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EXEClJTIVE SUMMARY 

Oll.ordane is a broad-spectn.nn organochlorine insecticide widely used in the 
United States fran the 1940s to the 1970s to control tenni.tes arrl 
agria.lltural, hare, arrl garden insect pests. In the early 1970s, evidence 
arose that chlordane affected oot only these targeted insect pests, but 
non-target organisrts as well. Oll.ordane was foorrl to be m:xierately toxic 
to manmals, slightly toxic to birds, arrl highly toxic to fishes, lower 
aquatic organisrts, arrl beneficial insects. In a<i:tition, chlordane terrls to 
bioacx:::unulate in the .t:xxiy fat, liver, arrl kidneys of organisms where it may 
be metabolized into nore toxic ~· 

In 1974 the U.S. Enviroranental Protection Aqercy (EPA) issued a notice to 
caocel certain registered uses of chlordane because of its suspected 
carcinogenicity arrl other enviroranental concerns. In 1975 the EPA 
susperrled these uses of chlordane after receivin;; further evidence of its 
carcinogenicity. On Qctd:)er 1, 1987, the State of Marylarrl restricted the 
sale of chlordane to certified pesticide applicators in an effort to avoid 
further dissemination of this already ubiquitous c:x::rrpourrl throughout the 
envi.roranent. 

Si.l're 1977, Marylarrl Depart:rne.nt of the Enviroranent (MDE) has been 
con::iuctin;; annual statewide fish tissue analyses for organic~' 
incl\.ldirg chlordane, as part of the federally-marxiated Basic Water 
Monitorirx;J Program. Results of these analyses have irdicated a teirporal 
variation pattern in chlordane levels in fish fran oon-tidal areas. Data 
fran the Patuxent River, which is included in MDE's surveys, have shown 
that chlordane levels in fish fran the non-tidal portion of the river terrl 
to have peaked in 1983-84. 

'Ihe oojectives of the current study were: 

(1) to determine chlordane levels in fish fourrl in the 
Patuxent River arrl canpare these with State data; arrl 

( 2) to determine the geographic distribution of chlordane 
present in fish from the coastal plain non-tidal 
portion of the Patuxent River . 

Results of this study showed that chlordane residue levels in fish were 
lower than those fOliD:i in similar areas of the Patuxent River in 1983-84. 
Decreasi.rg chlordane levels fran upstream to downstream areas was noted, 
rut the trerrl proved not to be significant. 

'Ihe data fran this stu::ly terrl to support MDE' s firrl.i.rqs that chlordane 
levels in the oon-tidal portion of the Patuxent River appear to have peaked 
in 1983-84. Ext.reire variability in the results in:iicated that the 
geograJiric distribution of chlordane levels did not represent a 
significantly linear relationship despite the noted decreasi.rg tren::l. 
'!hat this tren::l proved not to be significant may have been due to the small 
sanple size involved or the proximity of the sanple stations. larger 
sanple sizes arrl sanplirx;J stations farther apart would help define if a 
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Title: Chlordane residue concentrations arrl geogratillc distribution of 
chlordane in fish fran the ron-tidal portion of the Patuxent River. 

Abstract: As part of the federally-marrlated Easic Water Monitoring 
Program, Marylarrl D=partment of the Envirorment (MOE) has been comucting 
annual statewide fish tissue analyses for organic cx::atp::X.ll", inclucl.in;J 
chlordane. Results have sharm a tenporal variation pattern in chlordane 
residue levels in fish fran ron-tidal areas si.oce 1977. '!he Patuxent River 
is one the rivers included in this survey. '!he objectives of this study 
were: (1) to detennine chlordane levels in fish fourxi in the Patuxent 
River arrl ccttpare these with state data; arrl (2) detennine the geographic 
clistrirution of chlordane present in fish fran the ooastal plain oon-tidal 
portion of the Patuxent River. 

'lbree bl:"atm bullheads* arrl a sediment sanple were collected fran each of 
six locations on the Patuxent arrl Little Patuxent Rivers fran Laurel, 
Marylarrl to ravidsonville, Marylarrl. One of the fish specimens fran each 
site was separated into fillet arrl carcass portions for analysis in order 
to detenni.ne chlordane residue levels in edible portions. '!he rerraining 
two specimens urrlerwent whole b::xiy analysis. Sanples were subjected to an 
o~orine scan to detect chlordane residue levels. 

All but one of the fish specimens had detectable levels of chlordane, 
however these levels were lc:Mer than those fourrl by MDE in the same areas 
in 1983-84. None of the sediment sanples had detectable chlordane levels. 
A trend of decreasi.n:;J levels in fish was noted fran upstream to d<JINl'"IStream, 
but the difference was not significant. 

'!he lower chlordane levels in fish fourrl in this section of the Patuxent 
River in 1988 ten:l to support the tenporal variation pattern previously 
noted by MOE. Chlordane levels appear to have peaked in 1983-84. '!he fact 
that the noted decreasi.n:;J trerrl in chlordane levels fran upstream to 
d<JINl'"IStream stations was not significant nay have been due to small sarrple 
size or sanple site proximity. 'lbere does not appear to be a health risk 
associated with chlordane levels in fish in this section of the Patuxent 
River at the present tine. 

Key words: chlordane, Patuxent River, Little Patuxent River, MDE, non
tidal, bl:"atm bullhead 

* At one station only one bro;.m bullhead was caught. '!he rerraini.n:;J two 
specbrens fran this site were white catfish. 
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'!he st:u:iy design arrl field sample collection for this st:u:iy were corrlucted 
by U.S. Fish arrl Wildlife Service (FWS) contaminant biologist Daniel J. 
Audet, formerly with the Annapolis Field Office, 'f'I::M with the Olesapeake 
Bay Estuary Program*. 'Ihe statistical analyses were perfonre:i by ~:avid 
soott., formerly with the Olesa.peake Bay Estuazy Program, J'lCliW with the Ohio 
Division of Wildlife**. '!heir efforts are greatly awreciated. We would 
also like to thank ran Audet for his review arrl ed.iti.rq of this report. 

