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CBECTION 1

ABSTRACT



ﬁf 101 cqmpmunds identified in effluent from the Los -
Angeles County waatewater Treatment Flant (JWPCP), 27 were
sélected for analysis in sediments and in eight species of
:banthic animals collected from adjacent to the discharge
zone. These 27 compounds were chosen baged on tﬁeir effluent
concentration, théir.mctannlfwater partition coefficient and
‘the rat LDS0 toxicity values, which were combined into tﬁé
Toxic Bicaceumulation Factor (TBAF). Results indicated that
there was a Significaﬁt correlation between the
concentration of these compounds in sediments and organisms
and their ﬂctanﬁl/water partition coetfficient. Therefore, the
Dﬁtahnlfwater partition cne%?icient has proven to be a useful
index for.predicting thé bicaccumulation of mrganic-
contaminants.

He attempted to determine the uptake and loss rates tor
campounds with high partition coefficients by exposing
scorpionfish tn:envirqnmental concentrations bf cqntaminants
in cages near the outfall discharge and depurating
contaminated scorpionfish in the lab. Our resluts indicated
“that this approach was not adequate for determining these
rates because the natural variation in contaminant
concentrations, fhe natural changes in lipid content and
métabulism and the stress of caging had greater effects on
the.ﬁnntaminant concentrations than the exposure level.

Fipally, metabolism of trace organic contaminants
aiso effects the bivaccumulation and equilibrium of
_contéminanté by thé cunversibn of the parent cdmpaunds into

oxygenated metabolites. Our results showed that the majority



of contaminants occurred in animals as their nyéenated
metabolites and that most analyses of environmemtal samples
do not include these metabolites. Also, analysis of the |
cytosolic pools ﬁf liver tissues indicated that the majority
of oxy-metabelites cccurred tnnjugated in the low-molescular—
‘weight ponl containing glutathione and 5équ95tered-away from
.sénaitive cellular sites. However, in some samples these oxy;
metabolites were alsn detectable in the pool containing
enzymes,.DNA and‘RNA as well as the pool cnntaining
'metailmthiﬁnein, which is a trace metal binding protein.
Cbnjugatinn af the oxy—-metabolites in theée high molecular
waight pools suggesfs that ;pilinver hag occurred, possibly

causing chronic effects. o
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BECTION 2

INTRODUCTION



2.1 BACKGROUND

o more than four million chemicals that are registered,‘
it is estimatéd that approximately &3,000 are in ;cammon' use
_(Maugh, 1978). buring fhe manutacture and use of these
'_cumpuunds; it is ﬁighly probable thét'many_uf thess compounds
nr‘their waste products will be discharged into the
_énvirﬁnment and eventually reach the marine eﬁDSystem. Lintil
' recenfly, {awrlaboraturies studied more than a few dozen of
these constituents and with the establishment of EPQ’S.
Friority Pollutaﬁt list (US Environmental Frotection Agency,
.;97?}, a growing number of wastewaters are now being analyzed
for appruﬁimately 120 Drgani;.cmmpnunds. Yet the compounds on
this list may not necessarily include fhe most |
envirunmenfally hazardous of these Fhehicals. Thergfnre, with
theaincreasing number of organic compounds being discharged
and the reiatively high cost of analysis, it seemed prudent
£0 devise a means of assigning priorities as to which of
:these conpounds should be routinely monitored.

'b# ultimate concern with regardé to environmental
contaminants is the fate and toxicity of the éumpuund. I+ the
contaminant does nuﬁ bicaccumulate or cause toxicity, then it
- should be of less concern than a.cmmpnunﬁ that does.
Therefore, the ability.to predict the fate of an organic
compound and i1ts potential to cause toxicity would greatly
“aid in the decision making process with regards to discharge
of organic contaminants iﬁto the environment. -
| Fartition coefficients (PCs) have been widely used to

predict the fate of organic compounds. The predictive



tapability of PCs has been applied mainly in the
phérmaceuti:al field where it was used to predict the
partitidning 5% drugs between water and lipids in the bddy
(Hansch and Leo, 1977). In additinn, in the environmental
field, Neely et al. (19?41'haye used FPCs to predict the
-binconcentratiun qf éeveral organic compounds in trout from
.tﬁeir exﬁaaure'water. Karickhotf et él. (1979) have uéed FCs
;fu predict the partitioning of trace organic compounds onto
-g'ﬁediments, and McCarty (i?Bi) used FCs to predict the
desorbtion of trace organic cumﬁnunds from éoiis to
groundwater. Bercause of evidence presented in these previous -
studies, the octanol/water Egrtition coefficient appeared to _
have a potential use for predicting the bioac-umulation of
organic coﬁtaminants from a municipal discharge into a marine
¥00d wiesh .

2.2 APFROACH

‘The approach proposed in this study was to use in situ
measurements to test the predictive capability D# the
 octanol /water partition coefficient. This was.tu be
accqmplished by determining'which nrgani: campDQnds ware
,presént in the effluent of a large municipal treatment plant. 
Then_meaauring_the'conﬁentratiuns of several target compounds
cavering a wide range.u¥ partition coefficients in sediments
.and_animals to determine whether or not the tissue
‘concentrations correlated to their partition cnef%icieﬁts.
For example, a compound with a high partition coefficient
present in the e%%luent is predicted to accumulate to a

‘higher concentration in an organism than a compound with a
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low paftition coefticient. Therefore, the tissus
concentrations of the animals exposed to the effluent
discharge should increase with increasing partition
coefficient, and animals should accumulate only those
campdunds with highfPCSIfG any significant degree.

The main prublem with thé above approach is that it does
not indicate how long an animal needs to reside in the
‘discharge zone to accumul ate these compounds. GDSEett et al.
(1982) have shown that benthic fish feeding near the
discharge zone accumulate DDTs and FCBzs to significaht higher
' cancentratione.than pelagic fish that feed for a short time
while migrating through the area. Hthing the rate of uptake
for aorganic contaminants would be useful because the
residence time needed for an animal te accumulate a
significant amount of contaminants could also aid in
regulating the rate of discharge of that contaminant. For
~example, an indicator species from the discharge zone could
ﬁe chosen and moniteored so that the rate of uptake in that
orrganism could be controlled by the rate of discharge so that
the assimilative capacity of the envirnnmeﬁt is not exceeded.
Therefore, additional experiments were designed to provide
in{ormatinn an the uptake and loss rates for certain
contaminants. Originally, intertidal mussels were the
Or gant sm 6{ choice, however, due to the high variability in
the physiology of mussels during the reproductive cycle
(Brown et al., 1983a), we decided to try using caged fish
instead. Therefore, to measure the uptake and loss rateé for

organic contaminants, fish that were collected from a



relafively clean area were placed in cages at the discharge
zone so the source of contaminants and the period of exposure
'cmuldlbe tmntroiled.

Another major factor controlling the bivaccumulation of
‘contaminants is the ability of organisms to metabholize them.
.In‘nrder to accurately predict the binaccumulatinn.nf ﬂrgani;
contaminants and also to explain why some contaminants do ﬁct
‘accumulate as ﬁredictad, the affects of metabniiém on the
equilibrium between uptake and degradation of contaminants
should alsoa be studied. The mechanisms by which this
métabclism fpccurs have been elucidated on étudies involving
rats and cther_rodents (Qlleﬁ et al., 1974, 1975, 197&4;
‘Bingell and Wallcave, 1974). The initial response to exposure
'fﬁ,hydroéarbuns is a proliferation pf the Endupiasmic
reticulum in liver fissue and an increased synthesis of -
lipida withiﬁ these cytoplasmic memhbranes (Allen et al.,.
1974, 197&). There is a concomitant increase in blood lipids .
which may serve és a transport mechanism for the transfer of
hydrocarbons from the liver to the adipose tiséue.-éince
' fhese compounds are associated with the endnpiasmic
réticulum, it ig pdstulated that the enzymes which metabolize
hydrocarbons are also located there (Hart and Fouts, 1?&5).
These enzymes are known as the mixed function oxidase (ﬁFU)
enzymes, and bave been found to be inducible by such
environmental contaminants as FCBs and benzo-a—pyrene (Spies
et al., 1982§ Kezic et al., 1983). The metabolism of
hydrocarbans usually in#olves the additibn aof an oxygen to

the hydrucarbnn to form a highly reactive and toxic epoxide



iﬁtermediate (Brodie et al., 1971; Jerina and Daley, 1974;
Shimada, 1976). This highly reactive intermediate can attach
to macromolecules including proteins, DNA and RNA with |
'possible toxic effects. Or, these compounds can be
deactivated by conjugation onto Uther cellular molecules such
~as glutathione or glucuronic acid to form water soluble.
conjugates that are not toxic to the cell. It has been
Euggesfed that whether toxic effects will occur o not
depends upon the ratio of the activation of hydrﬁcarbongzto
their deactivation processes (qudie et.alf, 19713 Jerina and
Daley, 1974).

