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REGIONAL MONITORING PROGRAM FOR WATER QUALITY IN THE SAN FRANCISCO ESTUARY

Results
The Regional Monitoring Program for Water Quality in the San Francisco Estuary (RMP) monitors water, sediment, and biota on a routine basis
to evaluate impacts of multiple discharges. In addition to trace metals, PCBs, pesticides, and PAHs, the RMP has recently begun monitoring . .
polybrominated diphenyl ethers (PBDEs). PBDEs in sediment and water are dispersed and have relatively uniform concentrations, reflecting Water BIVBIVE.IS o 4 Water and Sediment
their ubiquitous use. In biota, the concentrations appear to be higher in the Delta tributaries, suggesting either a localized source or a signifi- Table 1 shows PBDE concentrations for 2002 through Concentrations in bivalves ranged — — — e Very few studies have characterized concentra-
cant loading from the Central Valley. Concentrations of PBDEs in biota in San Francisco Bay are some of the highest observed worldwide, sug- 2005 water samples. Dominant congeners in water are from 3.98 to 105.6 ug/kg with an aver- ¢ By ‘ ¥ tions of PBDEs in water; however of those stud-
gesting the importance of continued monitoring, especially of biota. In addition, monitoring will be important for determining the efficacy of PBDEs 17, 47, 99, 100, 153, 154, and 209. However, age concentration of 29.5 ug/kg ( & » Concentration of PBDE-47 ies, values for the San Francisco Bay are within
the recently implemented ban in California on penta-PBDE and octa-PBDEs (effective June 1, 2006). much of the 209 data was flagged an unreportable 25.9). Dominant congeners are 47 and ia in Bivalves at the San Joaquin River the reported range. PBDEs in Lake Ontario
due to significant blank contamination (>30% of total 99. As shown on Figure 4, concentra- | & 6040 ranged from 4 to 13 pg/L, with PBDE-47 and
from the Delta tributaries (resident Tt e : PBDEs (Luckey et al. 2001). Sediment concentra-
: Table 1 clams) and lowest in the South Bay. r WO G{Bﬂﬂ \. - N~ ’Ic.|ons are in jchhe range of vaIL!eS”rep;OIjted I;: the
) In trO du Ct’ on Congeners detected in Water (pg/L) Concentrations also decreased with o Iterature wit PBDE-209 typically being the _
ooy evamora o o ' 20015 2002 20025 2003 2363.5 2004 2004.5 2005 2005.5 dominant congener (LaW et al. 2006) Reflectlng
. LU EIAs el LU LEER R B il ' -' the diverse uses of PBDEs, concentrations in
The largest estuary on the west coast, San Francisco Bay has a watershed o water and sediment are relativelv uniform
that drains approximately 40 percent of the State of California (Conomos 1 Minimum 01 135 79 13 07 06 120 Concentration of PBDE-47 SRR Concentration of PEDE-47 y '
1979) (Figure 1). The San Joaquin and Sacramento Rivers that enter the Es- . in Bivalves —Coyote Creek _ in Bivalves at Davis Point Concentrations in the South and Central Bays
_ _ _ Maximum 50.3 337.0 189.0 73.3 19.9 20.5 1090.0 60.00 BA10 - : :
tuary in the north contribute approximately 90 percent of the flow; the ~— Species sampled: 0000 were on average higher than those in the North
small tributaries primarily located in the South bay contribute the remain- Average 89 63.7 390 126 4.3 3.5 309.0 g 40:00 ' o Cortiout s gso.oo . Bays (i.e., 4_9 ug/kg vs. 2.4 “9/'(9) reflecting ;Fhe
ing 10 percent (Conomos 1979). In the summer months, no rainfall occurs % O Mytilss californianus g O lower flow, increased urbanization, greater in-
and the discharges from wastewater treatment plants in the South Bay Std dev 1.6 230 129 48 11 04 2472 2 mzzzz fluence of POTWs, and the higher percentage of
exceed tributary flows (Conomos 1979).The estuary is located in a largely 8 1000 T ° S~ finely grained sediments in the South Bay.
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urbanized area with approximately 10 million inhabitants. 04— oo .