* Daniel J. Audet 
U.s. Fish arrl Wildlife Service 
Olesapeake Bay Estuary Program 
900 Bestgate Road, SUite 401 
Annapolis, Marylarrl 21401 

** ~:avid Scott 
Ohio Division of Wildlife 
Olentangy Wildlife Experiment Station 
Ashley, Ohio 43003 
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m:IroiXJCTION 

Si.rx:e 1977, the Marylan:i Clepa.rtmant of the Environment (MOE) (fornerly 
Marylan:i Office of Environmental P'J:a;JralnS) has been rorductirq a statewide 
fish tissue analysis for organic cx:rrpounis, i..rclu:ii.rq d"llordane, as part of 
a Federally mamated Basic Water 1-bni.torirq Program (~HiP). Chlordane is 
toxic to variCAJS organisms, especially aquatic organisms, and poses a 
potential human health risk. In light of this c:x:>n:em the Food arrl Drug 
Administration (F'Dt\) established an action level for d"llordane in fish 
fillets of 0.3 parts per million (ppn) wet weight. Fish with elevated 
chlordane levels, x > 0.3 ppn, have been reported in several rivers in 
Maryland. Chlordane levels as high as 0.8840 ppn for whole fish have been 
reported fran bluegill (Lepornis macrochirus) an:i 0.415 ppn for fillets from 
white sucker {catostam.ls canmersoni) caught in the freshwater portion of 
the Patuxent River (l-t.l.rphy 1986). other fish species analyzed fran the 
Patuxent River with high levels of chlordane i..rclude b:raom bullhead 
{Ictalu.rus nebu1osus) an:i fallfish {Semotilus rorporalis). \>bile these 
high levels are well dOCLmlel1te::i, there is little urrlerst.an:lin:J of the 
extent an:i geographic distribution of chlordane bioaca.nnulation in fish of 
the Patuxent River. 

'!he oojectives of the present study were as foll~: 

Sanplirg 

to detennine levels of chlordane present in fish fourrl 
in the Patuxent River an:i a:llTipCU'e with State data; arrl 

analyze the geograP"lic distribution of chlordane 
present in fish of the coastal plain non-tidal portion 
of the Patuxent River. 

MATERIAI..S AND ME'IHOCS 

Six stations within the non-tidal portion of the Patuxent arrl Little 
Patuxent Rivers were sarrpled between April 15 arrl June 23, 1988 (Figure 1) : 

1. the Patuxent River off of Route 1 in laurel (P-1); 

2. the Patuxent River near D.lvall Bridge at the Patuxent 
Wildlife Research Center ( P-WRC) ; 

3. the Patuxent just upstream of the Route 50 Bridge 
(P-50); 

4. the Patuxent River just upstream of the Route 214 Bridge 
{P-214); 

5. the Little Patuxent River just upstream of the Priest Bridge 
at Route 3 (lP-3); an:i 
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,, Figure 1. General location of study area and sampling stations! 
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6. the Little Patuxent River near Route 424 at Fort Meade 
(IP-FM). 

Sanplin:.J stations were selected based on MDE' s study design. Station P-1 
c::orresporrls to MOE's site PXI'0808, P-WRC corresp:>rrls to PXI'0728, IP-3 
corresponis to PXT0630, ani P-50 corresponis to PXI'0603. 

MOE data (Butler ani Allison 1984, Mur}:tly 1986, ani Mur}:tly 1988) suggests 
that the brc:M'l l:::ullhead has one of the JrDSt widespread distributions in the 
freshwater p:>rtion of the Patuxent River. In addition, brc:M'l l:::ullheads 
have been fa.md with high levels of dllordane in the Patuxent River. For 
these reasons, the brc:M'l l:::ullhead was selected as the main species in this 
study. Access to the sanple sites was by canoe. Fish were collected by a 
ccrnbination of catfish traps, hoop nets (len:;Jth: 4 feet; mesh size: 2 
in::nes), gill net (experimental with mesh sizes ran;Jin:.J fran 1.5 to 4 
inches), ani electroshoc:kin;J with a backpack unit (Smith ard Root). 
Collection techniques were depen:ient on varyin:.J corrli.tions at each station. 

'1hree brc:M'l l:::ullheads were collected fran each of the first five sarrpli.n;J 
stations for contaminant analysis between April 15 ard June 23, 1988. D..le 
to an inability to collect three bullheads fran the sixth station (I.P-FM), 
t\tiO 'White catfish (Ictalurus catus) ard one brown bullhead were collected 
ani sul:rnitted for analysis. 

Cc:rtposited sediment sarrples were collected fran each of the six stations at 
areas of sediment deposition an::l analyzed for organochlorine pesticides, 
in:::lud.i..rg chlordane. 'Ihree grabs per sanple were made with a petite Ponar 
cired;Je (sanplin:.J area inlet is 6 X 6 inches). 

Analysis 

'!'No of the three fish specimens collected at each station were analyzed for 
whole body b..n:den of organochlorines, while the remainin:.J fish was 
separated into fillet an::l carcass portions prior to analysis. 'lhis 
awroach allowed for a catparison of the two analytical procedures ard a 
catparison of the results with State data. All sarrples were sent to the 
Mississippi State Chemical laboratory (MSCL), Box a<, Mississippi State, 
Mississippi, 39762, for organochlorine analysis. 'lhe catpOUnds included in 
the organochlorine scan are presente::i in Table 1. Analytical techniques 
used by MSCL are checked ard approved by the U.S. Fish ard Wildlife 
Service's (FWS) Patuxent Analytical Control Facility (PACF), 'Which is 
responsible for quality assurance/quality control (QJy'(C) for the FWS. 
Analytical nethc:rls for sediment arrl fish sarrples are described in the 
folle1t<lin:.J paragraiils . 

