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LEVELS IN THE ENVIRONMENT

PCDDIPCDFs In Storm Water Outfalls Adjacent to Urban Areas and
Petroleum Refineries in San Francisco Bay, California, USA
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McLarenIHart Environmental Engineering, 1135 Atlantic Aven.ue, :"Jameda. California 945(>1 toS'~
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Western States Petroleum .-".ssociation, One CGDcoro Center. :30n C!gy1Gn Road. Suitt' 144(}
Concord, California 94520-2148, USA
William J. Luksemburg
Alta Analytical Laboratory, 5070 Robert J Mathews ParKway, Ei Dcra,io l'Ells, Cali:-";'"
USA

I. Introduction

Polychlorinated dibenw-p-dio;;:ins and dlbenwf'urans (PCDD hoyt ben ft'"c0gnizc(j BS

and ubiquitous sediment contamina.'1ts in industriaiized '"alem ay~ l<cn-point so':ref" 3ucn
urban runoff, c-ombined sewer outfalls (CSOs), and atmospheric deposition have been idenllf:cd
S:lgniticant sources of tL~s~ compc'unds(l,3,4) 1\.1on: recentlY 2.tlentioD h;15 heen dr2\\-'Jj t,._ \·\-ht:th~r

urban street runoff is a significant enVirO:1!;lenta) "cur,'(" 'i' PC[)J)-'!'s if' S,m hiFh

~.. allf(1n!ia~ as ,,\leU as:n c\ther pans of the- \\'orld (S.t"

in this paper the results of two separate storm wa:ei ;[!\'",,,,!,ga1;"ns are descnbi/ C? '''C:

investigation involved the collection of stom1 water s;unj'ies :',[\m two outfal1lociltnn', F:e s~;;

Francisco Bay, Oakland and Benicia, which represent(',' ~"!:'lf\Jtn di ..charge-s fTC",1 '·'bi·'"
mixed urban-industrial land uses. respectively(~~ The second ;rwestlgatJon. invclviPf the ",,,,,y,"l'"_
\Vater Quality Control Board, San Francisco Bay Region (RWQCIh involved tt;e ce;),c,:L

storm water samples from 13 locatiDns in the San Franciscc' Bay Area"'. rh-, d,s" :r-,uuc;

homologues and 2.3,7.8-substituted congeners at different !ocalic'j~ \'. ;;,E analyzed ,. ,>,,'
PCDDT loadings to San Fran-:,s("o Bay, Dioxir~ fingerprint r:i!1Fn", r'Tre,-pmative (,f "'''.r. \c~:ih"

were also characterized to exarnine the effect of different dominant land U5es, if an'" ('n PCD)', ':
cJfi(:entrations in St0ffi] water

2, Methods

<:omplzng In the first investigation. storm water samples Vd,re (,,·Heeled ;::ach h~'\l' \.I'e

period simulta!leOusly from outfalls in the Cities of Oakiar.d inC: Genic iJ. during tlie.' f",' :"',,

of the 1995/1996 wmki season Eleven stonn wa:er sillT.pks \'.ere collected at the Cb.kl"nd'u~f_'.'

;lIld ten samples were collected at the Benicia outfall using methods described previously'·:' In tht
sec-ond investigation, storm water samples were wHeeted during two slom) events d L~C' 199" ,qee,

winter season. A total of thirteen locations were included in this study Runoff at 5i \ ,ol' d"
locat,ons is frum areas considered :; mixrure of develQpt'd. llndeveloped. residentiaL ccmi:lcn;"i,

::JRGANC'HAL()GEN {~~Cl~v1P() .lNG'S
\, 'i!1 32 I i ~r;r!'i
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-~:. C'hOV9Ti tn Table 1. 'E PCf)I) c(tnc-entrations H1 urban ~)ulfuH:- saJ11pied dunng th(~ f;:-st :~h)nTI c\'c::(
-·~L.;.:h occ-J.ITcd iii Dce.-emh:2L 10 (5) ra.~gf"d frc,!,., 11{) pg!I1~~r (Fairfield' !C\ lQgC rf--'ln~r tC()nH~~