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The Regional Monitoring Program for Water Quality in the San Francisco Concentrations of PBDE-47 are relatively uniform N e Concentrations observed in bird eggs in the San
Estuary (RMP) monitors water, sediment, and biota on a routine basis to throughout the estuary, which may be a result of Concentration of PBDE-47 BA40 BA30 Concentration of PBDE-47 Francisco Bay area (e.g., 24,000 ng/g lw) are
evaluate the cumulative impacts of multiple discharges to the Bay. This diffuse sources to the estuary or its solubility en- in Bivalves at Redwood Creek in Bivalves at Dumbarton Bridge among the highest observed worldwide. Hites
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information is used to prepare National Pollution Discharge Elimination hancing dissolved transport pathways. (Figure 2).

System permits, to develop Section 303 (d) listings of impaired segments

(2004) reported gull eggs concentrations in 2000
to be on the order of 7,500 ng/g lw. Similar to
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of the Bay under the Clean Water Act, and to provide information for the J P o other studies (Hites 2004), congener 47 is the
development of Total Maximum Daily Loads. The RMP monitors trace ele- N B U 2 oo dominant congener in piscivorous bird eggs.
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men_ts,hand organics including polychPrmated blpheny.ls {PCBS), polyaro O@O ) g @3 5 . oo e Bivalve concentrations in the Bay (i.e., on aver-
ma.tlc ydrocark.)on.s (PAI:S)’ and p6§t|C|deS. _In 2002, this list was expanded o O © 6 Zm ATRE Mo Anee A NG A AEE , b "%%002 2002 2005 2003 2004 2004 2005 2005 2006 age 29.5 ng/g) are hlgher than those reported N
to include monitoring of polybrominated diphenyl ethers (PBDEs). Oo S Year the literature, 1.7 ng/g (dry) to 13.5 ng/g (lipid)
o _ s (Hites 2004; Law et al. 2006). Fish concentrations
The results from the monitoring of water (2002 to 2005), sediment (2004), $ | corrected for lipid content (average 1089 ng/g
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bivalves (2002 to 2005), cormorant eggs (2002 and 2004) and sport fish o X 82320_300 r Cormorant E . lw) are on the order of those reported by Hites
(2003) are presented below. o O 100-200 99 (2004) for North American fish (average 1050
o © S 2001:; Map shows sampling locations of Cormorant eggs. Figure 5 shows total 5 ng/g Iw).
9, % —— PBDE concentrations in the composite samples. PBDE concentrations < Don Edwards Pond A9/AT0 _ _ .
2@ ranged from 3.2 ug/g (lipid weight — lw) at Don Edwards in 2004 to 24 24000 & = Richmond Bridge : >an Fra.nC|sco Bay are.a ha.s rel.atlvely h'g_h con-
) Me th o) dS °, ug/g lw at Wheeler Island in 2002. Dominant congeners were: 47, 100, 22000 heeler [ane centrations of PBDEs in biota in comparison to
| and 99. Lower concentrations of 153/154 were also identified. 20000 other study sites; however, recent bird egg and
: : : : L Me 2 18000 bivalve results suggest that concentrations of
Samples were coIIecte.d in accordance with Field Sampling Manual e PBDE congeners were separated by the gas chromatograph and 600 _ PBDEs may be decreasing.
for the Regional Monitoring Program for Trace Substances detected by HRMS with two exact m/z’s monitored for each 2 14000
(http://www.sfei.org/rmp/documentation/fom/ FOM2001.pdf). compound. 5 12000 5 Recommendations
Quality Assurance Project Plan for the Regional Monitoring Program Sediment | néi 12222 e Continued monitoring of PBDEs is important to
for Trace Substances describes the quality assurance and quality con- 7 _ _ _ _ a ' i
: i y . . : y Bivalves Total concentrations of PBDEs in sediment in 2004 - r SO0 - determlne the efficacy of the ban of penta and
trol (QA/QC) protocols and requirements for RMP field sampling and : . . _ N\ SN ) A 3 octa mixes.