Ten~ tissue sarrples were thoroughly mixed with anhydrous sodimn 
sulfate ani soxhlet extracted with hexane for seven hours. 'lhe extract was 
concentrated by rotary evaporation; transferred to a tared test tube, ard 
further concentrated to dryness for lipid determination. 'lhe weighed lipid 
sarrple was dissolved in petrolet.nn ether an::l extracted four tines with 
acetonitrile saturate::i with petrolet.nn ether. Residues were partitioned 
into petrolet.nn ether which was washed, concentrate::i, an::l transferred to a 
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glass chranatograp'lic c:x::>lumn c:x::>ntai.nirq 20 grams of Florisil. '!he c:x::>lurnn 
was eluted with 200 ml 6% ~thyl ether/94% petroleum ether (Fraction I) 
follo..led by 200 ml 15% dimethyl ether/85% petroleum ether (Fraction II). 
Fraction II was concentrated to appropriate volume for quantification of 
residues by packed c:x::>ltnnn electron capture gas chranatograP"1y. Fraction I 
was c:onoentrated an::l transferred to a silicic acid chranatografhl.c c:x::>lurnn 
for additional cleanup required for separation of polychlorinated bif:benyls 
(FCBs) fran other organochlorines. Three fractions were eluted fran the · 
silicic acid column. Each fraction was c:x::>ocentrated to appropriate volume 
for quantification of residues by packed or rregabore coltnnn, electron 
capture gas chranatograply. FCBs were fourd in Fraction II. 

'1\.lenty five-gram soil or secli.Irent samples were extracted with acetone 
followed by hexane, by allCJ«i..rxJ to soak one hour in each with intennittent 
shaki.rg. 'lhe cx:rnbined extracts were centrifuged an::l decanted into a 
separatory funnel contai.ni.rq sufficient water to facilitate partitioni.n3 
of 2 residues into hexane portion. '!he hexane was washed twice with water 
an::l concentrated to appropriate volume for transfer to a 1.6 gram Florisil 
mini-column topped with 1.6 grams scxlium sulfate. Residues were eluted 
fran the c:x::>lumn in two elution fractions. Fraction I c:x::>nsists of 12 
milliliters hexane follaved by 12 milliliters of 1% nv:thanol in hexane. If 
additional cleanup was required to separate FCBs fran other organochlorines 
in Fraction I, further chrcmatograP1y on a silicic acid column was 
perfonned as previously described. ~tification of residue in the two 
Florisil fractions and three silicic acid fractions was by packed or 
megabore coltnnn, electron capture gas chranatograP"1Y· 

statistical Methods 

Since one of the three fish from each station had been separated into 
fillet and carcass portions for analysis, a weighted nv=an value for whole 
bcx:ly burden was derived to allav cc:rrparison of c:x::>ntaminant concentrations 
at each station. '!he weighted rrean value for whole body burden was 
calculated usi..rxJ the follavi.rB equation: 

Whole body burden (ppn) = carcass wt. (ppm dry wt. l + Fillet wt. (ppm dry wt. ) 
Total wt. (ppn) 

Concentrations were c:x::>nverted to dry weight. D.le to the relatively small 
sample sizes for each location (n = 3) , nonpararnetric statistical tests 
were use::1 to differentiate between and airDn:;J median contaminant 
concentrations. Correlation coefficients (Pearson and Speannan rank-order 
correlation coefficients) were c:x:rrputed to detennine if the samples had 
been biased by selecti.n3 the largest fish for separation into fillet and 
carcass portions. '!he Wilcoxon's signed-rank test was use::1 to determine if 
significant differences existed between whole fish samples (n = 10) and 
calculated weighted rrean samples (n = 5). A Kru.skal-Wallis test was used 
to evaluate the differences occurri..rxJ airDn:;J all stations (Sokol and Rohlf 
1981}. statistical significance was assumed at .P ~ 0.05. All data 
analyses were perfonned usi..rxJ the PC version of SAS (SAS Institute, Inc. 
1985). 
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Table 2. Oll.ordane residue levels (:r:pn \to'et \to'eight c::arx::entration) fourrl in brown bullheads 
collected fran the non-tidal p::>rtion of the Patuxent River. 

station P-1: 0. 25 mile da¥nstream fran Route 198 bridge in Laurel 

1 2 3 

Residue whole fishl whole fishl carcassl + filletl = (wholefish) 1 

oxychlordane ND ND ND ND 
heptachlor epoxide ND ND ND ND 
trans-chlordane 0.01 0.02 0.06 0.03 0.09 
t-nonachlor 0.01 0.03 0.06 0.02 0.08 
cis-chlordane 0.01 0.03 0.07 0.03 0.10 
cis-nonachlor ND 0.01 ND ND 

total chlordane 0.03 0.09 .019 0.08 0.27 
~-based2 0.08 
% ll'Oisture 79.8 76.0 77.6 77.0 
% lipid 2.23 2.68 4.02 1.95 

Station P-R-lRC: D.Jvall Bridge, Patuxent Wildlife Research center, Laurel 

1 2 3 

Residue whole fishl whole fishl carcassl + filletl = (wholefish) 1 

oxychlordane ND ND ND ND 
Heptachlor ep::>xide ND ND ND ND 
Trans-chlordane 0.01 0.03 0.07 0.01 0 . 08 
t-nonachlor 0.01 0.02 0.02 0.01 0.03 
cis-chlordane 0.01 0.03 0.03 0.02 0 . 05 
cis-nonachlor ND ND ND ND 

Total chlordane 0.03 0.08 0.12 0.04 0.16 
~-based2 0.02 
% ll'Oisture 74.8 75.0 77.2 78.0 
% lipid 4.23 5.16 2.10 7.83 
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Table 2. ~lude:i 

