical analyses indicated very
little sediment contamination. Many of the
USACE observations were below reporting
limits (Table 13). However, in 1994, testing at
Mid-coast Marine and Hilsrom Marine (two
formerly operational shipbuilding sites in
Isthmus Slough) revealed elevated TBT levels
(USACE 1994).

: 0 5 10 Miles
Since 1986, the National Oceanic and Atmo- 0 o~ L ) ‘

spheric Administration (NOAA) has monitored  Figure 8. NOAA Mussel Watch Contaminant Monitoring Pro-
gram site locations Data: NOAA 1986, 1996, 2006.

sediment contamination at two Coos estuary
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Chlorinated
hydroearbons,
phenols,
phthalates, and
misc
extractables

des and
PCB=s

Festi

Mo chlorinated
hydrocarbans were
abowve repoarting
limitz. Phenols,
phthalates, benzoic
acid, and
dibenzofuran were

2005 MopestzorPCEs
detected abowe
reporting limits

detected in several
=samples, but did not
approach screening
lewels.

TBT and butgitin
compounds

Folynuelear Aromatic
Hydrocarbons [PAHs)

FaHz were detected in zome
samples, but levels were well
below screeing levels.

Total Petrolium
Hydrocarbons
[TPH)

Diesel detected at an
estimated & ppm in one
=ample and 40 ppm in
another. Fesidual range
organics [je. lubricating
ailz from motar oil,
hyrdolic Fluid, ete)
detected in two samples
at B8 ppm and 330 ppm.

2004 MoFCEorDOT
detected. Some phtalate compounds

elevated Chlordane detected in fine-

lewels. Histarically  grained sediments

Chrlodance has not from lsthmus

been detected in samples, but these

Coos sediments.  observations did not
approach screening
levels.

Two phenal and three Ro butylin compounds

present at detection
limit=

Sewveral PAHs were detected
within l=thmus Slough.
Haowewer, these
observations did not
approach screening levels.

1999

Testing conducted b
euvaluate the
acceptability of dredge
=poils disposal after the
Mlew Carriz=a spill event.
Did not detect petralium
hydrocarbans at levels
exceeding
recommended
screening level.

1555 Mo pesticides,
FCBs, or
chlorinated organic
coOmpounds were
abowe method
detection limits

Several phenaol,
phitalates, and
dibenzofuran
detections, but all of
them were below the
soreening lewel

Evaluated Isthmus
Slough sediment at
sites of concern,
including Mid-Coast
Iarine and Hilstrom
Marine. Only 2 stations
[both at Hilstrom]
indicated the presence
af & butyltin compous
[mionobutylting. The
highe st concentration
enceeded screening
lewels by 432

1994

Sediment contained
elevated levels of TET
near Hilztrom and Mid-
coast Marine.
Evidence of togic
effects bo oysters in
some areas. Fefuze
Appears o settle
quickly near the edges
of the channel in
sediment that is not
frequently dredged.

The concentration of
diowindfurans in
sediment samples
were yery low, with
only 3 of the 17
dicindfuran
congeners tested
detected.

1239

Table 13. Summary

of USACE Sediment
Quality Evaluation
Report Conclusions
(1989-2009)
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Table 14. Summary of

Year Analyte  Observed Value (ng/ g dry sediment) ERL (ng/ g dry sediment] ERM (ng/ g dry sediment)
Coos Head Menitoring Station NOAA Mussel Watch
1996 Total DDT 0,09 158 46.1 Contaminant Moni-
1996 Total PAH  2.23 4,022 44,792 toring Program (1986-
1996  Total PCB 026 227 180 2006) Data: NOAA
2006 Total DOT  0.02 158 46.1 1986, 1996, 2006.
2006 Total PAH 6 4,022 44,792
2006 Total PCB 0.13 227 180
Russell Point Monitoring Station
1986 Total DDT  0.45 158 461
1987 Total DOT  0.57 158 46.1
1996 Total DOT  0.19 158 461
1996 Total PAHs 50.43 4,022 44,792
1996 Total PCB 095 227 180
2006 Total DDT  0.67 158 461
2006 Total PAHs 13027 4022 44,792
2006 Total PCB 2.09 227 180
Rating Cutpoints
Good The TOC concentration is less than 2% of sediment compaosition Table 15. Sediment
Fair The TOC concentration is between 2% and 5% of sediment composition g:::_tn;ts::;gjlsz'
Poor The TOC concentration is greater than 5% of sediment composition '

According the USEPA, TOC levels in Oregon
coast sediments generally meet the criteria
for good sediment quality (Figure 9)(Nelson
et al. 2007). In 2002, less than 2% of estua-
rine sediment on the Oregon coast had TOC
levels associated with poor quality sediment (
> 5% TOC)(Nelson et al. 2007).