While a considerable number of studies have been done on
the metabolism of trace organiec compounds ta‘ukygenated
metabolités by marine organisms in the laboratmry'(Halins et
al., 1979; Varanasi et al., 197%; Krahn et al., 1982, little
has been dnne an the actual ceoncentrations of these axy~— |
metabulités in the marine.envirmnment. Léb studies have
indicated that the concentration of oxy—metabolites in
mfganisms coﬁld reach up to ten times higher than the
concentration of precursor or parent compounds  (Varanasi,
1979). Yet, no one is routinely measuring these compounds or
considering them as a sowce of contamination in the marine
envirdnment. With the high abundance and diversity of parent
trace organic compounds in the marine environment from |
'lmunicipal wastewater discharges {(Eganhouse and Kaplan, 1982}
and the ability of organisms to accuﬁulate these parent
compounds to high concentrations (Gossett et al., 1983; Young

et al., 1980), the lack of attention paid to the oxy-



?metabolites could mean that regulating agencies are miasing a

ma_jor cbmpnnent ot environmental contamination. -

2.3 OBJECTIVES

” fhe‘nbjectives of this research were to: 1) determine if
_the.nctanalfwater partition coefficient is useful in
-predictiﬁg'the.bioaccumulatimn'uf trace organic contaminants
_in marine organisms exposed to wastewater disﬁhargés, 2) to
measure the uptake and 1055 rates of trace organic
contaminants with high partitianrcue+¥iciehts by caging
nrggnigms neér the ocutfall discharge, and 3) to measure the
concentration and cellular distribution of qufmetabulites.iﬁ

marine organisms containing low verses high concentrations of

trace organic contaminants.



SECTION 3

METHODS



- S.1 SAMPLE COLLECTION

From November 1986 to August 1981, quarterly, one week

composites of final effluent from the Los Angeles County

Wastewater Treatment Plant (JWPCP} were collected for

' analysis of extractable organics and two grab samples were

cﬁllected for analysis of volatile organics. Corresponding

'sediment samples were alse collected from station PV3-1
{Figure 1) using a modified Van-Veen grab device. Seven

_.spéties of animals were collected uging a standard otter -

trawl from stétinn PV3—1 during June 1981. At the same
station, a imn metal het ot a sled was used to collect

samples of small invertebrates from just above the bottom.

'rThis-sample contained 74% (by weight) mysids and 23% decapod

shrimp.
For the caged fish experiment, scorpionfish (Scorpaena

Quttata) were collected from station PV7-3 and Dana Pt.

(Figure 1)} by standard otter trawl. Five cages made of 2.54

square cm galvonized wire mesh that were 1.2 m square and 0.4

m high were placed at each station. The cages were weighted

with cement blocks, attached to buoys at the surface and

‘baited to attract food for the fish.

- All samples collected were dissected under clean

conditions (when appropriate) immediately after collection,

‘frdzen at -20 C for chemical analysis or frozen at ~BO C for

enzyme activities and cytosolic separations.

3.2 SAMFLE EXTRACTION

Extraction of the wastewater was performed according to

EPR Priority Follutant Protocol (US Environmental Protection



‘ Agency, 1977). Extraction of the sediment and animals for

volatile organics was similar to the wastewater protocol for

volatile organics, except that the samples were placed in a

closed container, diluted 3:1 with water and homogenized.

Internal standards were added and the vial was swirled again

- and allowed to equilibrate. The screw cap and septum wers

removed and a stainless steel cap with an inlet tube and exit
port was attached to the sample vial. The vial was immersed

in an 80 C water bath then purgad with nitrogen gas onto a

~carbon trap for 12 min. The trap was then heated to 200 C for

3 min and backflushed onto the BC/MS column. For the base-

neutral and acid extractable compounds, sediments and animals

‘were sohxlet extracted for 18 hours using pesticide quality.

hexane/acetone. Then extracted for the base-neutral compounds
followed by extraction for the acid campounds. For
determination of the DDTs and'PCBs, the tiésues were

homogenized using a high speed blender with pesticiderquality

'acetnnitrile, then extracted into hexane.

Samples analyzed for oxygenated metabmlités were
extracted by:homngenizatinn with 2% sodium hydroxide then
extracted three times with pesticide quality hexana!acetone
{1:1). The top (hexane) layers were combined and analyzed for
the base-neutral parent compounds. The bottom (aguecus) layer
was heated to QO_C for 30 min, then adjusted to a pH of <2
and_extract&d.thfae timés with pesticide quality methylene
chloride. The extracts were combined then dried aver sodiwm
sulfate, roto-evaporated dry and 5 ml of methylating agent (5

mg 3-methyl-1l-p-talyltriazene/i ml diethyl ether) were added.
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"The sample was then diluted teo 50 ml with 3J30% ether in
Vhéxane for analysis for the oxy—metabolites.

Tiﬁsues were separated into cytosolic pools by diluting
them in 0.1 M TRIS-HC1 (pH=7.4) buffér (3 parts buffer to 1
 part tissue) then homogenized at high speed. The homogenate
was then Cehtrifuged dt 100,000 X G and the bottom (pellet)
- and top (liﬁid)_layers were collected and ﬁeighed. Saven ml
”Df the remaining soluble fraction (cytosol) were separated
‘a;cording ta.mﬂlecuiar weight on a Pﬁarmacia.lbf?o column
‘packed with Sephadex G-75 gel, and collected as 3 ml |
‘fracticns. The fractions were then cambined_és the high
:mulecular weight (> 20,000 daltﬁns) enzyme—containing (ENZ)
.puol, the'middle molecular weight (3,000 teo 20,000 daltons)
metallothionein~containing (MT) pool and the lnwrmolecular
weight (< 3,000 daltons) glutathimne“coﬁtaining (GSH) pool.
The identification of these pools was based on the analysié
of the individual pools for zinc, which was used to identify

the MT pool.

3.3 SAMPLE ANALYSIS

.Qhalysis of the wastewater for volatile organics was
,ﬁerfurmed Qsing a Finnigan higﬁ resnlutiun gas
chrumatngraphfmass spectrometer (GLC/MS) equipped with an
Incos data system and a 40 m SE-54 fuéed silica capillary
culumn'{ur the base—neutral and acid extractable cﬁmpounds or
a 0.2% Carbowax packed-calumn for the volatile compounds.
Analysiﬁ of tissues and sediments for the base—neutral and
acid Extréctable compounds wWas perfufmed on a Varitan 6C

eQuippad with a 30 m SE-54 fused silica capillary column and



either an electron capture detector (ECD) or a flame
‘iuﬁizatiun detector (FID). DDTs and PCBs were determined.nn a
‘Tracor GC/ECD equippéd with a column packed:with 1.9% DV~17‘ 
. and 1.95%4 QF~1 held at 200 C. Analysis for naphthalene and
rélated compounds was by €-18 reverse phase high pressure
.liquid chromatography fHPLC) using UV detection at.254 nm;
GC/MS quantification of EPA Priarity Puilutants was
' aécamplished by ébmparisnn with individual standards. Ali
. ather GC/MS qﬁantificatinns were based on ion intensity
' relativa'tn an internal standard and are accurate to withiﬁ a
.féctur of ten. Results obtained by GC/ECD, GC/FID and HPLC
were based on individual standards. DDT results were
corrected +for PEB interferences using previous reported
methods (Liu-HU et al., 1980). Procedural blanks and
standards were analyzed with every set of sample extractinhs
and results were corrected for blanks and extraction
efficiencies. |
?_ﬁnalysis for the oxy—-metabolites was\per{ormed using a
.1.52 OV—-17 plus 1.93% GF~1 packed column on a Tracﬂr'BC/ECD
and using a 30m SE-S54 fused silica capillary column on a
Varian GC/ECD. The oxy-metabolites were also confirmed‘by a
ﬁﬁpﬂnt G /MG eqqippad with an identical 1.5% OV-17/1.95%4 QF-1
packed column using selected ion monitoring and a Finnigén |
high resolution BE/HS aquipped with a SE-30 fused silica

Ceapillary column using the total ion chromatogram.