'. ~~~:a R}leern Chan.J.'le!.1 \",·ith an arithnletic n1e:::n concentri-Hion of ~:~ :·0 ptz,-'iner L PCr)F
.,_~rJcent.ration~' in_ urb3D outfaHs !?Jlged froiL i (i pg.'lirel (F~,,lrflelJ) ro 2}C: pg!Lt.:~ (Centra C('::.u­

r'!wem Charmer> with 30:1 arithmetic mean co;l<:entIatlon l)f 148 pg!liter in stom, water outfall,

ampled adjacenT Til refineries the 1: PCDD concentrati"ns ra.'1ged from 31 g pgJlite r (Shell) to 2791
,-'g/liter (Exxon) v..ith 3.J1 anttJneti ..' rnean ClHk~entrdli0n (tf 1086 pg/liler rpCI)f ccni_-entnnl,)riS i~~

'LFlalis sampled adjacent 10 refineries ranged fwm ~3 pg/lite! (Sheli) ,0 i 31 pgJlntr (Exxon) \\i,h
21'< ~!ithmetic DH:a.n concentration of 78 pglliter :'~3,7,8vTC"DD \V3S ;)~,{ de:e-eted in an:- cf ~bf

-":'"l~neI)' or urbari st(~ml \\-'ater collected during tljC- first stOftn \Adter Sfu7"lphng e\-t;-n1

Dioxin '97, Indianapolis, Indiana, USA

PCDD/F Analysis. The cleanup. extraction and quantification ofPCDDlF homologues and 2.3.7,8­
substituted congeners in storm water by high resolution gas chromatography / mass spectrometry
was performed by Alta Analytical Laboratory (El Dorado Hills. CA) according to USEPA method

1613A(1). The method detection limits for 2,3,7.8-substituted congeners a:1d homologue groups
ranged from 0.29 pg/L to 3.8 pg/L in the first investigation and from 0,83 pg!l. to 10 pg/L in the

second investigation.

'0 Rcsult~

;':('[J[)/F cO,I:t..:ct1rrorions in storm V",Qler -The resuh~ of stonn \\·atcr s.;-unpbng condu(~ej during bot.h
'·~-~-~~rjgaticTlS are S'.i;rrnar~zed in lahle~ 1 .and -: !f! generaL tht C[~i1ce·ntr3.!lons of 2__~_7_S·

~u:'<-,lituted congeners alH.1 hornoiogue gruups \~'ere hIgher in C)a}.:JnnJ s~n:T"-; \V3!t:f than in Beni(::<~

'~,'Jtt~ Thi;\ 2:pc'·nr) and 'LPCDF (,()!1(~~\1r3~ions in {)akland slnfrp \X;~!C'f ranfEd ffiJITJ :c'"? hi

-~,{_ pg-"ller (J1;thrnetlc r!i~an of :60: pg.-'lilCi) and 15 ll."' 2t)"O pgllite; in~;jji -~·f ~:-~~;

~_"g.:hter). respectively In Benicia stunn \\'ate:. L PC[lD and ~ PC[)F cc\ncent.r!ili\.);--~5 ranged hern
~.o 2~78 pgJEter (arirhnlciic meJn of 48d pgfli!t:'l-\ and 7 t.) 207 ppJ1ilc~ xiii It-;Lt;\.~ fn~ap cd" 4!:
'ten, He "pe-eli vel)

rCDD/F Pattern Recognition. The prinCipal components analysis tPCA) techmque used tt:

characterize :he relative distributions of PCDDiFs in storm water samples hb been described
>lsewhere(8, PCA modeling was conducted using Pirouette (versIOn lA, infoMetnx, Seanie. \\'A)

rhe data \vere autoscaled to minimize any statistical bia.'.: associated \\'ith the Qrders of rnagnitude
,~.iffcrences in the concentrat~ons of different PCIJ[) and PCf)Fs For the pUfPcse u1 the t'C:.~,

~-<iInrles c\)lle(ted dnring lhe sec.ond stO!Tn e\-"ent (\vhich included s~"11p1e~ .. ,<ie;:led r-.(;,\ee:'
lebruary and April. 1996) were generally lowe-! in 2.3,7.8·substituted congeners and homc,loguf

f ['JUpS tha.'1 the sarnples coiiected during the tirs! stom1 event. 1: PCDD conl't"ntra!jons in urban
O1C'mJ water outfalls ranged from 68 pgfltter (Fairfield) to 5.933 pgfiner lAiarneda) wltD an

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.
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4. Di"cus,jO[l