Station IP-3: 0.5 mile up:;t.rearn of Route 3 bridge on Little Patuxent River 

1 2 3 

Residue whole tishl whole fishl carcass1 + filletl = (wholefish) 1 

oxychlordane ND ND ND ND 
heptachlor ep::>xide ND 0.02 ND ND 
trans-d'llordane ND 0.02 0.01 0.01 
t-nonachlor ND 0.01 0.01 0.01 
cis-chlordane ND 0.02 0.01 0.01 
cis-nonachlor ND ND ND ND 

Total chlordane 0.07 0.03 0.03 
FIY>.-based2 0.00 
% noisture 78.2 74.8 78.8 78.4 
% lipid 0.753 5.54 2.02 1.96 

Station IP-3: 0.5 mile downstream of Route 424 bridge on Little Patuxent River near 
Ft. Meade entrance 

1 2* 

0.02 
0.02 
0 . 02 

0.06 

3* 

Residue whole fishl whole fishl carcassl + filletl = (wholefish) 1 

oxychlordane ND ND ND ND 
heptachlor epoxide ND 0.01 ND ND 
trans-chlordane 0.02 0.01 0.09 0.01 
t-nonachlor 0.02 0.01 0.05 0.02 
cis-chlordane 0.03 0.01 0.04 0.02 
cis-nonachlor ND ND ND ND 

total chlordane 0.07 0.04 0.18 0.05 
FIY>.-based1 0.04 
% noisture 74.6 72.6 75.6 75.8 
% lipid 7.01 4.43 4.68 3.28 

1 - ppn. 
2 - levels of in:lividual cc.mponents must be quantitated at 0.02 ppn or above. 
* - 'Ihese two sanples were white catfish. 
) - SUmmation of carcass an:l fillet. 'Ihese whole fish concentrations were not 

not chemically analyzed. 
ND - Not detected. 

Note: Sedim:mt sanples (c::c.trlpJSite of 2 grabs) were taken at all stations arrl none of 
the chlordane iscmars were detected at any of the six stations. 
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bioa<X"DRilate, logic dictates that residue levels in fish wcx.Ud mntinue 
to inc:rease for several years followi.n:J these bans, 1Mhi.c:h seems to be the 
case oo the Patuxent River based oo available data. 

In 1988, the Fw.> collected two brown bullheads at P-1, the station farthest 
up;tream, whidl had whole bcxly l:m:dens of 0.03 RD (wet weight) ard 0.09 
RD (wet weight). 'lhese levels were lower than those foorx:l by HIE in both 
1977-1978 arrl 1984. '!hey are also lower than the 0.1 RD limit set by the 
NAS-NAE for chlordane levels in whole fish, 1Mhi.d1 i.n:ticates that these fish 
were within an allowable ran;Je of chlordane residue ccnoentratioo. In 
1977 ani 1978, two black c:J:"aWie (Pgtpxis nigrgnaculat\ls) specimens, 
collected fran statim PXI'0809 (just upstream of P-1) by M1E had chlordane 
ccnoentratians of 0.19 REam 0.02 wu, respectively (lia.r:tton 1980). In 
1980, the state collected a spottail shiner (Notropis ht pSQnius) am a 
fallfish at station PXT0808 (also upstream of P-1), both with chlordane 
levels of 0.09 wn (Allison am Butler 1982). At this same location in 
1981, a p.mpkinseed (I.epgnis g.il:ix>sus) with a level of 0.01 wn was 
collected, ard in 1982 a 1Mhi.te sucker with a level of 0.069 J:Pn was taken 
(8.Itler arrl Allison 1984). All but one of these fish were within the 
allowable chlordane cxn::::entration ran;Je set by NAS-NAE. 'lhe highest 
residue levels in fish at this site were fCA.ll'd in 1984 when MOE collected 
specimens with the followi.n:J levels: (1) white sucker - 0.36 REi arrl (2) 
fallfish - 0.35 WU (l'h.u:}:tly 1986). A brown bullhead fillet collected by 
~ fran sanple site P-1 ard sul:mitted for analysis in 1988 had a chlordane 
residue level of 0. 08 WTI· 'lh.is is c:x::IT'parable to levels fwrrl in the two 
whole fish sanples collected fran this station (0.03 J:Pn ard 0.09 J:Pn, 
respectively). MDE has not sul:mi.tted any fish fillets fran this area for 
analysis. 

rata collected fran the Patuxent River near the Patuxent Wildlife Research 
Center between 1981 am 1988 further substantiate the idea that there is a 
tenporal variation pattern of chlordane levels in non-tidal areas. Both 
MDE arrl ~ have collected fish in this vicinity (stations PXT0728 arrl P
WRC, respectively). In 1988, the FWS collected two brown bullheads at this 
statioo with chlordane residue levels of 0.03 wn arrl 0.08 WU· '!he 
chlordane levels in these two speci.Ioons were lower than those in the fish 
collected by MDE in 1981 arrl 1983. In 1981, ~ collected a p..mpkinseed 
arrl a white sucker with chlordane whole bcxly burdens of 0.219 ppn arrl 0.319 
R=Jn, respectively (Butler arrl Allison 1984). In 1983, a white sucker was 
collected with a o. 768 wn level (l'h.u:}:tly 1986). OU.ordane levels at this 
statioo a~ to have peaked in 1983. 

station P-50 (MDE station PXT0603) is a site havi.rq sare of the most 
extensive sanpli.rq data. Cclrparison of these data also reveals an increase 
in chlordane levels fCA.ll'd through 1983, followed by a decrease, lerrli.n:J 
CI"eClen:le to the tren:i of tenporal variation in chlordane levels previously 
mentioned. '!'No brown bullheads collected at station P-50 by Fw.> in 1988 
both had whole bcxly l:m:dens of chlordane of 0. 04 WU· 'lhese are sare of 
the lOI!Ie.St residue levels fwrrl in any species at this site since 1982. In 
1978-79, MOE collected a blue:Jill, white sucker, am cazp (CVPrinus carpio) 
with chlordane whole bcrly burdens of 0 .16 ppn, 0.48 wu, ard 0.26 wn, 
respectively. In 1981, MOE reported residue levels ran;Ji.rq fran 0.031 ppn 
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Patuxent River in the future, however periodic fish analysis will be 
required to determine this. 