The regional trend for low TOC is reflected
in Coos Estuary sediments. Lee Il and Brown
(2009)(Western Ecology Division of the USE-
PA) reported that median Coos estuary TOC
levels were the second highest in the state,
but overall sediment quality was still high
(TOC < 1% of sed. composition)(Table 16).

The USACE has maintained records of TOC in
Coos Bay sediments since 1980 for the the
Lower and Upper Bay subsystems (USACE
1980, 1989, 1994, 1998, 2004, 2009). A few
samples were also collected in the South

12

10

5% TOC

Percent Total Organic Carbon
=
—

WEST WA OR CA SF BAY

Figure 9. TOC levels in west coast estuarine sediment (mean +
1 sd). Data: Nelson et al. 2007

Slough (1998 and 2004), Pony Slough (1998),
Isthmus Slough (1898, 1994, 2004, and 2009),
and Coos River (1980)(see Figure 2).

USACE records indicate that the organic con-
tent of Coos River sediments has historically
been low, and, in the Upper Bay Subsystem,
“TOC [concentrations]... were typical of un-
contaminated coastal and estuarine sedi-
ment” (USACE 1980, 1989).
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Median TOC

Percent of Area with

Table 16. TOC sed-

Percent of Area with

Estuary (% Sediment Composition) fair quality sediment (2-5% TOC) poor quality sediment (> 5% TOC) iment composition
o = of Oregon estuar-

Alsea 0.6 2.5 a . g

Nestucca 0.16 71 0 ies. Data: Lee Il and
salmon 0.34 7.3 <1 Brown 2009

Tilamook 0.41 26 o

Umpqua 0.51 9.6 0

Yaguina 1.30 214 ]

USACE Observations
®  Good(<2%)
O Far(24%)
®  Poor (>5%)
Subsystem Average

Figure 10. USACE
TOC observations
(1994-2009) and
subsystem aver-
ages. Data: USACE
1994, 1998, 2004,
2009 Sediment
quality standards:
USEPA 2012

In 1994, the USACE evaluated sediment
quality near Hilstrom Marine and Mid Coast
Marine, two formerly operational boat repair
sites in Isthmus Slough (USACE 1994). By
current standards, the average sediment
quality at both Hilstrom (2.85% TOC) and Mid
Coast Marine (4.87 % TOC) was fair, but Mid
Coast Marine sediment tended towards poor
quality, with four of the five samples exceed-
ing 5% TOC.

In more recent years, USACE data have
indicated good sediment quality on average
in some subsystems (e.g., South Slough and
Lower Bay) and fair sediment quality in others
(e.g., Upper Bay and Isthmus Slough)(Figure
10).

TOC was monitored in all nine project area
subsystems (see Figure 2) as part of the
Coastal Environmental Monitoring and As-
sessment Program (CEMAP) in 1999, 2002,
and 2004 (ODEQ 1999, 2002, 2004).
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CEMAP Observations
A Good(<2%)

A Fair@%)
A Poor (5%)
Subsystem Average

Figure 11. CEMAP TOC observations and subsystem
averages. Data: ODEQ 1999, 2002, 2004. Sediment
quality standards: USEPA 2012

In 1999, TOC levels easily met the USEPA
recommended water quality criteria (ODEQ
1999). Observations in 2002 generally met
USEPA guidelines. However, there were in-
stances of fair to poor sediment quality (2-5%

1999 CEMAP DATA

Number of Number of Average TOC
Subsystem Sites Observations (% Sediment Composition) _Minimum Maximum
Catching Slough 2 a 0.73 0.0 148
Coos River 2 4 0.1 0.06 0.15
Lower Bay 2 a 041 0.05 0.47
South Slough 1 2 011 0.1 011
Upper Bay 3 6 0.46 0.2 0.93
ALL SUBSYSTEMS. 10 20 0.41 0.03 1.48
Haynes Inlet 4 5 149 115 2.01*
Isthmus Slough 3 3 3.43° 117 5.13°"
Lower Bay 4 6 113 0.07 5.41%*
North siough 1 1 147 147 147
Pony Slough 2 2 2.36% 207" 2.65%
South Slough 3 3 103 04 145
Upper Bay 13 13 0.99 0.29 241
ALL SUBSYSTEMS 30 33 141 0.07 5.41**
Haynes Inlet 1 1 0= 2% b Pagd
Lower Bay 1 3 0.8 0.8 0.8
south slough 1 1 14 14 14
Upper Bay 3 3 3.87° 13 5.4
ALL SUBSYSTEMS 6 6 a3 08 12

* Exceeds EPA guidelines for fair water quality ( >2%) ** Exceeds EPA guidelines for poor water quality (>5%)

Table 17. CEMAP observations and subsystem averages
(1999-2004). Data: ODEQ 1999, 2002, 2004. Sediment quality
standards: USEPA 2012

TOC) in Haynes Inlet, Pony Slough, Isthmus
Slough, and the Upper and Lower Bay subsys-
tems (ODEQ 2002). In 2004, CEMAP observa-
tions suggested good sediment quality in the
Lower Bay and South Slough subsystems and
fair to poor sediment quality in the Upper Bay
and Haynes Inlet. TOC levels in Haynes Inlet
were more than double USEPA’s recommend-
ed values (Figure 11 and Table 17)(ODEQ
2004).

