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LEVELS IN THE ENVIRONMENT

PCDD/PCDFs In Storm Water Outfalls Adjacent to Urban Areas and
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i. Iotroduction

Polvchiorinated dibenzo-p-dioxins and dihenzofurans (PCH ¢
and ubiquitous sediment contaminants in industnialized waterways - :
urban runoff, combined sewer outfalls (CSOs), and atmospheric deposition have been ide

significant sources of these compeunds?™ More recently ane
arban street runoff is a significant environmental source of PODDIY

Cabifornia, as well as in other pans of the world ¥

Francisco Bay, Oakland and Bernicta, which repres
mixed urban-industrial land uses, respectively'®

sterm water samples from 13 Jocations in the San Franci
homelogues and 2,37 8-substituted congeners at different 1o
PCDD/Y ioadings to San Francisco Bav, Dioxin fingerpring

concentrations in storm water
2. Methods

“ampling In the first investigation. storm water sampies were coll
period simultaneously from cutfalls in the Crties of Oakiand and B
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light industrial and heavy industrial land uses (hereafter referred to as “urban™). The remaining
seven locations consist of areas within or adjacent to petroleum refineries (hereafter referred to as
“refinery”). Two one liter grab samples were collected at each outfall, by submerging a bottle under
the surface of the water and allowing the bottle to fill. Samples from both investigations were stored
on ice at 4°C until laboratory analysis.

7CDD/F Analysis. The cleanup, extraction and quantification of PCDD/F homologues and 2,3,7.8-
substituted congeners in storm water by high resolution gas chromatography / mass spectrometry
was performed by Alia Analytical Laboratory (El Dorado Hills, CA) according to USEPA method
i613A™, The method detection limits for 2,3,7,8-substituted congeners and homologue groups
ranged from 0.29 pg/L to 3.8 pg/L in the first investigation and from 0.83 pg/L tc 10 pg/L in the
second investigation.

PCDD/F Pattern Reccgrition. The principal components analysis (PCA} techmque used
characterize the rejative distributions of PCDD/Fs in storm water samples has been described
-’ie where®. PCA modeling was conducted using Pirouette {version 1.4, InfoMetnx, Seattie, WA}
The dma were autoscaled to minimiz“ any statistical bias associated with the orders of magnituds
: ons of different PCDD and PCDFs. For the pume

ot the Pt

oncenirations in storm water. The te
i Tahles i

copnducied during both

ions of 2378

<

er Jﬁﬁ in Be

in Table 1. ZPCDD concenyrations
cember, 1095 ranged
5 Rheem (Channely with an arithmetc
Convenuations i urban outtalls ranged from i6 pg 2% IR
#heem Channei’ with an arithmetic mean concentratian of 148 pg/li
-ampled adiacent 10 refineries the ZPCDD concentrations ranged fro

is sampie

fiter {F;

m

‘u (Exxon) with an arithinetic mean concentrgtion of 1086 pg/iiter i

urialls sampled adjacent to refineries ranged from 33 pg/h(c' {Shellywo 131 pg!iiz*r (E)‘A 0Tt} vn..‘.
zr. arithmetic mean concentration of 78 pp'liter. 23.7.8-TCDD was not defected ip any ¢f the

“ehinery or urban storm water collected during the first storm water sampling evem

nples collected during the second storm event (which

i cam sied berween
February and April, 1996) were generally lower in 2,37 8- cubsmuxej CC“L!‘;‘N’T\ and homologue

groups than the samples coliected during the first storm event. EPCDD concenirations in wban
sterm water outfalls ranged from 68 pg/liter (raxmeld) to 3.933 peg/liter (Alameda) with an