Analysis of the g~c distribution of brc:M'l b.lllhead chlordane 
residues in the nan-tidal portion of the Patuxent River i.nticated a 
decreasin:] trem progressin:J fran upstream to downstream stations. '!his 
seems to be a logical pattern when related to the degree of develq:m:mt 
adjacent to the Patuxent alon:J this stretdl. '!he upstream portion near 
laurel, Marylard is nore urbanized while the lower sections sa.Ith to 
ravidsanville are ncre b.lffered, with potential sources of chlordane 
further fran the mainstem of the Patuxent. For exanple, large areas of the 
Patuxent River ('R'lRC ard Patuxent River state Park) suwort large forested 
Wffer striFG protecti.n:J the river fran p:>tential non-point run-off (i.e. 
stonrwater) fran surram:lin:J suburbs such as laurel, BaNie, ard 
ravidsonville, Macylard. 

CDNCI.IJSIONS AND ~ONS 

Ccllparison of MOE data ard FWS data for residue levels in the sane species 
'Mere possible at two stations (P-50 ard I.P-3), since MOE only caught b~ 
b.lll.heads at PXI'0603 ard PXI'0630. 'Ihese results reveal that residue levels 
in brc:M'l b.lllheads collected in 1988 were lower than those in the sane 
species collected fran the sane areas several years earlier. '!he 
remai.ni.rq data allow only inter-species c::arparisons, D.rt: they do in:ticate a 
general trerrl of lower chlordane residue levels in the 1988 specimens. 

~variability in the 1988 results in:licate that the geograiitic 
distribltion of chlordane does not represent a significant direct 
relationship. 'Ihe fact that the geograt=hl.c pattern i.nticated by this study 
proved not to be significant might be e>qJlained by varioos factors. 
Collectin:.J ncre specimens at each station would urdoubtedly provide m::>re 
reliable results, however, l:u:iget constraints restricted the number of 
specimens that cc:uld be analyzed. 'Ihis infonnation may reflect that sample 
locations were too close to sho.v a significant tren:i or that the same fish 
pqxllation was bein:.J sampled due to the proximity of sample locations. 

\tbile this infonnation proves beneficial as baseline data for future 
noni.tori.n:J of chlordane in the Patuxent River, a larger scale (m::>re samples 
per station, nore stations, larger section of the river) study would need 
to be cx:n::hlcted to fully ascertain geogra:tXlic distribution of chlordane in 
the Patuxent. Olrrently, it would appear that no health risk asscx::iated 
with chlordane bioaCCliitU..llation in fish exists based on this study's 
results. 
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AWerrlix A: l.erxfths am weights of 'Patuxent River sanples sul::mitted for 
chlordane analysis 

16 



. ,, 

Total Total 
I.en;Ith Weight 

Sanple ID# Species (Iml) (g) 

~ brown tullhead 253 190 

Pl.BB brown bullhead 220 190 

Pl.BC* brown bullhead 242 220 

PlS sediment 25 

brown tw.lhead 271 240 

bruwn bullhead 273 302 

brown bullhead 220 132 

25 

P50B.l\. brown bullhead 314 297 

P50BB brown bullhead 281 297 

P50BC* brown bullhead 289 347 

P50S sediment 25 

P214BA brown bullhead 315 363 

P214BB brown bullhead 292 388 

P2140C* brown bullhead 345 585 

P214S sediment 25 

17 



Total Total 
I.ergth Weight 

Sanple ID# Species (mm) (g) 

IP3B.\ b~ l:ullhead 211 179 

LP3BB b~ bullhead 296 339 

LP3BC* b~ l:ullhead 264 260 

l.P3S sediment 25 

b~ bullhead 314 419 

LPFMWA white catfish 315 425 

LPFM-m* white catfish 330 488 

LPFMS sediment 25 

* Separated for analysis of fillet an:i carcass portions. 
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Apperrli.x B. 

• II 

Analytical results of chemical analyses of fish an::i sediment 
sanples fran the Patuxent River 
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SAMPLE TYPE: Brown 

MISSISSIPPI STATE UNIVERSITY 
MISSISSIPPI STATE CHEMICAL LABORATORY 

BOX CR 
Bu I I head, White 
Catfish, and Sediment 
CAT NO. 5587 
BATCH NO. 88-5-043 
ORDER NO. 85800-88-

30035 

FWS • P 1BA 

LAB • 758286 

Brown 
MATRIX Bullhead 

COMPOUND 

HCB NO* 

a-BHC NO 

r-BHC NO 

p -BHC NO 

S-BHC NO 

Oxychlordane NO 

Hept. Epox. NO 

r -Chlordane 0.01 

t-Nonachlor 0.01 

Toxaphene NO 

PCB'S (total) 0.05 

o, p'-DOE NO 

a-Chlordane 0.01 

p, p'-OOE 0.03 

Dieldrin NO 

0, p'-000 NO 

Endrin NO 

cls-nonachlor NO 

0, p'-DDT NO 

p, p'-000 0.06 

p, p'-OOT 0.01 

Mlrex NO 

OTHER: 

WEIGHT (g) 189 

MOISTURE (%) 79.8 

LIPID (%) 2.23 

MISSISSIPPI STATE, MS 39762 
REPORT FORM 

USOI/FWS 

I ORGANOCHLORINES I 
PARTS PER MILLION AS RECEIVED (WET WT) 

p 1BB P 1BCC P 1BCF p 1 s 
758287 758288 758289 758290 

Brown B. B. B. B. 
Bu II head Carcass Fillet Sediment 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

