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Table 2.

Phosphate Flame Retardants in
Estuarine/Marine, Stormwater, and
WWTP Effluent Samples (ng/L)

The state of California has — ™ P gﬁ
implemented unique Tris (1-chloro-2-propy) phosphate

(multiple isomers)
Location Year TCEP TCPP TDCPP TPhP TBP TCrP TPrP TBEP TEHP EHDPP TDBPP Reference

flammability standards + el lo o2 e ) e
| ‘ y San Francisco Bay this study
- | T e sl eeE et Southern California Bight | 2006-2007 | N | ND-S56 | | | | | | | | | |Vida-Dorschetal 2012
fo r c 0 n S u m e r ro d u cts Iy P Gl PINCER River Elbe Estuary | 2010 | 5-20 | 40-260 | 6-30 | ©03-4 | 2-75 | | | Np-go | | | [Bolmannetal 2012
: N North Sea (GermanBighty | 2000 | | s8-8 | | | | | | N6 | | | |olmannetal 2012
e Tri-n-butyl phosphate T Stormwater - r 1 - i 5 ]
a n d Ot h e r c O m m 0 n : Richmond, Calif.  2013-2014 | 24-370 | 620-15300 | 130-180 | 47-95 | 40-210 | ND-16 | ND-12 | 710-2400 | ND-11 | ND-14 | ND |thisstudy
Tricresyl phosphate Sunnyvale, Calif this study
O——P—0 Frankfurt, Germany* | 2008-2009 | 33-275 | 16-5791 | ND-73 | | 4-47 | | | ND-16%6 | | | |RegneryandPuttmann 2010
Oods In response tO na Tripropyl phosphate WWTP Effluent - 1 - 1 ¢ |
g . p K SF Bay WWTP 1 this study
\ Tris (2-butoxyethyl) phosphate SF Bay TP 2 “oow | o [ asw | ow [ e | @ [ o7 | W | e | w | W | o lmesuy
: - f Table 1. S B 7 7 TS R - 20 2 N Y (77
tionwide phase—o uts of poly— Tris (2-ethylhexyl) phosphate Oattand, Calt e Tweos T p T o o o o o T e
y yl) phosp Phosphate Southern California | 2006-2007 | ND-1700 | 610-2700 | | | | |~ |Vida-Dorschetal 2012

brominated di phenyl ether (PBDE) flame re- 2-Ethylhexyl-diphenyl phosphate Flame <) T ————————_——_——I cneo. 20

: 176 2 eraleme e vl (o es e Retardant 2005 | ND 1600 | 2701400 | 701400 | No-170 | No-a10 | N85 | | 18-8a00 | Wb | | |Menineecaalosia 200
tardants, manufacturers began to substitute

Abbreviations * samples taken from stormwater holding tank
other tlame retardant chemicals in their TDCPP contamination was nearly four times greater at
prod ucts. Little is known about many of the the Richmond site, while TCrP, EHDPP, and TDBPP con-

di fh : hlor g Analyses were conducted on 4 L grab samples: Phosphate flame retardants were widely tamination was more common at the Sunnyvale site.
IVEISE array o .rc.)mlne-, chioring-, an e AMBIENT BAY WATER: Single samples from 12 lo- detected in San Francisco Bay. ® Bay stormwater contamination is generally similar to that
phosphate-containing compounds that have cations; eight collected in July (dry season), four e TCPP was typically the most abundant contaminant, reported in Frankfurt, Germany, with higher levels of
| d £ th h ical collected in October, and two collected in Novem- followed by TBEP and TPhP. TDCPP, TCEP, and TBP were TDCPP and lower levels of TBP (Table 2).
replaced PBDEs. Some of these chemicals ber (beginning of wet season) also widely detected. TCrP, TPrP, TEHP, EHDPP, and TDBPP

: : e TCPP was typically the most abundant contaminant in
have been in use for decades, while others e STORMWATER: Two samples collected during each were detected rarely or not at all. WWTP effluent, followed by TBEP. TCEP, TDCPP, TPhP, and

' : of two storm events from two different urban, in- e Qualitative data from polar organic chemical integrative TBP were also widely detected. TCrP was detected at
:/lre new In rPecent Stufdleil'vthe Réglci_nal_ dustrial channels samplers (POCIS) deployed in the Bay in 2010 also sug- lower levels, while EHDPP, TEHP, and TDBPP were detect-
onitorin rogram t1o0r ater Quality In e gested that TCPP was a relatively abundant contaminant; ed only at WWTP 3. TPrP was not detected.
.g J y * WASTEWATER: Single samples of eftluent from in contrast, there were few detections of TBEP and TPhP . -
San Francisco Bay (RMP) has detected some three WWTPs (Klosterhaus et al. 2013). Because POCIS are designed to e Bay WWTP effluent contaminant levels were similar to or

of these alternative flame retardants in sam- Samples were filtered to allow analysis of both partic- survey polar compounds, they may not adequately char- less than those reported in other regions (Table 2).