~~nc-er:~;Jtions c:'pld ~H: idc=ntlfled hct\\.'ec:n Sfu'11ple-~ cc·Hected fTC'rr! refiner;' a;-e~~.':. ,-ur;;:!!-;

em-ironments (which included nmoff from areas consisting of a mixture ofdevelcp';,1, w,devt';.:>p<:c.
Tcsidentiai, commercial and industriai land)~ and urban areas such as the ci!if~ ,--~f 13eni: ,a 3r~d

JciJarld The conrcntr:ai0ns of PC'r~D.:"Fs in storm \-vater frorn ()aklaJ1d generally n~present(d tbe
c;rper range of PCDr..n-' concentrations found in both 111"estigatioTls, particularly fl' [ tndi'I,L!;,'
congeners, as well as TEQs TEQ levels were significantly higher in storm water rW;GfI 11(·(1'
Uakland \~ lugh as 65 pg.lilCfj than in mnoff from Bt:nicia (<J5 high as !4 n;!litFf) JE')c i,

i)aJJarlJ ~lon~l \Vater i1'~'~' v.. ~:re sifnificantl) higher thaD TF(~~: ca!culated in 3J1V ~jfihe renneT'.
~i;-han Sk·r:-n \.\:ater ~=':_:i!nrlt'-s collected during eit..~er the firs.~ or se(';):1d s:ID1pling e\-er:lS. in 3d/~i~ii,_":_

PCDD/F TEQs in storm water collected at the five outlaUs located adp:ent ;0 relincl;e,' ,",etc

~ig.:tific:a.."1tly lo\\'er than the TEVs ~n SL)rn, \V3~t'r s.1Inpie<.;, fr{'Fl u;Da.T; k~2!i:_--[l) cr\Pe'cL,d dur>-:i' "-;..\t~

the fIrst &.nd second sarnpling e"vcnt5

Fmgerprirll I'allerns In general, PCA results indicate that L'1e composition ofPCDD,l"s were s;mi!.cu
among storm water samples collected during the first slorm event of the 1995/96 winter seasc,fL kr
different from L~e composition ofPCDD/Fs in storm water collected during subsequent strmn eve,,:,
The differences were primarily attributed to a predominance of hepta- 3.o.'1d uc~~· cpJorm?,l,d
PC'DD/Fs in storm water samples collected during the second stonn event Among UIban oi1lfal!s.
unique: distributions of PCD[)/Fs ~'ere observed anlong several Si0I11i \A/dtet" S2..H;pte:; \\'-~L-~

results of urban sampling conducted as part of the second study were compared to Ii me COUEi cl2"'~

-:(~!il"ctt\"ias part of the first study~ tJ-rc distributions ofPCDDiTs in the n~c.joiit: uf Lub_ii-; <~urn:

sa.mples were similar to those colkcted at the onset of hourly sampling conducted 2' the HeLl':;,].
C)2Jd311d outfalls. In addjtic·n. snnle differences in the COD1j-'(}S1tionof PCD[J/Fs Vc:ere !l'~;l,>i 2~:,['~-'

Toxicity Equivalents ([EQs) The total TEQ levels in Oakland storm water ranged from 0.07 pgIl.
(Oakland 5) to 64.97 pg/L (Oakland 6). The total TEQ levels in Benicia storm water ranged from
0.01 pglL (Benicia 3 and 4) to 13.86 pgIL (Benicia 8). TEQs in stom1 water were seen to follow the
same temporal trend as the concentrations of ~ PCDD and ~PCDF discussed previously The TE():;
111 refinery and urban storm water outfalls collected during the first sampling event ranged from )
pglliter (Shell) to i 0 pg/liter (Exxon) and from 06 pglliter (Fairtield) to 15 pg!liter (Guadah:po.'i
respectIvely The TEQs in refinery and urban stonn water ou\falls from the second ~amrJing e\Cn,
ranged trom ND (Shell) to 3 pgiht:r (Unocal) and frorn 0.) 4 pg1i\er (Fairfie!,-r f;)

!~J31llc-da)< respectivel:,

arithmetic mean concentration of 1349 pglliter. ~PCDF concentrations in urban storm water
outfalls ranged from non-detect (ND) (Fairfield) to 463 pglliter (Alameda) with an average of 148
pg/liter. The E PCDD concentrations in storm water collected adjacent to refmeries during the
second sampling event ranged from ND (Shell) to 1140 pglliter (Unocal) with an arithmetic mean
concentration of 318 pglliter. E PCDF 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 stann
water samples from the second sampling event.
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')rr3ty~~s ·:;f ptJtentential sour~e~ ~)f }·ut:... ~hjorir~~~ed CiI'tfll"-[--']i·":<'inS