ND NO NO NO 

NO NO NO NO 

NO NO NO NO 

0.02 0.06 0.03 NO 

0.03 0.06 0.02 NO 

NO NO NO NO 

0.06 0.40 0.23 NO 

NO NO NO NO 

0.03 0.07 0.03 NO 

0.01 0.04 0.01 NO 

NO 0.01 0.01 NO 
. 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

0.01 0.03 0.01 NO 

0.01 0.01 0.01 NO 

NO NO NO NO 

194 177 36.9 179 

76.0 77.6 77.0 32.6 

2.68 4.02 1.95 -

Page 1 

DATE RECEIVED 10/24/88 

. P WRCBA P WRCBB 

758291 758292 

Brown Brown 
Bullhead Bu II head 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

0.01 0.03 

0.01 0.02 

NO NO 

0.12 0.33 

NO NO 

0.01 0 .03 

0.02 0.03 

NO 0.01 

NO NO 

NO NO 

NO NO 

NO NO 

0.01 0.02 

0.01 0.01 

NO NO 

234 298 

74.8 75.0 

4.23 5.16 

Lower Level of Detection- 0.01 ppm for Tissue, 
For Water, LLD• 0.005 ppm for OCs, Tox , PCBs 

Sol I, Etc . 0.05 for Toxaphene and PCBs. 