arithme
outfalls
pa/liter
second
concen
te refin
concen
water ¢



remaining
‘erredto as
ottle under
~ere stored

nd 2,3,7.8-
ectrometry
>A method
Zue groups

3g/L in the

2e used to
+ described
attle, WA).
magnitude
fth- OCA

iuring both
of 2,3,78-
in Benicia
from 27 to
ean of 831
aged from
nean of 49

torm event
er (Contra

X PCDF
ntra Costa
er outfalls
i1) to 2791
trations in
ixon) with
any of the

1 between
< ‘gue
-\._-rban
) with an

COMPOUNDS
Vol. 32 (1997,

LEVELS IN THE ENVIRONMENT

arithmetic mean concentration of 1349 pg/liter. EPCDF concentrations in urban storm water
outfalls ranged from non-detect (ND) (Fairfield) to 463 pg/liter (Alameda) with an average of 148
pg/iiter. The EPCDD concentrations in storm water collected adjacent to refineries during the
second sampling event ranged from ND (Shell) to 1140 pg/liter (Unocal) with an arithmetic mean
concentration of 318 pg/liter. ZPCDF concentrations in samples collected from outfalls adjacent
to refineries ranged from ND (Shell and Chevron) to 171 pg/liter (Unocal) with an arithmetic mean
concentration of 49 pg/liter. 2,3,7.8-TCDD was not detected in any of the refinery or urban starm
water samples from the second sampling event.

Toxicity Equivalents (TEQs). The total TEQ levels in Ozkland storm water ranged from 0.07 pp/L.
(Oakland 5) 10 64.97 pg/L (Oakland 6). The total TEQ levels in Benicia storm water ranged from
0.01 pg/L (Benicia 3 and 4) to 13.86 pg/L (Benicia 8). TEQs in storm water were seen to follow the
same temporal trend as the concentrations of ZPCDD and LPCDF discussed previrusly The T
in refinery and urban storm water outfalls collected during the first sampling event ranged fron
peiliter (Shell) to 10 pg/liter (Exxon) and from 0.6 pg/liter {Fairfield) to 15 pg/liter (Guadalvpe)
respectively. The TEQs in refinery and urban storm water omfal!s from the \emn* fdr“pmg i
ranged from ND (Sh 1} 10 3 pg/hter (Unocal) and from .14 pgilite R
medz). respectively

Fingerprint Pasterns. In general, PCA results indicate that the compasition of PCDD/Ts were sin
among storm water samples collected during the first storm event of the 1995/96 wintzr seaso

different from the composition of PCDD/Fs in storm water collected during subsequent stofm events
The differences were primarily attributed to a predominance of hepta- and octa- chle
PCDD/Fs in storm water samples collected during the second storn event. Among urban cu
unique distributions of PCDD/Fs were observed among several siomi water sas N
rcsul's of urban sampling conducted as pan of the second study were compared 10 1
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i
apper range of PCDIVE concentrations found in both investigations, particularty
congeners, as well as TEQs. TEQ levels were significantly higher in storm wate
takiand (as high as 65 ppiier) than in runoff from Benicia {as hagh as 14 pefliten}
Oakland storm water alzo were significantly higher than TEOs calculated inanv of the refs

urban siorm water samples collected daring either the first or second samplin
PCLD/F TEQs in storm water collected at the five outtalls located adiacer
significantly lower than the TEQs in storm water sampies from i
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The distinct temporal variability in the distributions of PCDD/Fs in the Qakland and Benicia
outfalls™ suggests that discrete sampling may be an inappropriate method for determining the
concentrations of these compounds in storm water; although, it may provide some information on
mass loading to San Francisco Bay. Time course studies appear to be an important consideration
for gauging true environmental concentrations of PCDD/Fs during events that have a strong
temporal bias.