SECTION 4

RESULTS



4.1 PREDICTING BIOACCUMULATION

rﬂpprmximately 101 compounds were identified in effluent
from the Los Angeles County Wastewater Treatment Plant |
fJNFCF)'and are presented in Table 1. The concentrations of
identified ccmpo@nds ranged from 0.003 wug/l for 2,4°-DDT to
2500 ug/1 for hexadecanoic acid. Eleven of the compounds were
present at concentrations greater than 100 wg/l, while 65_
were 10 ug/l or greater. Of the 101 compounds identified, 46
were base—neutral extractable, 37 were acid extractable and
15 wWe volati;e n%ganics. Thirty-six of the 101 compounds
- were on the EFG’'s Priority Pollutant list {US Environmental
'lPrntectian Agency, 1977). Twenty—three were base-neutral
lextractables, 3 were acid Exfrattables and 10 weré volatile
organics. Only 11 of the 36 Priority Follutants were above
the guantification limits set by the Ebn;'

The 10! compounds were ranked by a factor divised by us
called the toxic bioaccumulation factor (TBAF) which is
calculated by multiplying the effluent concentration by the
partition coefficient (FC) and dividing by the rat LD30
ANIOSH, 1978). Tﬁig factor ranks the compoundé Ey their

potential to bipaccumulate and cause toxicity. From the list

- of 101 compounds, 27 were selected for subseguent analysis in

sediments and in eight species of marine benthic animals
collected from the discharge zone at station PV3-1 (Figure
1). Ten of these compounds were base—neutral extractable,.a
were acid extractable and 13 were volatile organics. These
covered a range of partition coefficients from 1.48 to 6.19

(on a log basis) and effluent concentrations from 0.013 to



980 ug/ll(Table 2).
Results from the analysis of sediment and animals.¥nr
the 27 selected compounds are pfeéented in Table 2. DDE (2,4°'-
DDE + 4,4 '-DDE) was present at the highest concentration in
sediments and animal tissues. FPacific sanddab liver contained
the highest_cnncentration of DDE at 122 mg/wet kg. With the
exception ﬁf phenal in tissues, all the base—newtral and acid
e extractable compounds were detectable while only & of the 13
‘vnlatile_urganics were detectable at low cuncentratiﬂns in
énima} tissues and none were dectectabls in sediments.
..ﬁesulta of Spearman’s (nonparametric) rank correlation
- test (Zar, 1%74) indicated: 1)'that sediment and tissue
concentrations of the 27 selected compounds were positively
correlated with their partition coefficients (Log Kow), 2)
"that sediment and tissue concentrations of these compounds
wersa negativaly‘cnrrelated with their effluent
concentrations, and 3) that tissue cbncentratians wara

positively correlated with sediment concentrations (Table 3.



£

4.2 CABED FIQH EXFOSURE RESULTS
California spotted scorpionfish (Scerpaena guttata) were

chosen for exposure tD-contaminated and clean conditions to

determine the uptake aﬁd loss rates of trace organic

contaminants with high partition coefficients. Scorpionfish

were chosen because they occur at both clean and contaminated

areas, have large livers and provide ngficient sample for

analysis and accumulate trace organic compounds to
significant concentrations (Table Z). Also, they do not have

swim bladders and can withstand the changes in pressure

"during handling and are benthic and can survive being caged

on the bottom by feeding on the natural fauna..
Scorpionfish were caught from several areas to determine

the total DDT (ortho and para isomers of DDE, DDD and DDT)

and total FCB {(Aroclor 1247 and Aroclor 1234) concentrations

and their coefficient of variation. Recults of these analyses

_indicated that the natural variation in fish with elevated

‘ concéntraticns is very high (Tables 4 and 35). In liver tissue
of scorpionfish taken from the Channel Islands (Catalina and
.Qnacapa), the mean concentration (+ 18D) of total DDT was 1.6

+ 0.4 mg/wet kg and total FPCB was 0.30 + O0.21 mg/wet kg. I+

these fish were saparated by island, the variation in FCB

concentrations would compare to that for DDTs. This would

indicate that these fish were exposed to the same
ﬁoncentratinﬁ of DDTs but not PCBs. In fish caught at Dana
Ft. (Figuré 1) in March, the mean concentration for total DDT
was &.1 + 6.6 mg/wet kg and for fish caught in October the

mean total DDT wasté.7 + 3.3 mg/wet kg. Total PCB in the
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March fish was 0.39 + 0..28 mg/wet kg and in the October fish,
total FPCB was 1.2 + 0.4 mg/wet kg. Fish &aught near the
-outfall discharge at Falos Verdes (PV7-3; Figure 1) in March
had a mean tﬁtal DOT concentration of 33 + 21 mg/wet kg and
for total PCB, the mean was 2.1 + 1.3 mg!wef kg. Several
.gcorpiunfish caught at FV7-3 were placed in cages at PV7-3
for 72 days to determine if the coefficient of variation
could be lowered by insuring that the fish had resided in thé
area for a sighificant period of time. This resulted in a
zlight increase in the concentration of total DDT from 35
F+ 21 mg/wet kg to 37 + 25 mg/wet kg. The total FCB also
increased from 2.1 + 1.3 mg/wet kg to 2.2 + 1.5 mg/wet kqg.
Néxt, scorpionfish were reciprocally transplanted
betwegn EV7~3, a highly contaminated zone, and Dana Ft., a
relatively uncontaminated zone (See Se:ﬁian 3 for Methods).
Five cages with 20 fish in each cage were placed at both
sites. Four of the cage; contained +ish frmm the opposite
colleﬁticn site while the'*ifth cage contained fish from the
original collection area, which were used as asxperimental
controls. ﬁppréximately 10 fish from the tranéplanfed cagés
~and 3 fish from the control cage were sampled on a periodic
basis and analyzed for total parent compounds {(total DDT plus
total FCB). Unfortunately, the surviwval rate of the caged
fish was lower than we expected. All of the fish caged at
Dana FPt. were missing at the first sample period at four
weeks, This was probably due to small isopods that stormed
the cages and ate the fish within hours after placement

(Stepien, 1983). Since these isopods are absent at



cuntaminated station PV/-3 (qud, 1977}, we were able tn.
obtain samples from these cages for up to 43 days and used .
“these fish to determine the uptake rate of the total parent
compounds. | |

The results of the analyses for total DDT and total PCB
are presented in Tables 4 and 5. The scorpionfish livers
ranged in mean (+ lsD)rtDtal parent compound concentrations
from 1.9 + 0.5 mg/wet kg in the Channel Island fish to 39 +
26 mg/wet kg in the PVY7-3 fish caged at PV7-3 for 72 days.
Ahalysis of variance (ANOVA) techniques revealed a
- significant difference in liver concentrations of total

_parent.compﬂunds_(Fz B.??, p<.001). Scheffa's‘multiple_

-comparison test indicated that the data could be divided into
two gruups_that.were significantly different. One group
contained the PVY7-3 hon—treated fish and the FV7-3 fish caged
at PV/-3 far 72 days. The.other group contained the Channel
fsland fish, the Dana FPt. non-treated fish and the Déna Pt.
tish caged at PV7-3 for 12 and 45 days. The PVY7-3 figh
depurated in the lab for 28, 54 and 126 days and the Dana Pt.
fish ;aged at PV/-3 for 27 days were not signiticantly
differsent from eifher group. |