**Spl~e • ppm for 
• • Confirmed by GC/Mass Spectrometry 
*NO - None Detected 
•••Ns • Not Spi~ed 

20 



~~~~~~~orr1 ~~~l e UNIYCK~I IT 

SAMPLE TYPE: Brown 
MISSISSIPPI STATE CHEMICAL LABORATORY 

BOX CR 
Bu I I head , Wh I t e 
Catfish, and Sediment 
CAT NO. 5587 
BATCH NO. 88-5-043 
ORDER NO . 85800-88-

30035 

MISS ISS IPPI STATE, MS 39762 
REPORT FORM 

USOI/FWS 

I ORGANOCHLORINES I 
PARTS PER MILLION AS RECEIVED (WET WT) 

FWS • p WRCBCC P WRCBF P WRCS P 50BA p 50BB 

LAB • 758293 758294 758295 758296 758297 

B. B. B. B. Brown Brown 
MATRIX Carcass Fi llet Sediment Bu llhead Bu II head 

COMPOUND 

HCB NO* NO NO NO NO 

a-BHC NO NO NO NO NO 

r -B HC NO NO NO NO NO 

, -BHC NO NO NO NO NO 

6-BHC NO NO NO NO NO 

Oxychlordane NO NO NO NO NO 

Hept. Epox. NO NO NO NO NO 

r -Chlordane 0.07 0 . 01 NO 0.01 0.01 

t-Nonachlor 0.02 0.01 NO 0.01 0.02 

Toxaphene NO NO NO NO NO 

PCB'S (total) 0 . 30 0.19 NO 0.37 0.33 

o, p'-DDE NO NO NO NO NO 

a - Chlordane 0.03 0.02 NO 0.02 0.01 

p, p'-DDE 0.02 0.01 NO 0.04 0.02 

Dieldrin 0.01 NO NO NO NO 

0, p'-000 NO NO NO NO NO 

Endrln NO NO NO NO NO 

cis-nonach lor NO NO NO NO NO 

o, p'-DOT NO NO NO NO NO 

p, p'-000 0.01 0.01 NO 0.01 0.01 

p. p'-DDT 0.01 0.01 NO 0 . 01 0.01 

Ml rex NO NO NO NO NO 

OTHER: 

WEIGHT (g) 101 21.0 173 335 291 

MOISTURE (%) 77.2 78.0 36.8 75.4 79 .8 

LIPID (%) 2.10 7.83 - 5.23 2.27 

Page 2 

DATE RECEIVED 10/24/88 

P 50BCC P 50BCF 

758298 758299 

B. B. B. B. 
carcass F i II et 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

0.02 0.01 

0.02 0.01 

NO NO 

0.29 0.17 

NO NO 

0.02 0.02 

0.02 0.02 

0.01 0.01 

NO NO 

NO NO 

NO NO 

NO NO 

0.01 0.01 

0.01 0.01 

NO NO 

281 52.8 

75.4 78.2 

4.04 2.90 

Lower Level of Detection- 0.01 ppm for Ti ssue, 
For Water, LLD• 0.005 ppm f or OCs, Tox , PCBs 

So l i, Etc. 0.05 for Toxaphene and PCBs. 

**Spike - ppm for 
•- Confirmed by GC/Mass Spectrometry 
*NO - None Detected 
***NS • Not Spiked 21 
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SAMPLE TYPE: Brown 
Bullhead, White 
Catfish, and Sediment 
CAT NO. 5587 

I I 

MISSISSIPPI STATE CHEMICAL LABORATORY 
BOX CR 

MISSISSIPP I STATE, MS 39762 
REPORT FORM 

USDI/FWS 

Page 3 

BATCH NO. 88-5-043 
ORDER NO. 85800-88- I ORGANOCHLORINES I DATE RECEIVED 10/24/88 

30035 
PARTS PER MILL ION AS RECEIVED (WET WT) 

FWS * P 50S P 214BA p 214BB 

LAB • 758300 758301 758302A 

Brown Brown 
MATRIX Sediment Bullhead Bu II head 

I COMPOUND I 
HCB NO• NO NO 

a-BHC NO NO NO 

r-BHC NO NO NO 

p -BHC NO NO NO 

6-BHC NO NO NO 

Oxychlordane NO NO NO 

Hept. Epox. NO NO NO 

r -Ch I or dane NO 0.01 0.01 

t-Nonachlor NO 0.01 0.01 

Toxaphene NO NO NO 

PCB's (total) NO 0.15 0.18 

o, p'-OOE NO NO NO 

a-Chlordane NO 0.01 0.01 

p, p'-ODE NO 0.01 0.02 

Dieldrin NO NO 0.01 

o, p'-000 NO NO - NO 

Endrin NO NO NO 

cls-nonachlor NO NO NO 

0, p'-OOT NO NO NO 

p, p'-000 NO NO 0.01 

p. p'-ODT NO NO 0.01 

Ml rex NO NO NO 

OTHER: 

WEIGHT (g) 143 489 383 

MOISTURE (X) 51.2 75.8 72.0 

LIPID (X) - 3.36 7.23 

Lower Level of Detection- 0.01 ppm for Tissue, 
For Water, LLD• 0.005 ppm for OCs, Tox , PCBs 
••Spike • ppm for 
•- Confirmed by GC/Mass Spectrometry 
*NO • None Detected 
***NS • Not Spiked 

22 

p 214BB P 214BCC P 214BCF p 214$ 

758302B 758303 758304 758305 

Oup llcate B. B. B. B. 
B.Bullhea Carcass F I I let Sediment 

I 
NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO 0.01 NO 

0.01 0.04 0.02 NO 

0.01 0.09 0.07 NO 

NO NO NO NO 

0.19 1.4$1 1.3tt NO 

NO NO NO NO 

0.01 0.07 0.05 NO 

0.02 0.19• 0.15• NO 

0 .01 0 .02 0.02 NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

0 .01 NO 0.04 NO 

0.01 NO NO NO 

NO NO NO NO 

383 509 68.0 165 

72.2 73.2 76.2 49.0 

8.13 6.17 5.53 -
Soli, Etc. 0.05 for Toxaphene and PCBs. 
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SAMPLE TYPE: Brown 
Bullhead, White 
Catfish, and Sediment 
CAT NO. 5587 

MISSISSIPPI STATE UNIVERSITY 
~ISSISSIPPI STATE CHE~ICAL LABORATORY 

BOX CR 

BATCH NO. 88-5-043 
ORDER NO. 85800-88-

30035 

MISSISSIPPI STATE, US 39762 
REPORT FOR~ 

USOI/ FWS 

I ORGANOCHLORINES I 
PARTS PER ~ ILLION AS RECEIVED CWET Wn 

FWS • LP 3BA LP 3BB LP 3BCC LPB3CF LP 3S 

LAB • 758306 758307 758308 758309 758310 

Brown Brown B. B. B. B. 
~ATRIX Bul lhead Bu II head Carcass F II let Sediment 

COMPOUND 

HCB NO* NO NO NO NO 

a-BHC NO NO NO NO NO 

r-BHC NO NO NO NO NO 

,-sHe NO NO NO NO NO 

6-BHC NO NO NO NO NO 

Oxychlordane NO NO NO NO NO 

Hept . Epox. NO 0.02 NO NO NO 

r -Ch I or dane NO 0.02 0.01 0.01 NO 

t-Nonachlor NO 0.01 0.01 0.01 NO 

Toxaphene NO NO NO NO NO 

PCB'S (total) 0.12 0 .19 0 .21 0.23 NO 

o, p'-DDE NO NO NO NO NO 

a-Chlordane NO 0.02 0.01 0.01 NO 

p, p'-DDE 0.01 0.03 0.01 0.02 NO 

Dieldrin NO 0.01 NO NO NO 

o, p'-DDD NO NO - NO NO NO 

Endrin NO NO NO NO NO 

cls-nonachlor NO NO NO NO NO . 

0, p'-OOT NO NO NO NO NO 

p, p'-000 NO 0.01 NO NO NO 

p, p'-DDT NO NO NO NO NO 

Ml rex NO NO NO NO NO 

OTHER: 

WEIGHT (g) 177 333 216 38.5 173 

~OISTURE (%) 78.2 74.8 78.8 78.4 35 .2 