In 2006, ODEQ measured TOC in Isthmus
Slough (ODEQ 2007). Sediment quality was
fair to poor, with only one measurement indi-
cating good sediment quality (Figure 12).

TOC in suspension has been measured spo-
radically from 1995-2012 in the South Slough,
Isthmus Slough, Coos River, Pony Slough, and
Lower Bay subsystems (ODEQ 2001, 2007,
2009a, 2009b, Water Board 2012). General-
ly, TOC concentrations in these subsystems
range between 3-4 mg/L. However, anoma-
lously high TOC levels were measured near
the Joe Ney Construction Debris Landfill

in South Slough, with several instances of
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Goos Bay

Coalbank Slough
at Hwy 101

Isthmus Slough
upstream of transmission lines

sthmus Slovgh_—_
at Millington

=]
"\ 1a8% IDEQ Isthmus Slough 2006
A Good (<2%)

Isthmus Slough _—2
2t Sumner Bridge
Fair (2-5%)

Poor (>5%)

1> >

Observed Value

Figure 12. Isthmus Slough TOC observations 2006. Data: ODEQ
2007. Sediment quality standards: USEPA 2012. SS-South
Slough, LB-Lower Bay, PS-Pony Slough, IS-Isthmus Slough,
UB-Upper Bay, NS-North Slough, HI-Haynes Inlet, CR-Coos
River, CS-Catching Slough

concentrations ranging from 20-42 mg/L and
once instance of 60 mg/L (ODEQ 2009a). For
more detail, refer to the Organic Carbon sec-

tion of the Water Quality Chapter.

Why is it happening?

There are many potential sources of metals,
synthetic organic pollutants, chlorinated pes-
ticides, petroleum hydrocarbons, and other
pollutants in estuarine sediment (USEPA
2002). The toxicity of these chemicals in es-
tuarine sediment depends on several factors
(Bauer and Bianchi 2011; USEPA 2002, 20073;
Bentivegna et al. 2004; Flemming and Trevors
1989). As a result, it can be difficult to deter-
mine sediment contaminant sources.

Despite these difficulties, several tools have
been developed to track potential contami-
nant sources, including USEPA’s Toxic Release
Inventory (TRI) and “Brownfield” site listings

as well as ODEQ’s Environmental Cleanup Site
Information (ECSI) program.

It’s important to note that these programs

III

often list sites as “potential” or “suspected”
sources of pollution. Therefore, registry with
these programs does not necessarily mean
that a facility is responsible for the release of
pollutants into the environment. Supplemen-
tal details about the sites that are enrolled

in these programs can be found in the online

databases (ODEQ n.d., USEPA 2014b).

In addition to ECSI, ODEQ also manages a
confirmed release list (CRL). Registry with the
CRL means that the release of pollutants has
been confirmed and documented at that site
(ODEQ n.d.).

There are 3 TRl sites, 4 Brownfield sites, and
sixty ECSI sites in the study area (ODEQ n.d.,
USEPA 2014a)(Figure 13). Although there are
sites in all 9 subsystems, the majority (61%) of
these sites are located in the Isthmus Slough
and Upper Bay Subsystems (ODEQ n.d., USE-
PA 2014a).

These sites represent a potential source of
contamination to the soil, groundwater, sur-
face water, and sediment. They’re listed for a
variety of reasons, including but not limited
to mismanagement of hazardous wastes,
accidental spills, and historic practices that
are presently ill-advised. The suspected pol-
lutants include metals, PCBs, PAHs, TPH, TBT,
dioxins, and other industrial chemicals (e.g.,
wood preservation chemicals).
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it 7 . Figure 13. Location of
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4 i | n.d., USEPA 2014a
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Fourteen of the 60 ECSI sites in the study Background
area are CRL sites, meaning that the release
of pollutants has been documented in nearly
a quarter (23%) of all ECSI sites (ODEQ n.d.).
Similar to all ECSI, the majority (78%) of these
CRL sites are in the Upper Bay and Isthmus
Slough Subsystems (Figure 13). These CRL
sites are industrial properties, including boat
building, metal works, lumber mills, and sheds (Shacklette and Boerngen 1984; USEPA
fueling stations. They are listed for misman-
agement and improper disposal of pollutants
resulting in the confirmed release of metals,
PCBs, PAHs, TPH, TBT, and other industrial
chemicals into the soil, groundwater, surface
water, or sediment.