When cumpared on a mass bésis, the mean (1.1SD)'mass.Qf
total parent compounds iﬁ the livers of the Channel Island
~+tish was 0.027 * 0.0135 mg. The mean mass of total parent
compounds in the Dana Ft. non-treated scorpitonfish livers was
0.16 + 0.19 mg in the fish Cﬁllected in March and 0.072 +
0.0483 mg in fish collected in October. The Dana Pt. fish

caged at PV7-3 contained 0.10 + 0.08 mg total parent



compounds in the 12 day sample, 0.12 + 0.15 mg in the 27 day

samples and 0.057 + ¢.074 mg in the 43 day saﬁples; The PVY7-3

non—treated fish contained 0.22 + 0.13 mg total parent

compounds and the PVY7-3 fish caged at FV7-3 tor 72 days

contained 0.55 + 0.25 mg. The PV7-3 fish depurated ih the lab

resulted in 0.23 + 0.15 mg for the 28 day samples, 0.28 #

0.14 mg from the S& day samples and 0.19 + 0.10 mg from the

12& day samples. ANODVA indicated a significant difference in

”'the mean mass of total parent compounds (F= 9.08, p<.001),

but_Schef¥e*s multiple comparisons test indicated that only
fhe .55 + 0.25 mg measured in the PV7;3 +ish caqed at PV7-3
for 72 days was significantly different from the other group.
The PV7-3 fish depurated in the lab for 2B and 54 days were
rnot different from either the FPVY7-3 ftish caged at PV7-3 for
72_days or the other group containing the-remaining éaméles.
The whole body weight (WBW) of a normal fish is related
to its total lehgth (TL}. To determine if fish used in the
different treatments suffered a weight loss due to lack of
fpod in the cages or lab aquaria, the log of the whole body
weight waé regressed against the log of the total length (Log

WBW= Log a + b Log TL). The slopes (b} of the regression

lines ware then tested for a significant difference, which

would indicate a change in body weight. The results of this
test indicated that there was no significant difference in
the data (F=.172, p>.2). Therefore, the fish suffered no

changé in body weight due to the treatments.



4.3 METABOLISM AND EFFECTS 0OF TRACE ORGANIC COMPOUNDS
The resilt of the metabolism of trace contaminanté

within an nrganism'is that the aoxy—-metabolites are
_cmnjugated, which excludes them from a normal scan for
envirenmental contaminants. This is because the conjugated
metabolites are water soluble and would bé difficult to
extract with an qrganic solvent even at a low pH. Even i+
they were extracted, they would not Chrométngraph at the same
position as the other environmental ﬁontaminants. Theréfmre,
—Qe'adapted an extraction procedure from mammalian literature
(Gold et al., 1980) which would allow us to énalyze_far the
oxy-metabolites in tissues of mariné organisms and sediments.

There were wa méjor changes added to our extraction
.techniqﬁe which were used in the mammalian technigue for the
analysis of cellular compounds. First, we used centrifugation
instegd of filtration to separate the urganic solvent from
the remaining part of the sample, which included watet and
the components of the tissue wﬁi;h'were not soluble in the
aorganic solvent at a base—-neutral pH.éThis change made it
possible to carry the entire remainingrsample on to the acid
extraction instead of fiitaring the sqlid'part of the sample
cout. Second, we added a heat~cata1yzé&_baseeh?dral§515 step
bgtwaen the base-—neutral Extractiqn:and the acid extractiaon.
This step deconjugated the oxy-metabolites from tﬁeir
cellular cofactors and made the ny—métabmlites a;ailable far
extraction and analysis by conventianéi techniqués.

Samples_uf sgdiments, shrimp (Sicvonfa Ingentsis) and

scorpionfish (Scoerpaena guttata) were collected from two



stations:uff southern Caiifornia (8MB2-3 énd FV7—-3; Figure
-1}. The results comparing these samples extracted with and
‘without the heat-catalyrzed base-hydrolysis step are presented
.in Tables & and 7. The oxy—metabolites o% butﬁ total DDT and
PCB.wére not detectable without tHe heat—-catalyzed base—
hydrolysis step included in the technigque. When this step was
included in the extraction, resulté indicated thaf the
concentration of the oxy—metabolites of DDT (DDTQIS)‘and FCB
(FCEBols) :umprisad letD 99%Z of the total contaminants
fparant cnmpmunds + oxy-metabolites) in shrimb,_Sb to 90Z‘in
scorpionfish and 80 to 99% in sediments. Therefnre,lwithnut
the analyéig of environmental samples for axy—metabolites,
aﬁpraximately only 104 of the total cuntaminants present are
meaéured.

. Results from analyzing the cytosolic pools (See Section
4 for Methods) in nussels (Mytilus californianus) from 3
sites along the southern California coast collected at 2
different time periods are presented in Figure 2. The
majority of oxy-metabolites in the cytosol of mussel saft
_pérts were present in the GSH pnul;'HDwever,-there,weré trace
amounts of oxy-metabolites present in both the MT and ENZ
pools. There were higher cdnceﬁtratinng of oxy—metabolites
present in the December samples compared to those collected
in September (Table 8). The ratio of oxy-metabolites to
‘parent compounds was similar tu_that in the sediment, shrimp
and scorpionfish livers presented earlier. This ratio (Table
8) indicated that the oxy-metabolites of both total DDT and

total FCB were thé majority of contamination present (greater



than 94%). Histopathological examination reéultéd in no
discernaﬁle pathological condition related to contamination
(Bfown et al., 198Za).

:Analygis-of the cytosolic pools of white croaker
{Genyonemnus JineatUS)‘livers from Dana Pt. also indicated
_.that the main pnrfion of oxy-metabolites present were
sequestered in the GSH pmdl and ware 95% of the tbtal
contaminants present (Table %, Figure 3). White éraaker
livers from Palos Verdes resulted in the majority of oxy-—
-meﬁabluites being defected in the MT pool and they were aléo-
-detectable in the ENZ pool. In these fish, axy-metaholites
were only 41 % of the total cytosolic cdntaminants. Along
with the higher cuncéntratinn of contaminants in fhe FV fish,
rthere was a decrease in egnzyme activity as well as detectable
liver pathalogy (Perkins et al., 1982).

The scorpionfish used for determination of uptake and
loss rates of DDTé-and FCBs (Section 4.2 of this repnrt) were
also examined for cytosolic cuntaminants, enzymes and
histopéthology. Results from the analysis for the oxy-
metabolites of DDT in ﬂytpau}ic poals (Figure 4} indicafed no
difference in the concentrations mf bxy-metabolites in the
GEH pools. during the exposure period. There were low
concantratibns af oxy-metabelites in the MT puuls_and ne
detectaple oxy—metabolites in the ENZ pools.

Analysis for the activity of the énzyme éytuchrume -
450, which is the enzyme associated with the metabolism of
organic contamiﬁants, in scorpionfish liver tissues showed

increased F-450 activity in the Dana Pt. fish caged at PV7-3

27



tor 45 days (Figﬁre 2). This activity was higher than the non-
treated +1sh taken from the contaminated PVY7-3 statign. Free
glutathlmne, which is responsible for binding with the

épuxide intermédiates to detukify them (Jerina and Daley,
1974), also increased in the Dana Ft. fish caged at PV7-3 for
45 days over the Dan§ Pt. non—treated fish {(Figure 4). The
attivity of the enzymé catalase, which catalyzes the

reduction of hydrogen peroxide aﬁd conjugation ot the epaxide

intermediates onto glutathione (Lehninger' 1982), was alsao

caged fish. Hnwever, the results for cytochrome F-450, oxy-
metabolites in Cytosolic pools, glhtathiune and catalase wers
nn‘single analyses Qf-kompnsites of 10 individuals and could
not be analyzéd statistically. These results were only.
prel1m1nary and shuuld only be used to suggest possible
trends and recommendationa for further research.

Seventeen h1stmpathmlug1cal conditions were rated in the
scarpionfish livers frum the PV7-3 fish, the Dana Ft, non-
“treated fish and the Dana Pt. fish caged at FV7-3 for iz, 27
and 45 days. Each flsh Was glvan a rating of 0,1,2 or 3 (0
being best) for each of the 17 condltiuns without knowledge
of the origin of the sample. Then each condition faﬁtur was
tatalled for the fish from each treatment (n=10). These
results are presented in Table 10 along with results of the
statistical analyses. ANOVA results indicated significant
differenceg in hepatic sclerotic foci (HEF) and cytoplasmic
inclusions (CI) between Iivefs of the different treatments.