~Sidueo in samcal sediments fT' n Nn\ "" t P..a..
.. _, p

,~rh'·. \ t"; .. \·1.M. Megehee L 1 j,."." J H r lorlr 'CJ.; (\ i~

i\b>:.L7f,!u..raIls a.'1d PolychlorirL3te-d 11ih<':f;zc,dii."'''. \_!l~' Jr' S(:6(~~r:1~:-;r

1ntemational Waterways. Hll Waste Haz Mat 11 C:'). 25.::':?75
j_'SEPA. 1994. Estimating b.posure ((I Dioxin-Like Compound<, "hime!l
:~ources:. Occurrence. and Bach'Tound Ex.posures United Stales t '-,\ ;rUl,men(;,.! Pnl·.XU­
'."cncy Office of Research «sid Development. Wa-.hinglOD, DC FPA:600i6·88iOe,5Cb
Huntky, S.L., TJ. lannuzi, lD. Avantaggio, H. Carlson-Lynch. c.\\ '~dllnidt BL fjnln
;~i~;t_ C\J111oined Sewer Overflovvs (('S(>:'.) c..5 '.~-':lY('e~ (If St>5~:T/"-~-:t '~':·';l~:l.~n~f:;~!~.~,'-· (~

O\\T[ Pass.a1C River, Ncv.,·' JerstY II PDlychJuiinated Dit~n.l.l> r,- ~}in;- 1T~._ Polychi\..'nrL.n~~-:~

lhbenwflirans, and Polychlorinated Rjphf'n.\'i~ ('henl('.sphfr~ -:-,\.(- ~:.-:, .... r,;,p

-~~ht3.r N?\t~ C.\V"< Schmidt.. S.J l-1~Lrj!k--!' r}\\~ C'r&-,,\'lcrd, B.t "-;;,~.~- '~Y:J6- }-~\':~

.f:nt' Factors Relating Combined Sewer Overflows v.cith Sccc'",.:,- ';''',cninat\-.
l "wcr Passaic River. Mar P,Jlh;; J3uli 1): ns-30..
.·._:.usteDbac~ D.l, \Venning~ R.J"> t,,1att;uf.. ~).B LJkst.lnbur~'._ '~.\'" ,: v\

::'[.':'11\',aler Discharged to Sa' Franc;,co Bay. Ca!ibmuS\
'''c..:ms <L'1d Reiated Compoll.I,cb AmSlerd3IT1. Nelherlands. _'-, T'-; '-r-J;­

"~eg'(JruU \l,'ater Quality Conn,,; Be'ard. Sal' Fra',ci,e') Ba;
C'o.·:.1non f;,,1j Dioxins in the Sd.l; I?'iinC;StC, Bfi\-- ~.1._itc

Dioxin '97, Indianapolis, Indiana, USA

The results of fingerprint pattern recognition using PCA suggest that it is possible. but difficulI, to

distinguish sources of PCDDlFs among urban outfalls Clearly, there are multipie sources of
PCDD/Fs tl} San Francisco Bay. The results of this study also show that incremental comribUlion~
of petroleum refineries to PCDDIF loading to San Francisco Bay is indistircguishable fwm l1th"
non-refinery sources. and suggest that surface nlnc.fffron, l'rb~j :lYeas SV_-: l>:: c,f Cui.;">,,
-rlay :;;Pl(SciH important sources of PCDD!Fs te· (he aquatic ennronme:

The distinct temporal variability in the distributions of PCDDlFs in the Oakland and Benicia
outfaIls{51 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 PCDDlFs during events that have a strong
temporal bias.
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Coni""'" ~.i Nfl PO!llhve Ma)',' M,o' Mean" ~' Nfl; Positi ...·oe t Max' Mini Mean~ N No PQ5itive' Max( Min" Meanh N No P05ilivc' Ma,,' Mini Meanh