Metals, synthetic organic contaminants,
chlorinated pesticides, and other pollutants
can enter estuaries from a variety of sourc-
es, including effluent from nearby industry
or agriculture activities (USEPA 2002). Many
metals (e.g., iron, copper) are also naturally
abundant elements found in coastal water-

2007b). Contaminants that enter estuaries
are often adsorbed onto suspended particles
that eventually settle into depositional basins,
where they enter the sediment (USEPA 2002).
Some metals (e.g., copper and zinc) are a
necessary part of a healthy estuarine environ-
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ment, because they facilitate important met-
abolic functions (USEPA 2002, USEPA 2006).
Other metals (e.g., mercury, lead, chromium,
and cadmium) have no known metabolic
function (USEPA 2006).

The toxicity of contaminants in sediment

is determined by several factors, including
the physical characteristics of the sediment
(e.g., grain size and organic content) as well
as other chemical and environmental factors
such as pH, redox potential (i.e., the tendency
of a contaminant to acquire electrons), water
hardness, organic content, and the availability
of other pollutants or binding agents (Ben-
tivegna et al. 2004; USEPA 2002, 2007a; Flem-
ming and Trevors 1989). Since toxic responses
in plants and animals require the transfer

of chemicals from the environment to bio-
chemical receptors on or in an organism, the
toxicity of these pollutants may also depend
on species-specific physiology (USEPA 2007b).
Estuaries are complex interfaces between
terrestrial, marine, and atmospheric organic
carbon (OC) sources, both naturally occurring
and human-generated (Bauer and Bianchi

Remineralization to

2011)(Figure 14). Estuarine OC may be lost
through naturally occurring geological mech-
anisms (e.g., sedimentation and remineral-
ization) as well as chemical processes (e.g.,
flocculation and precipitation)(Bauer and
Bianchi 2011).

Estuarine carbon cycling is influenced by hu-
man activities (e.g., wetland drainage, dam-
ming and diversion of waterways, and other
land use changes, as well as aerosol sources
such as fossil fuel combustion and biomass
burning). These activities have the potential
to rapidly change and further complicate an
already intricate process (Bauer and Bianchi
2011).

Organic matter (OM), such as TOC, is an
important source of food for benthic fauna.
However, an overabundance of OM in the
sediment may reduce biodiversity, because
the decomposition of excess OM is associated
with oxygen depletion and the accumula-
tion of toxic by-products (e.g., ammonia and
sulphide)(Hyland et al. 2005, Diaz and Rosen-
berg 2008). Excess OM may also be accom-

Figure 14. Potential sources
and pathways of introduction
of terrestrial dissolved organic
carbon (DOC) and particulate
organic carbon (POC) to the
coastal ocean via watersheds,
rivers, and estuaries. DOC

1 Remineralization to ¥

' gaseous products |
H i

*
i gaseous products ¥
"
:

Estuaries |,
(Internal modification)

and POC are the components
of TOC. Also shown are the
potential losses from natural

3z (e.g. remineralization and sedi-

Sediment burial

Sediment burial

Small mountainous rivers and very large rivers

mentation) and anthropogenic
(e.g., damming and watershed
modification) factors. Figure
and caption: Bauer and Bianchi
2011
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High Zone1 Zone 2
Species

Abundance

Low

Increasing Organic Input

High | NO2 Zenell Zone 2 Zone3

Benthic Response

Low

Low High
Sediment Organic Carbon Concentration g

Figure 15. Species richness, biomass, and abundance in
response to increasing organic input (top) and the benthic
response to organic carbon in the sediment and co-varying
stressors (bottom). Responses have been divided into three
conceptual “zones,” representing low organic carbon (green),
intermediate levels (yellow), and high levels (red). Source:
Pearson and Rosenberg 1978; Hyland et al. 2005

panied by increases in chemical pollutants,
because high OM levels require some of the
same environmental factors that facilitate
increases in other contaminants (e.g., in-
crease in finer-grained sediments that allow a
greater surface area for adsorption)(Hyland et
al. 2005). Pearson and Rosenberg (1978) have
modeled of benthic response to increasing
OM levels (Figure 15).

In their model, low OM levels (Figure 15,
Zone 1) result in high species richness due to
the combined effects of the sufficient food
availability and few environmental stressors.
Over the intermediate OM range (Zone 2),
species richness declines, because sensitive
organisms are unable to withstand increas-
ing exposure to environmental stressors

(e.g., depleted oxygen, toxic by-products of
OM decomposition, and increased chemical
contaminants). However, hardier/opportunis-
tic species may be tolerant of increased OM
levels, resulting in a net increase in species
abundance and a secondary peak in biomass.
At high OM levels (Zone 3), environmen-

tal stressors exceed most tolerance levels;
consequently, there is a precipitous loss of
biodiversity.
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