No significant differences for the other hiatopathclugical

)
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conditions were detected. Student—Neuman—Keﬁls (5NK) tests of
the HSF results indicated that: 1) the Dana Pt. non—treated
fish, the Dana Pt. fish caged at PV7-3 for 12 days and the
EV7-3 non—treated fish were not significantly different from
each other, 2} the Dana pt. fish caged at PV7-3 for 27 days
grouped by itself, and 3) the Dana Pt. fish caged at FPV7-3
~Ffor 45 days were not 5igni+icantly different from either
gruuﬁ. For the CI condition, the Dana Ft. nnnwtréated fish
formed one grnup'aﬁd the Dana Ft. fish caged at PV7-3 tar 27.
.days formad the other group. The Dana FPt. fish caged at FPV7-3
fdr 12 and 45 days and the FV7-3 non—treated fish were not

significantly different from either_grﬂup.'
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Results of this study indicate that the concentrations of

organic compounds in organisms from the open coastal ocean
are inversely correlated to their efflusnt concentrations.

"Also, there was a high positive correlation between the FCs,

the sediment concentrations and the cancentratiﬁns aof the
target compounds in the organisms (Table 3). This:

biaaccumulatiun is directly related to the potential of the.

compound to accumulate in sediments, and this potential can

be predicted by the octanol/water partition coefficient. For

- example, Aroclor 1254, which has a low effluent concentration

(0.052 ug/1) and a high PC (log Kow=6.11) was present in fish

Yiver at high concentrations (615-4920 ug/wet kg), whilé

benzene, which has a relatively high effluent concentration

{220 wug/1) but low FEC (2.15), was present in fish liver at

"low . concentrations (1-32 ug/wet kg). These data indicate that

the EPA priority pollutant criteria would have eliminated

from consideration those suhstances which are accumnlated tao

the highest cancentrations in organisms and which are the

- most toxic.

The PC may give a good indiecation of an organism’s
ability to bipaccumulate organic contaminants because octanol

has the same hydrophobic properties as lipids in rells upon

which dermal absorption is dependent (Freed and Chiou, 1981),

However , absorption from the gastrointestinal tract is
probably independént of the PC since organisms are designed
to absorb both lipophilic and hydrophilic substances
(Harshall-and Hughes, 12&7). Gince the haim raoute of Drganic

contaminants in marine grganisms appears to be via their food
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suppiy (Young et al., 1980; Schafer et al., 1982, thake may
depeﬁd largely upon availability mf‘cmnﬁaminants to the base
of the food web. The béae of marine food wébs Enngisfs
iargely of particulates in both the pelagic and benthic
cenvironments. A large pertion of fhose organic compounds with
high partitimn cmef?icientg, which are present.iﬁ ef%luent,
‘wéuld mﬁgt likely be attached onto paticulatgs in the

: g%fluent since these compounds wuuld.he.highly insn]ublé in
@éter (Karickhotf et al., 1279). A large portion pf these

- ﬁarticulatés are known to settle in the region of the
outfalls kHEndricks,-1977) and therefore could provide a
Eogrce'o{ organic cnntaminants_with high FUs to faoodwebs in
these areas. Contaminants with low FCs Hmuldrbe less likely
to attach to particulates, would dilute Dﬁt in the ocean as

| thay are discharged and there%ake would be less available to
'fDDanbs. It is cqncluded that partition ccefficients.in
édditiun-tn wastewater concentrations of contaminants, are
i@pmrtant tools for making management decisions cuncerniﬁg
 53¥9 or allowable jnputs to the environment.

Following the determination of the predictive.
“ﬁapabilities of the octanol/water partition coefficient, we
proposed exposing caged mussels tD.thE sediments near the
outfall zone to determine rates of upta%e as well as
depuration far several of the target compaunds. However ,
since mussels undergo severe physiological changeé during
their reproductive cycle caqsing up to a 304 variation in
contaminant levels (Farringtun et al., 1983; EBrown et al.,

1982a), we decided to choose another organism that is

z2



resident in the Duffall zone. Ealifornia acmrpinnfiéh were
chosen for determiﬁing bioaccumulation and depuration rates
‘by'caging near the outfall zone Eecause of their largs
livers, latk of é swim bladder and overall hardiness to
capture‘and handling. a |

It appeared that the scorpionfish %rmm fhe Cantaminéted
Kétatimn at FV7-3 (Figure 1) depurated in the lab for 124 days
de;reaséd in mean liver cuntantratiqns of parent cpmpdunds
(DDTS + PCBS) from 37 mg/wet Eg to 13 mg/wet kg. Hmwever,
when the mass of parent compéaunds in the livér was compared,
no 5ignificant chaﬁge was detected (0.22 mg parent compounds
in the PVY7-3 non-treated fish and 0.19 mg in the fish
depurated.fur 1246 days). Actually, the concentration chénged
because the weight of the liver changed due to an increase in
lipid content, not because of a 1655 in contaminants. The
T omean liQEF weight of the PV7-3 ﬁmn“treated fish was 7.3 g and
the mean Iiver.weigﬁt of the 124 day depuratd fish was 15 g,
while there was no significant difference in whole body
' weight.
| -Bince changes in the lipid content of Bfganisﬁs wi;i
also'affect'the.cantaminant concentration, factors
cmntrailing lipid content should alsa be considered with
ﬁmntaminant concentrations. These results indicate that there
afe two processes controlling the lipidfcnﬁtaminaht tycle.
First, you héve the uptake of contaminants causing the 1iver
to increase its lipid production {ﬁllér et at., 1974, 1975).
Thisg ultimataly FEEQIts in pathological changes caused by

increased vacuolation of the liver tissue. Zeh (1982)
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 rEpDrted a Eignificaﬁtly higher frequency of idiopathic
specifié& degeneratiun!netrnsia, neoplasia, prénedplasia or
étnrage_dismréers among English sole with tctﬁl chlcrinafed
‘hydrocarbons in liver tissue exceeding 0.2 mg/wet kg. Also,
" Sherwood (1978) réported an increase in lipid content of
‘Dmyer sole livers collected from FPalos Vardes over thasé
'ccllected from Dana Pt., along with ar intrease in liver
. pathology. These results were also seen by us. The livers of
:ﬁhite crbaker_from Palos Verdes had signifticant 1liver
:péthﬂlmg% {(Ferkins et al., 1982) and were 1.5 times largér‘
-than white croaker liveré from Dana Ft. Thié size increase
_Qas due to an incteaae af lipid content from 6.0% to 151,
respectivély; QISD; dﬁr results ¥rém scnrpiunfieh livers. .
. showed no change in pathology related to chgnges in
contaminant concentrations, but all the scorpionfish used
contained more than 1 mg/wet kg chlorinated hydrocarbons. It
is possible that pathological changes had already occurred.
However, we have been unable to cbtain adeqqate control +ish
to subgfantiate this.

Second, the lipid content of an organism is also
cantrolled hy its metabolism. During.reprmﬁuttian or periods
of starvation, lipids are mobilized from the liver and
.adipuse tissue for use by the organism as an energy sDurce. .
The lipophilic contaminants will élsm be associated with this
process and therefore their concentration will also be
affected. For example, the reproductive cycle has a
significant effect on lipid content in the liver. The mean.

concentration of total parent compounds in the liver bf



-scorpionfish cagght at Dana Pt. was 6.5 mg/wet kg for +ish
caught in March and 7.9 mg/wet kg for fish caught in October. -
The liver we1ght of thg Marech fish was 23 g and the liver -
weight of the Cctober fizsh was 8.2 g, while the whole body
weight was nét different. Even though the concéntration was
mimilar, the actuél-mass of parent compounds in the livers -
wasrdifferent (0.146 mg for March and 0.072 mg for October).
The affect caused by seasonality in the reproduﬁti?e cycle
was also seen in the histology of mussels collected fram‘S
éiteg in southern California (Brown et al., 1982a). The
‘changes in histology caused by Eeasnnality.wefg s0 great that
:nu carrelatiﬁn withrcontaminant tuﬁcentratimns could he
detected, even though the concentrations were elevated in ths
mussels from White Point (Palos Verdes)..