The results of fingerprint pattern recognition using PCA suggest that it is possible. but difficulr, 1o
distinguish sources of PCDD/Fs among urban outfalls  Clearly, there are muliiple sources
PCDD/Fs to San Francisce Bay. The results of this study also show that inciemental contributic
of petroleum refineries to PCDD/F loadmg to San Francisco Ray in u;vha“le {ram othes
non-refinery sources, and suggest that s 3 2n are :
: 1 important sources of FOL
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Table | Dt Summarnies for PCDD/Es i Storm Water Samples from Urbar.* and Petroleum Refinery Areas”
Usban-1st storm event” Usban:2nd Storm Evens” Refinery-1st Storm Event’ Refinery-2nd Storm Evens®
Congener b No Postive®  Max’ Mip* Mean' N No Positive®  Max' Min' Mean" N No Positive’  Max'  Min* Mean" N No Positive®  Max' Min® Mean"
2,3,7.8-TCDD “ [{ . R & ¢ . 5 [ B - 5 [ - - B
1.2,3,7.8-PeCDD ‘. ki 4 Wiy 3 *' ¢ “ M t 5 . 3 N i 5 QO
1,2.34.78-HxCDD ‘ 4 4 NI A . g iy Mk 4 3 s 5 NI» 3 5 a - - .
12,3,6,7.8-HxCDD : 4 MDD G . A o) i 4 W OND 3 5 0 A
1,2,3,7.8,9-HxCDD E a {5 ML 4 W [R5 © s .t 9 NI 5 5 0 . . .
1.2,3,4,6,7.8-HpC DL 280 150 f ‘ 460 8 1o i g 270 A8 118 N 3 140 ND 41
oCDD " : 1700 HKe 1070 A i 1404y ey Y160 5 o 2500 20 Q54 5 4 1000 ND 277
2,3,7.8-TCUF * . NN £ £ : 2 ) : ¢ 8 - 5 0 . . .
1,2,3.7,8-PeCDF ' ? VoMY i R . ; HD (i d [} . . . 5 0
23,47 R-PeCE ‘ Rl Yy i ! : 4 Rie] l % t 2 NI 1 5 0
2 7,8-HxCUF " A . t ] s 1y ' ‘ : 4 W) : W) 0
1.2,3,6,7 8- HxCOF ‘ : it : ; . M ; : 8 N 1 N 0
2,3,4,6,78-HxCDF K “ : i " . N 1 “ M ! 2 5 § 0
1,2,3,7.8,9.-HxCDF . : 8 & ; H N 05 S 0 - . -
1.2,34,6,7,8-HpCD ! ot : i s i : A & Ml 5 k) 51 ND 14
‘n 1,2,3,47 8 % DY 4 WY . 4 . N 2 3 N i 5 0 . - -
QCDF % % [ L. bt 4 5 gy NI 38 s : R 1% 47 5 3 120 ND 15

Tabie 2. Dot Summaries for PCIID/Fs in Storm Water Sampies {rom Oskland and Bemcia, California

INIWNOYIANT 3HL NI ST13ATT

Qakland Remicin
Congener M Mo Positive’  Max' Min* Mear N Mo Posive’  Max’ Min® Mean® Notes fur Tables | and 2
23.78-TCDD ) 4 77 OND 07 It Q a Urhan- Consist of runoff {rom a mixture of developed, undeveloped. residential
1.2..7.8.PeCDIL} i trooN ] 5 3% LY Ll commercial and industrial land including. Sunnyvale East Channel, Guadaiupe
1,2.3,47.8.BxCDN v b it T o ta i [ River, Castro Vatley Creek, Rheem Creek. Wainut Creek and Laurel Creek
1.2,3.6,7.8-HxCDD ¢ I3 4. \ d v o] 3! bt Refinery- Consist of outfsi draining areas in and around petroleum refineries
12,32 9-HxCDD il L 4G My t i o 1 ity ta mcluding. Shell Martinez, Fxxon Benicia, Unocal Rodeo. Tosco Avon and
1234578 HpCDD S SR T ¥ i LHeoonn aw Chevron Richmond
OCDL f LY I GO T N R ‘ s W DR L « lst Sterm Event- samples collected in December 1995
2.3, 7.8.TCOF b ! Koo N i i : P Ri¢] e d. ind Storm Event- samples collected between February and April 1996
1237 8-PeCLF B T ! N o EI (e » Mo Positive- Number of samples above detection limit
1,3,4.78-PeCDF LI SR o : D N Y 1 Max- Maximom detected concentration for outfall or outfall group
12,347 8-HuCDF i 4 7 ND < ] ) N it g Min Minimum detected concentration for outfall ot outfail group
1,2.3.6,7 8- HzCDF Al b CAN N ‘ 33 N0 g h Mean- Anithmetic mean concentration for outfall or outfall group
22.4.6,7 8. DF it : Al ML v i £ S te i M Not Detected
123,7,8,9-Hx(DF 0 T ; Chub
12,34 6,7 8- HpCh Y n e o W N -
1234789 HpCD¥ 5] N TN S " i W v
OCDF 1 i NG 4L 1RO i in A I 03