: : : ulate and dissolved phases. Some phosphate flame re- acterize less polar phosphate flame retardants. e These snapshots suggest effluent may be an especially im-
ples of Bay water, sediment, and biota. Typi- tardants are also used as plasticizers, so sample expo- portant pathway for TCPP and TDCPP, while stormwater

: - sure to plastic was avoided. may be an especially important pathway for TBP, TCrP,
caIIy, they are found in lower concentrations EHDPP, and TDBPP. Both pathways also appear to have

¢ Contaminants were more concentrated in southern parts
of the Bay, where surface waters experience the least

All samples were analvzed for tri-ester oraanophos- amount of mixing with non-effluent ﬂOW, particularly N : . L .
than PBDEs. The levels observed have been phate floame retardan%; using a highly sen%itivep iquid the dry season, and have the highest hydraulic residence tgiﬁg’cBeantlal to deliver significant TCEP, TBEF, and TPhP
far below the effects thresholds that exist chromatography-electrospray ionization(+)-triple time compared to other segments. The average total 4
quadrupole mass spectrometry (LC-ESI(+)-QQQ-MS/MS) concentration of phosphate flame retardants in the Phosphate flame retardants may pose potential risks
for a few of these compounds, but for most based analysis method (Chen et al. 2012; Chu et al. South and Lower South Bays was four times higher than | Bay wildlife
: : : 2011). Labeled internal standards (including d27-TBP, in the rest of the Bay. Averages of all individual phos-
of these chemicals the pOtent|a| risks are un- d15-TPhP. d12-TCEP, and 13C12-TBEP) were used. phates were also higher in southern parts of the Bay. ® Some South Bay samples exhibited concentrations of

Limits of detection for each compound ranged from TPhP approaching the marine aquatic toxicity threshold

known. Starting in 2014, Changes to Califor- 0.1 t0 0.3 ng/L for all but TDBPP (0.8 ng/L). A single ® Comparison to limited data available for other regions in- of 370 ng/L (predicted no effect concentration [PNEC];

P 1k ; . dicates San Francisco Bay has higher levels of contamina-
- Nnia’s flamméblllty standards may lessen the JE_epllcate c|>f e_fclchfma%’rc]rlx Wasl_colclected at a r?preglekr)\ta— tion for most phosphate flame retardants relative to ECHA 2014).
use of chemical flame retardants and there- Ve 5aMpPIe SILE, TUINET replicates Were analyzed by other estuarine or marine regions (Table 2). ® Concentrations of other phosphate flame retardants

subdividing samples in the laboratory. were generally an order of magnitude or more below

® Previous monitoring has detected some of these concentrations expected to elicit toxic effects in aquatic

fore reduce the potential risks in the Bay.
. Y contaminants in Bay sediment, bivalves, and aquatic

Results revealed good quality assurance and control

Preliminarv results from a new survev of al- performance. Duplicate analysis revealed relative stan- . organisms (ECHA 2014). However, relatively few toxicity
: 4 : y dard deviations less than 8% except for two samples bird eggs (Klosterhaus et al. 2013). studies are available for many of these compounds. Of
ternative flame retardants in Bay water, (15% and 16%, respectively). Spiking tests revealed av-  phosphate flame retardants enter the Bay note, TDCPP and TCEP have been identified by the state
t t d t ter t t t erage recoveries of target analytes ranging from 82% via stormwater and effluent of California as carcinogens. Furthermore, the potential
stormwater, ana wastewalter treatmen to 99%. Internal standard recoveries ranged from 81% ' for jcmp_agts caus%efcil by exptOSt(ere ’ch envlcrgnmenlta”yd"tele'
to0 92%. Only trace levels of contamination (a total of e TCPP was typically the most abundant contaminant in vant mixtures ot rlame retardants must be explored 10
plant (WWTP) eftluent are presented. <10 ng/L) were observed in laboratory and field stormwater, followed by TBEP. TCEP, TDCPP, TPhP, and TBP thoroughly assess the risks to wildlife.

blanks. Lab blank contamination was subsequently were also widely detected. TCrP, TPrP, TEHP, EHDPP, and
subtracted from final results. TDBPP were detected at lower levels.
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® San Francisco Bay is widely e TPhP concentrations in the
contaminated with phosphate Bay are approaching the
flame retardants, with higher marine PNEC; other phos-
levels measured in the phate flame retardants do
southern region where not exceed established PNECs
effluent discharge has a (ECHA 2014).

reater influence. D
9 Lack of ecotoxicity informa-

Detection of phosphate flame tion is a concern, particularly
retardants in WWTP effluent because the effects of
and stormwater suggests long-term exposure to low
these compounds migrate levels of these contaminants
from consumer products and are largely unknown. In addi-
enter the aquatic environ- tion, the effects of exposure
ment via both pathways. to multiple phosphate flame
retardants have not been ex-

San Francisco Bay monitoring amined

data are a critical addition to

the limited number of Recent changes to California’s

measurements available for flammability standard for

these compounds, especially foam furniture (TB 117) may

in estuarine and stormwater reduce the use of some phos-

matrices. phate flame retardants, po-
tentially leading to lower con-
taminant inputs to the Bay.
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