.ﬁnnther conclusion that can be drawn'fémm our data ié
that fish from a zone thought to be relatively clean based on
dlstance frcm the discharge zone and the structure Df the.
rinyertebrate infauna, had quite high contaminant
cuncentrafionﬁ. Scorpiun?isﬁ,takeh from as fér away.as.the
Channel Island% still contained more than 1 mg/wet kg parent
conpounds in their livers. This evidence indicates that as
Cdntaminantlcnncehtratimng.are deﬁreasing near the outfall
zone, the area affected by thié ;mntaminatian 1s growing
_larger.

Finally, there is a significant fraction of pdlar
uxygenétéd metabolites present at concentratimns up to ten
times higher than their non—-polar parent compounds. These

results also indicated that the oxy-metabolites of DDTs and



FCBs represent from 35 to 99% of ﬁhe total cbntaminants
_Iwithin,the sediment, shrimp and %cmrninnfish, which agress
. with results répmrted by Varanasi {(197%) on Engiish
éole;These oxygenated metabolites can not be detected in any
'5amp1es withuut.inclusicn of the heat—catalyzed base- -
hydrolysis step (Tgbles 6 and 7). This suggests that the oxy-
@étabu}ites_present were conjugated onto cellular molecules,
possibly includinérimportant molecules iike DNA or RNA with
.'-resultant chronic ettects. Mési of these cﬁmpounds areias of
yet pat répbrted-tm any extent in literature and could
possibly causs as auch envifunmeﬁtal_damage as their
- precursore. Jince these axy—metabmlites.are.nﬂt integrated'
into the regulations governing the discharge of contaminants_f;
into the marihe environment, a major cnﬁpmhent of
cbntaminatian is not being regulated.

The snurcé of these oxy-metabolites in animal tissues is
uncertain. The mixed—function oxidase (MFD) system is known
to be inducible in marine fish in response to exposure to
Fibs, but not DDTs (Franklin et al., 1980).'Hmwever, it is
possible ﬁhat once induced, the MFO system can metabolire the
DDT5 as well. A cnmpariéﬂn of DDTols verses PCBDIs.in
 5cﬂrpia%fi§h livers shows that tﬁeir concentrations are
similar even though the parent Cﬁmpmund concentrations are
quite different (Tables & and 7). This was not true fﬁr the
shrimp muscle or the Sédiments. Also, DDE, the main form of
total DDT in southern California coastal waters, can bé
metabmlized by micrmmrganiﬁmé in marine sediments (Lee and

Ryan, 1978). The oxy-metabolites of DDT have octanol /water



partition tqéfficients which suggest that these éuuld.be
. bipaccumulated from sediments. Although the concentrafians of
ﬁarent cmmpmunds and cxy~metaba1ites.were curreléted in
sediments (r= O;Bé, pt 0.1), they were nﬁt correlafad in
shrimp muscle (r= -.50, p>0.1) or scérpionf&sh liver (r=
- 0.17, p>0.25. S5ince the ratio of parent cumpqunds to
matabolites in tissues do not reflect those in sediments, it
is mer e likely that the animal eontrols their metabulite
._contentratimns mor e thén the conecentrations being_a
.Feflectiun of the sediments.

The energy cost to the organism to metabolize ﬁrganic
cantaminants_is ihsignificant cnmpareﬁ to all the other
. biolngical functions. Therefore, chronic effects caused by
this metabolism must be frém a source other than_the direct
depletion of energy reserves. The ny;metabmlites wetl g
'detectabie in cytoscolic pools otﬂar than the G5H pool where
_fhey are detoxified. This would suggest that an excess of the
'highly reactiQe enpoxlde iﬁtermediateg wefa being produced,
over and above the ability of the detoxifying mechanisms to
femove them. Once the capacity of the detoxification
~mechanism is overloaded, the reactive intermediates are
available to éttack impartant cellular molecules such as DNA,
‘RNA, enzymes and metallothionein. Brown et al. (1983)
reported that spillover of oxy—metabolites into the MT pool
could displace egssential trace metals causing their
depletion, explaining the apparent depressiﬂn of trace metal
concentrations in animals from Palos \Verdes where'thefe is an

excess of trace metals in the sediments. The presence of



- epoxide intermediates has also been assﬁciated with being tﬁe
"mechanism by which organic pollutants cause cancer ({Thakker
et al., 1979). From our résults, it ié entirely'pbﬁsible_that.
the ny;mefabmlftes defected in the MT and,ENZ pools may have
‘caused chronic effects. However , these effects wefa not
ﬁignificanﬁ enough to be_detected by hiﬁtnpathglmgical or

enzymatic examinations.
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_The n—octanol /fwater partition cae%ficieht caﬁ be used to
predict the bicaccumulation of trace Grganiﬁ compounds in
marine érganisms. This would make a very Qaeful toal for
regulating agencies when making decisions relating to the
discharge of chemicals into the sea. It is recommended thét
this index be used for this purpose, pnséibly by
.iHCﬁrpBrating.it into an index such-as the Toxic
Biuaccumulatian Factor used 5y us. This appruach_tuward the
regulatiuﬁ of the discharge of cnmpuunds into the environment
:is muﬁh more practi;al thén thé ekisting method based uﬁ
effluent concentration. For example, bagéd on effluent
;uncentratiun, pentachlorophehal would not surpaés any of the
e#isting éuidelines for discharge by the tréatment plant
researched by us. As a matter of fact, ifs not even required
,in_thélstata monitoring regulations. However, when the TBAF
was calculated, it resulted in the highest TBAF wvalue of all
thé-identified compounds, based on its effluent
cqncentratiun, octanol fwater partition coéfficient and itsg
acute toxicity.

| Clearly, from our Easults a major fraction nf

Eﬂ?irﬂnmental tontamination is not being regulated. The
ébiiity of Drganisms to metabolize organic compounds to
‘oxygenated metabmlifes may be_the most importaﬁf compaonent of
envirﬁnmental contamination in terms of toxic chemicals. This
metabolism may be the main éuurce of léng term chronic
effects that cause the community changes in the matine
ecosystem, whereas, the pafent compounds may only be 

respongible for acute problems. The research presented here
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indicates that_re$earch should be funded tu'det&rmiﬁe the
510Chemical-mechanism and its regulation for fhe metabolism
of organic cnmpnundé'by the mixed function oxidase system.
Also, the toxicity of the oxygenated metabolites énd their
availability to marine Drgénismg should be determined. It is
possible that once these compmunﬁs arezconjugated to
detoxifying agents within the organisms, theylnn lqnger_haﬁe :
& thehtial +nr.tmxicity. |

ﬁith a combination of the octanol/water partition
coefficient and the point at which trace Drgénic cmmpaunds_
.tan be detoxified by their metabolism and Faﬁjugatinn withdﬁt
‘harm to the organism, it may be possible to cnntrul_the rate
at thch contaminants can be discharged into the marine

“environment so that no adverse effect will be seen.
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APPENDIX A
TABLES AND FIGURES
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TABLE 1. Concentratiaons (ugs/1l) and n—octanol /water partition coefficients

{Log Kow) for compounds identified in Los Angeles County (JWPCP)
effluent collected quarterly from November 1980 untll nguat 1981,

BAGSE-— NEUTRAL EXTRACTABLES

trimethyl-I-cyclohexena—1- methanul
2-butoxy ethanol

1,2-dimethyl henzene
2,3~dimethy1 phenol

caftfeine

2—-methylpropyles propancic acid
1,4-dimethyl benzene
3y4-dimethyl phenol
4-hydroxy-4-methyl-2-pentanone
1,2,3-trimethyl benzene
naphthalenes

1,2,4~trimethyl benzene
l-ethyl-2Z-methyl benzene
Z2ya—dimethyl phenol

2-mathyl naphbthalene’