. e Transplanted mussels (Mytilus californianus) collected from un- ranged from 0.3 to 15.4 ug/kg with average(xstdev) P hesteristang— €.\ 4000 3
laboratory analyses (http://www.sfei.org/rmp/reports/1999 . . Y . ) ] _ Himendior Ty r 2000 Conti g o f biota i i
QAPP/1999_QAPP.pdH) contaminated “background” site and deployed at 9 sites in the of 3.4(x 2.9) ug/kg (Figure 3). Dominant congeners W 2o : | | | | ontmu_le monitoring o oiota is |.nr.1portant to
B B ' ' Bay for 90 days during the dry season (June to September) annu- are (in order of decreasing concentration): PBDE- 2001 2002 2003 2004 2005 determine whether thgre Be significant long-
ally. Resident clams (Corbicula fluminea) collected from 2 Delta 209; PBDE-47; PBDE-99; PBDE-204; and PBDE-17. - term decreasing trend in biota.
Water sites (Sacramento River and San Joaquin River). a
e Annual collection at 31 sites in dry season (July/August): : | ‘ ' > A_cknoyvledgement; " .
_ e Homogenized and extracted by U.S. EPA Method 3545 3 San Francisco S @ 0ailand Inner Harbor This work is funded by the Regional Monitoring Program for Water Quality in San
26 random and 5 fIXEd ) ] ) . ] Water Front <> Francisco Bay, a unique program that is funded by all of the dischargers to the San
(Pressurlzed Fluid Extractlon). Dried and filtered extracts were o 1 £ | Francisco Bay including refineries, wastewater treatment facilities, Qredgers, an(_i storm
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filter cartridge in series with XAD-2 resin filled Teflon® columns). and fractionated on a Florisil column. o & ® 100 - 2;';”;;:;;‘1,“3,;;7 Landing Marine ;an?fg?f,’fiﬁ;,g“ge;gft'ﬁgﬁtt;yf‘;ﬁsaﬁgagy;;;:'
e Soxhlet extraction, gel permeation cleanup, Florisil and layered e Analysis on HP6890 high resolution dual column GC/ECD. ' Sum of PBDES (SFEN References
acid/base silica and alumina chromatographic fractionation. ° e 0001984 (agk) Conomos, J.T. 1979. Properties and Circulation of San Francisco Bay Waters in San
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e U.S. EPA Method 1668 Revision A analysis (HRGC/HRMS) on an HP Cormorant Eggs 3 ® oo South oy S : g . e e e mar oL and i Pecple:a
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6890 gas chromatograph. e Cormorant eggs collected from 3 locations (Wheeler Island, Rich- O 4-o N 5 A s r # 2 0 Law, R. J., Allchin, C., de Boer, J., Covaci, A., Herzke, D., Lepom, P., Morris, S., Tronczyn-
. . . . © G 2-4 Don Edwards San Francisc PPRational Wildlife Refuge o ski, J. and C. de Wit. 2006. Levels and Trends of Brominated Flame Retardants in
mond Bridge, and Don Edwards National Wildlife Refugee). Ten 0 g © o ND-2 2 . European Environment. Chemosphere 64:187-208.
Sediment eggs composited and analyzed using a similar method as bivalves. s Lo <h < T Gntari sufare waters. Proceedings of Second internationa workshop on bori-
. . . © - Sport FIS = 40 nated flame retardants in Watanable and Sakai (2003) Environmental Release and
e Annual collection at 47 sites in dry season (July/August): < é% Miap shows the location of sportfish sampling and Figure 6 shows PBDE : 0 Behavoir of Brominated Flame Retardants (29) 2003 p.665-682.
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e Surface sediment samples (top 5 cm) are collected with a port Tish coflected 1ro ocations wWithin the bay trienniatly. detection. Highest concentrations of PBDEs were observed in white B ND=1 ﬁ She, J., A. Holden, M. Tanner, M. Sharp, . Adelsbach, and K. Hooper. 2004. Highest
Young_modified Van Veen grab and composited. Targeted Species included California Halibut, Jacksmelt, Ieopard sturgeon and white croaker (i.e., median concentrations of 40 ng/g ND=2 — ND.=7 2 : PBDE levels (max 63 ppm) yet found in biota measured in seabird eggs from San
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