2,J,7.S· TCOO (I (, (I \ 0 5 0
1,2,J,7,8.P.cOD 4 l~[', I,

" /'ID '\ ND I 5 0
1,2,3,.,7,8·HxCDD ., ~ !'<In " I" ""I) 4 NO .\ ,5 0
1,2,.1.6,7,8·H,CDD ,

l~ ND 1(, .:1 ('Jr.' 1(' 10 NP 6 5 0
1,2,J.7,8,9.H.CDD ,. 15 'If. ,' ..; 1<0 \' 8 Nll 5 5 0
1,2.3,.,6,7,8·HpCDlJ 24l' ')1:1 !.I)" I ,160 " !6~\ 27D .\8 118 5 3 \4U ND 41
oeDO 1100 lO(j IG70 ,If , ~4('Jfl llfl() ) 2.500 :nn 054 5 4 1000 ND 277

2,J,7,8·TCDF ~ll I '.,1) (I ) 0
1.2,3,7,I·P.cOf I \',~ r ) 1'(1) i'ili f1 j 0
2.J,.,7,~·f'.cm "l, I','D NI.' I ) 0
1.1,).4. 7,~·l1xCl)f NT) . , 0
l),,3,6,7,~·HxCm ,',n .,/0 NP " 0
2,3 ••,6.7,8.. U,CDf I 5 S 0
1,2,J,7,8,9.llxCOf NP o 'j ) 0
, .~.J,4.6.1.8·l1pCD! .".i;) .~(; 8 :.:'1 j 3 51 ND 14
I ,2,J,4,7,R.9.!II~';Dl (( t,'Ij 'I> Nf1 1 5 0
OCDF 19<- ~ xx j ,\O(~ I,'JI) ,1<;' ~2 FJ 47 5 3 120 ND 35
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Conl"""r N NQ PO~ltivt Ma'l(( Min" Me..n~' N No PC'lsltive. M..."r Mml Me.aJ"I~

2,3.7.8- reDD II • 2 , NJ) 0" 10

Ll"l.U,PC<:OD Nrl ,~ (, ) ~'O

1,2J,'.7.8·B.CDD "
" .::.

1.2.3.6.7.8·HxCDD jr. ,~ ,: I'~ I ,'l)

i,2,3.7.~,9·lhCOD 4(' 1"1: t(.,

I,V 4,~.7,~·"rCDD ,I{l'.t .'9)( "I) <~ ;]

(lCOD 621'(: i"1 ij0i , ,
n,7,~·l'COf 8 " Ni- "Ill

1,2,3,7.8·P«:1" '''J ~ :;,'"

l,J,4.7.8·pcCm iii t'I(' I',;: '·Ji.)

1.2,3,•.7,8.ll'CDF }" },il.' ii, '~r) ) 6

1,2.J,6,7,8·lhCDf ,I " t,"I"; .,[)

iJ,,__,6,7.M.,H:-.CDF II '" (~ !'·:i.. 'I,J -·n)
1J.J,7,R.9·HxCDF 0', 10 ',,0

1.2,1.' ,6,7,R·llrG>!' ~ " ..., " " ; (/ 'll' '/U

1).3.47.8,9,HpCm II Nt: )'1 HO
oem ~I ; II 51',W:~ 4. :w ','," ·t;" ,"JD 'J-,--------

NOI.es fur Tabl~s I and 2-

Il l.lrhan- Con515\ ofrunofff«i~;l a mlxtlU(: ofdc:velol'ed. undeveloped. residential
r:ommercilll and industrial land Including. ~unnyvale EaRt Channel, Guadalupe
f1.n'l:'r, Ca~lr(l Velley Crt't:k, Rhr.em Crc('k. Walnut Creek and Laurel Creek

h Rl"fj,,~ry4 Consist of outr.n!! (lramlng .(("fL.!. in and around "etroleum refint:m:s
mdudin~ Shell MaJ1inez, [,ll,;Vln Renicia" Unocal Rodeo. Tosco Avon and
Chc\'ron Richmond
c hI ,fi!I}lm (;V(ot- J.-llTlplcS cl... ll~cted in D~cemt:'ler 1995

Cl 2nd ~!orm Event· sam-ples collected betwern FebnJllr)' and April 19Q(i
I' N() P("l";lllVr- Numbr::r ofsafT",ple~ IIbove detection limil
1 Ma~~ MftXlmllrn detected concentnuion for outfall or outfall ~ro\lp

~ Min, Minimum detecttd concentration for outfall ot outfall group

h Mean- Arithmetic mea!'! conrrntratlon n~r mural1 or oUlf~ll group
i 1...11;. "-Jot /")et,ected
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