1-methyl naphthalene

methyl heptanaol
1-(Z2-ethoxypropox y)nvmprupanol
1-{Z2-butoxyethoxy) —ethanol
F-octadecancic acid
3-(1,1-dimethylethyl)-phenol
1- ethyenyl 1,Z-methyl benzene
1,2-dimethyl maphthalene
2,4-bis(1,1-dimethylethyl} phenol
tetramethyl hexane

trimethyl dodecatrien-1-ol
di-n—butyl! phthalate
bis(2-ethylhexyl) phthalate
l1,2-dichloro benzene

diethyl phthalate

1,4~dichloro benzene

Aroclor 1242

1,2,4-trichloro ben?ene

4.4 -DDD
Heptachlur
4,4 -DDE
2,4 ~DhD
4,4 -DDT

Heptachlmr Epoxide
Arocior 1254

Dieldrin
1,3,9~trichloro benzene
2,4 -DDE :
hexachloro benzene

Aldrin

2,4°'-DDT

E%fluent

Conc.
20

S0

40

40

40
=9
30
20
20
20
15
10
10
10

M

r3

~
~N e

R S N R LRI R R N

Q.60
G. 43
G.1é
.10
O, 0B4
a.071
0.0352
1,038
Q. 035
0.031
0.013
Q. 008
0003

Log
Kow
2.38
.83
2.77
2.33
0.01
*
3.15
2.23
0.29
3.42
3.45
3.42
*

233

3.86

3.87
*
*

-1.2&

5.36

2.88

S.62

.38
3.02

- -
e m ot

.98

4.08

S.469
3.05
S5.49
3.67

-1 A

2.65
&.11
2.40
4.08
S.469
418
3.01
&.19



Tabhle 1. {continued)}

ACID EXTRACTABLES

hexadecanoic acid
tetradecanoic acid
octadecanoic acid
dodecanoic

phenol '

benzene methanol
octanoic acid

benzoic acid :
pentadecanoic. acid
hexanoic acid

pentanoic acid

2-methyl phenol

3—methyl phenol
propanocic acid
1-methyl-4 (1-methyl) cyclohexane
3-ethyl phenol

2-propyl phenol

butyl cyclehexane
decahydro-2-methyl naphthalene
pentyl cyclohexane ‘
- tri~ethyl silane
undecane

J—methyl octane
4—fluorao biphenyl
trimethyl-1-hexene
tetramethyl pentane
o~decyl hydroxylamine
hexadecanes
hexatricocane
nonadecanal

 butyl octanol
trimethyl-1-nonene
(1-methyldecyl) benzene
{i-butvylheptyl¥ benzens
{(i-propylnonyl) benzense
2,4,6—trichloro phenol
pentachloro phenol
tetrachloro phenol
2,4,5-trichloro pheanocl
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‘Table 1. (continued)

VOLATILE ORGANICS

benzensa

toluene- :
dimethyl disulfide

" A4-methyl-2-pentanol
1,2-dichloro ethane
2,2'-axybis propane

1,1,1-trichloro sthane
tetrachloro ethylene

2-methyl—-1-pentene
methyl cyclohsxane
‘trichloroc ethylene
ethyl benzene
chleroform

vinyl chleoride
1,2~dichloro ethene
l,1~dichlaro ethane

S

[ | []

Lt o

L kRO

2.15
2.73
i.77
1.77

1.48

-49
2.60
.96
I.24
2.29
F.15
1.97

1.98
i.48 |
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Table 3. Results of Spearman =1 ranP carrelation test (ry ) indicating the
relationship between the n-octanol /water partition coefficient {Log Kow),
effluent concentration, sediment concentration and tissue

concentrations of the 27 selected compounds.

Log Kow Effluent Sediment

' Sediment R . 737 . —.553 .
Sanddab Liver . 754 ~. 691 - .839
Halibut Liver~ B .666 ~.565 | . .938
_5cnrp;aﬁ4ish Liver A . 654 ~. 520 . 826
Dover sole Liver - 687 —-53§ .. -.849
White croaker Liver 632 -. 403 | LT6b
Crab Digestive Gland”™ - S 7O3 : —. &00 | - 249
SBhrimp Muscle =957 —-. 502 _ . 892
Whole Inverts 467 : - 333 747

Ca)

Volatile Organics were not analyved in th1s sample, therefnre wa used the
average values for all the other species for the statlutlcal analycls.
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Table 4. Results of the analysis of scorpionfish from the Channel Islands
(Anacapa and Catalina) and Dana Ft. caged at Palos Verdes to determine
uptake rates of trace organic compounds. '

Station Whaole Total Liver Total Total Total
. ' Body L.ength Weight DpT FCE- = Parent
Weight . ‘mg/ mg/ Compounds
- gm min am .wet kg wet kg mg/wet kg
Channel Islands; Non—-Treated; Collected 11 Mar 83
mean 5S40 310 14 1.6 G.30 1.9
Liver +1iG5D 130 22 7 Q.4 0.2 0.3
n=5 FAMY 24 ' 7 49 25 71 28
‘" Dana Pt.3; Non-Treated; Collected 5 Mar 82
' ' , Mmean . 370 250 23 &1 0.32 b.5
Liver +15D 140 27 io b.6 C. 28 5.9
n=10 FANRY 37 11 46 110 74 110
Dana Pt.3; Non—Treated; Collected 20 Oct 82 _
mean 350 . 260 8.2 b.7 1.2 7.9
Liver +15D 130 24 3.8 3.3 G. 4 3.7
n=10  YCV Ca8 10 47 4q 35 464
mean * ‘ * * 0.078 0.011 Q.089
Muscle +15D * * V +#* 0. 038 0.006 0. 044
=10 “EY * * * 49 - 4% 4%
Dana Ft.; Caged at Palos Verdes for 12 days
mean 390 280 11 4.8 1.2 7.9
Liver +158D 79 19 4 : 3.3 0.4 3.8
n=10  XCVY 20 7 33 49 o3 SO
Dana Pt.; Caged at Palos Verdss for 27 days _
mean 40 270 10 11 2.2 13
Liver  +15D 150 348 & 3 2.5 15
n=% - ALV 43 - 14 &1 12 110 120
Dana Ft.; Caged at Falos Verdes for 45 days
mean 290 280 - 5.9 ‘ L. 0.97 7.9
Liwver +15D B7 24 3.7 4.2 - .58 4.7
n=9 yARY, CEO i0 &3 & &0 &0
Mean * * # 0.073 0.009 0. 082
Muscls +15D * * # 0, 038 0. 004 0.042
n=3 FAMY, * 3* * o2 40 C 40




Table 5. Results of the analysis of scorpionfish from Paldg Verdes (FV7-3)
non—treated and depurated in ciean conditions in the laboratory.

Station Whole Total Liwver. Tatal Total Total

Body - Length Weight DT PCH Parent

Weight . mg / mg/ Compountds

gm M =1 : wet kg wet kg mg/iwet kg
Falps Verdes; Non-Treated; Collected 29 Mar 82

_ mean 190 - 210 7.3 35 2.1 37

Liver +15D 59 20 5.2 21 - 1.3 22

n=10 . XCV 30 9 72 &0 a1 &0

mean #* * * 0.43  0.0Z1 0.47
Muscle +15D * * * 0,35 0.013 Q.36
n=10 LoV * _ * * 77 & 74
Palos Verdes; Non—Treated; Collected 22 Oct 82 _

o mean 280 230 7.9 0.31 0.024 0.34
Muscle +15D =1 16 2.9 .22 0.013 0.23
n=10 - PAMY 18 & B &9 532 &8

Palos Verdes:; Caged at Palos Verdes for 72 days
mean 330 260 18 =7 2.2 3
Liver +15D 4 7 b6 25 1.5 26
a=10 . ALY 10 3 36 &8 &8 48
mean * * * .30 G.030Q 0.33
Musecle +15D * * . * 0.27 0.043 0.29
=10 FARY; * L o* . % 87 140 BB
Palos Verdes; Depurated in the Lab for 28 days _
mean 180 220 7.8 26 i.8 28
Liver +15D 31 14 7.8 13 N 13
n=5 PAMY i8 & 79 49 50 49
: mean * # * 0.25 0.019 0.27
Muscle +15D # * * 0015 G.008 0.1&
n=9 eV * % : * 597 - 43 S
Palos Verdes; Depurated in the Lab for 56 days
mean 180 220 8.1 31 S.7 3q
Liwver +158D i1 = 3.1 10 Z. g
n="5 pARY & I I z9 32 110 25
mear * * * .54 0.056 Q.60
Muscle +18D = #* : * 0,65 S 0.05%7 0.71
n=5 pANRY, * * * ' 120G 110 126
Falos Verdes; Depurated in the Lab for 126 days
‘ mean 200 220 15 13 0.87 14
Liwver +15D 20 8 3z 7 0.31 7
n=3 AR 10 4 22 a2 T4 1)
mean * * % 0.21 0.0326 0.24
Muscle +15D . 3 x * 0.10 0,008 .11
n=gS p ALV N * * 48 z1 45




Table &. Mean (+ 15D) concentrations (mg/wet kgi of total DDT parent
compounds and their oxygenated metabolites comparing samples extracted with
and without hydrolysis (n=3).

Station Parent DDT Heat-Catalyzed
' Compounds™ Base-Hydrolysis

SHRIMP MUSCLE
@ .
SMB © 0.03140.014

PV ' 0.85 + 0.38

SCORFIONFISH LIVER

SMEB 14 + 11

PY 28 + 10

SEDIMENT

5MB 0.046874+0.011

PV 6.3 + 2.7

~"a,p’ + p.p’ —(DDT+DDD+DDE).

* p,p ~bDDA + p,p -DDOH.

& Santa Monica Bay station 2-3 (Figure
#

- Without

With
Without

With

Wi thout
With
withaut

With

Without

With

Without

Falos Verdes station 7-3 (Figure 1).

DhTols/Total
Contaminants X 1Q0

%
9%

%

88%
%

80O%




_(i.ISD) concentrations (mg/wet kg)

of Aroclor 1254 and its

oxygenated metabolites comparing samples extracted with and without

Table 7. Mean
hydrolysis (n=3).
Station

Campounds™

SHRIMFP MUSCLE
@
SMB 0.016+0.009

PV . 0.039+0.027

SCORFPIONFISH LIVER

SMB - 2.0 + 1.3
PV 1.9 + 0.5
SEDIMENT -

SMB 0.011ip.003
PV 0.22 + 0.09

Parent PCB  Heat-Catalyzed
Base-Hydrolysis

Without

With

Without

With

Without

CWith

Without

With

_Armclmr 1254,

PCBalé* -PEBDIEfTDtal
Cﬁntaminants X 100G
<0.1 0%
1.3 + 0.6 é9x
<0.1 iy
0.38+0. 86 91%
<0.1 OZ.
18 + 20 0%
{0.1 0%
16 + 10 89%
<0.1 0%
4.0+1.8 9L
0.1 o%
12 + 11 8%

* 2',3',4,5 —tetrachloro-3-biphenylol + 2',3',4',5‘—tetrachluro~4~

biphenylol + 3,3

paﬁtachlnra—z—biphenylal
@ Santa Monica Bay station Z-3
# Falos Verdes station 7-3

a1

s 4,4 —tetrachloro—4,4 —-biphenyldiol + 27,3

+ n',_,

W45 -

47,585,597 ﬂpentauhlor9“7~h1pheny1al.
(Flgure 1)
(Figure 1}.



Table 8. Concentrations (mg/wet kg) of total DDT and total FCB parent
compounds and their oxygenated metabolites in mussels (Mytilus californpianus)

soft parts collected from the coastal

December 1981 {(n=10).

Station Total Tissue
Farent Compounds
(BDT+DDE+DDD)

Point Dume 0.039

Redondo 0.11

Beach :

- Paloas Verdes 0.22

Station Total Tissue
Farent Compounds
(PCEB 12424+1254)
FPoint Dume- 0. 005
~ Redondo 0.057.
Beach

Falos Verdes ©0.028

Total Cytosolic
Oxy-Metabolites
{DDTols=DDA+DD0OH)

waters of southern California in

Oxy-Metabolites/
Total Contaminants
¥ "100‘

Total Cytosolic
Oxy-HMetabolites

{(PCBol

0.

i

1

=8 I

-0

)

a5

Oxy—Metabolites/
Total Contaminants
X 100

AT A

&%

8%

~ 3y 4 5 trlchlaru—a—blphenylnl + 27,337 ,47,5° upentachlnrm—f~b1pheny1a1 +
27 47 ,9,9 *pentachlmra—«—bzphenylul.



. Table 9. Concentrations (mg/wet kgl of total DDT and its oxygenatsd
metabolites in white croaker {(Geryonenus lineatus) from Dana Ft. and Falos
Verdes collected in_September 1781 (Composite of n=10).

Station Total Tissue Total Cytosolic DDTmls/Tntal
FParent Compounds Oxy-Metabolites Eontaminants
{DDT+DDE+DDD) {DDTols=DDA+DDOH) X 100

Dana Pt. 0.55 9.7 S

Palos Verdes 34 25 61%

&3



Table 10. Caged scorpionfish liver pathology ratings (n=10).

_ : @

_ Sample and Exposure FPeriogd Statistics
Condition Dana Pt. Dana FPt. Dana Ft. Dana Ft. PV7-3 F FPR>F
Rated™ _ O Days 12 Days 27 Days 45 Days © Days
Hepatic Cord ' 19 10 T3 T TT1e TR 2025 LoB
Structure ‘ ‘ : : ,
Degenerative Foci 0 2 8 8 2 2.58 .05
Focal Hypsrtrophy 10 10 15 3 -11 2.3%9 .06
Nuclear Plecmorphism O 0 1 0 0 x
Megalopcytes R Q0 1 a 0o * *
Adenomatus Foci 0 0 0 o 0 * *
Vacuolation : 146 15 17 12 20 2.06 .10
Mepatic Sclerotic 0 o 5 2 1. 3.87 .01
Foci :
Focal Hyperplasia 1 ‘ 5 3 & 2 2.17 .09
Hepatocellular = 1 1 5 3 1 1.08 .38
Necrosis '
Pycnotic : 1 _ 1 el G o * #*
Cytoplasmic Inclusions B! 4 & 0 4 4.81 .01
Sinusoidal Compression 17 16 s 10 16 1.10 .37
Sinusoidal Congestion 3 5 1 g & 1.53 .21
Melanin : 10 7 8 S 7 1.44 .24
Melanin Macrophage 8 5 9 7 a8 0.81 .52
Centers : :

3 3 2 o] .95 .BY

Cholangiole Fibrosis 4

-

~ Each flsh was blind rated 0,1,2 or 3 (O be1ng best) for each condition then
‘totalled for statistical analysx:.

* Mot fAnalyzed Statistically.

& ANDVA; FR>F = Probability of Rejection Greater Than F.
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| ‘ FIGURE 1
LOCATION OF SAMPLING STATIONS
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FIGURE 2 : \ .
CYTDSOLIC DISRTIBUTION OF OXYGENATED METABOLITES IN THE WHOLE SOFT PARTS OF

MUSSELS COLLECTED FROM THREE STATIONS DURING SEFTEMBER AND DECEMBER
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_ FIGURE 3 I :
CYTOSOLIC DISTRIBUTION OF THE OXYGENATED METABOLITES OF DDT IN LIVER TISSUE |
OF WHITE CKDAKER COLLECTED FROM DANA PT. AND PALOS VERDES
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FIGURE 4 :
CYTOSOLIC OXYGENATED DDT METABOLITES, GLUTATHIONE AND CATALASE IN LIVER
TISSUE OF SCORFIONFISH (COMFOSITE OF 10 FISH) COLLECTED FROM DANA FT. AND
CAGED AT FALDS VERDES
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'Cytosollc Oxygenated DDT Metabolltes, Glutathione, and

Catalase In Liver Tissue of Scorpion Fish (composit of 10)

| Captured at Dana Polnt and Caged at Palos Verdes (PV) for

mg/wet kg
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: : FIGURE 5 ‘
CONCENTRATION (nMOLE/mg FPROTEIN) OF CYTOCHROME F-450 IN LIVER TISSUE OF

SCORPIONFISGH COLLECTED FROM DANA FT. AND CAGED AT PALOS VERDES
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