LIPID (%) 0.753 5.54 2.02 1.96 -

Page 4 

DATE RECEIVED 10/24/88 

LP F~BA LP F~WA 

758311 758312 

Brown WhIte 
Bullhead Catfish 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO 0.01 

0.02 0.01 

0.02 0.01 

NO NO 

0.32 0.10 

NO NO 

0.03 0.01 

0.03 0.02 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

0.01 0.02 

NO NO 

NO NO 

379 425 

74.6 72.6 

7.01 4.43 

Lower Level of Detection - 0.01 ppm for Tissue, 
For Water, LLD• 0.005 ppm for OCs, Tox , PCBs 

Soli, Etc. 0.05 for Toxaphene and PCBs. 

••Spike - ppm for 
•- Conf i rmed by GC/Mass Spectrometry 
*NO • None Detected 
***NS • Not Spiked 
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SAMPLE TYPE: Brown 

MISSISSIPPI STATE UNIVERSITY 
MISSISSIPPI STATE CHEMICAL LABORATORY 

BOX CR 
Bu I I head, WhIte 
Catfish, and Sediment 
CAT NO. 5587 
BATCH NO. B8-5-043 
ORDER NO. 85800-88-

30035 

MISSISSIPPI STATE, US 39762 
REPORT FORM 

USDI/FWS 

I ORGANOCHLORINES I 
PARTS PER MILLION AS RECEIVED (WET WT) 

Matrix 
FWS • LP FMWBC LP FMWCF LP FMS Blank Blank 

LAS • 758313 758314 758315 758316 for 

W.Catfish w .CatfIsh 
MATRIX Carcass F i II et Sediment Reagent Fish 

COMPOUND 

HCB NO* NO ND NO NO 

a-BHC ND NO NO NO NO 

r-BHC NO NO NO NO NO 

p-BHC NO NO NO NO NO 

S-BHC NO NO NO NO NO 

Oxychlordane NO NO NO NO NO 

Hept. Epox. NO NO NO NO NO 

r-Chlordane 0.09 0.01 NO NO NO 

t-Nonachlor 0.05 0. 02 NO NO NO 

Toxaphene 4.7 .. NO NO NO NO 

PCB's (total) NO 0.40 NO NO NO 

o, p'-DOE NO NO NO NO NO 

a-Chlordane 0.04 0.02 NO NO NO 

p, p'-DDE 10 ... 0.05 NO NO 0.01 

Dieldrin 0 .03 0.01 NO NO NO 
-

0, p'-000 NO NO NO NO NO 

Endrln NO NO NO NO NO 

cls-nonachlor NO NO NO NO NO 

o, p'-DOT NO NO NO NO NO 

p, p'-000 3.2 .. 0.03 NO NO NO 

p, p'-DOT 0.77 .. NO NO NO NO 

Mi rex NO NO NO NO NO 

I OTHER: I 

WEIGHT (g) 422 54.0 167 - -
MOISTURE (%) 75 .6 75.8 37.0 - 77.6 

LIPID (%) 4.68 3.28 - - 1 .46 

Page 5 

DATE RECEIVED 10/24/88 

% 
Spike** Recovery 

758317 

Fish 

0.060 GO 

NS*** 

0.093 93 

0.092 92 

NS 

0.085 85 

0.090 90 

NS 

0.086 86 

NS 

NS 

0.093 93 

0.093 93 

0.10 100 

0.090 90 

NS 

0.093 93 

0.098 98 

0.10 100 

0.092 92 

0.097 97 

0.090 90 

I 

-
79.0 -
1 . 41 -

Lower Level of Detection • 0.01 ppm for Tissue, 
For Water, LLO• 0.005 ppm for OCs, Tox , PCBs 
**Spike • 0.10 ppm for Fish 

Sol I, Etc. 0.05 for Toxaphene and PCBs. 

• • Confirmea-by GC/Mass-5Pectrometry 
*NO • None Detected 
***NS • Not Spiked 
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) . SAMPLE TYPE: Brown 
Bullhead, White 
Catfish, and Sediment 
CAT NO. 5587 

MISSISSIPPI STATE CHEMICAL LABORATORY 
BOX CR 

BATCH NO. 88-5-043 
ORDER NO. 85800-88-

30035 

FWS * Blanl< 

LAB * 758318 

MATRIX Reagent 

COMPOUND 

HCB NO* 

a-BHC NO 

r-BHC NO 

,-BHC NO 

6-BHC NO 

Oxychlordane NO 

Hept. Epox. NO 

r-Chlordane NO 

t-Nonachlor NO 

Toxaphene NO 

PCB's (total) NO 

o, p'-DDE NO 

a-Chlordane NO 

P, p'-ODE NO 

Dieldrin NO 

o, p'-000 NO 

Endrln NO 

cis-nonachlor NO 

0, p'-OOT NO 

p. p'-000 NO 
p, p'-DDT NO 

Ml rex NO 

OTHER : 

WEIGHT (g) -
MOISTURE (% ) -
LIPID (X) -

MISSISSIPPI STATE, ~S 39762 
REPORT FOR~ 

USDI/FWS 

I ORGANOCHLORINES I 
PARTS PER MILLION AS RECEIVED (WET WT) 

Matrix % 
Blanl< B I ani< Spll<e** Recovery 

758319 for 758320 

Reagnet Fish Fish 

NO NO 0.066 66 

NO NO Ns••• 

NO NO 0.099 99 

NO NO 0.097 97 

NO NO NS 

NO NO 0.091 91 

NO NO 0.098 98 

NO NO NS 

NO NO 0.091 91 

NO NO NS 

NO NO NS 

NO NO 0.099 99 

NO NO 0.099 99 

NO 0.01 0.10 100 

NO NO 0.096 96 

NO - NO NS 

NO NO 0.095 95 

NO NO 0.10 100 

NO NO 0. 11 110 

NO NO 0.10 100 

NO NO 0.098 98 

NO NO 0.086 86 

- - - -
- 76.2 74.8 -
- 3.1 2 3.19 -

Page 6 

DATE RECEIVED 10/24/88 

Matrix 
Blanl< Blank 

758321 for 

Reagent Sediment 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO NO 

NO 0 . 0 1 

- -
- 50 . 0 

- -
Lower Level of Detection- 0.01 ppm for Tissue, 
For Water, LLD• 0.005 ppm for OCs, Tox , PCBs 
**Spike • 0.10 ppm for Fish 

Soil, Etc. 0 . 05 for Toxaphene and PCBs . 

1 • Conflrmea-by GC/Mass-spectrometry 
*NO - None Detected 
•••Ns • Not Spll<ed 
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. S~PLE TYPE : Brown 
Bullhead , White 
Catfish, and Sediment 
CAT NO . 5587 

MISS ISSIPPI STATE UNIVERS ITY 
MISSISS IPPI STATE CHEMICAL LABORATORY 

BOX CR 

BATCH NO . 88-5-043 
ORDER NO. 85800-88-

30035 

MISSISSIPPI STATE, US 39762 
REPORT FORM 

USDI/FWS 

I ORGANOCHLORINES I 
PARTS PER MILLION AS RECE IVED (WET WT) 

% 
FWS • Spike** Recovery 

LAB • 758322 

MATRIX Sediment 

COMPOUND 

HCB 0.030 75 

a-BHC NS*** 

r-BHC 0.032 80 

,-sHe 0 .040 100 

6-BHC NS 

Oxychlordane 0 .035 88 

Hep t. Epox. 0.036 90 

r -Ch I or dane NS 

t-Nonachlor 0.043 108 

Toxaphene NS NS 

PCB'S (tot a l) NS NS 

o, p'-ODE 0.041 103 

a-chlordane 0.037 93 

p, p'-DDE 0.042 105 

Dieldrin 0.038 95 . 

o, p ' -DDD NS -
Endrln 0.040 100 

cis-nonachlor 0.04_4 110 

o, p'-DDT 0.035 88 

p, p'-DDD 0.041- 103 

p, p'-DDT 0.036 90 

Mi rex 0.04~ 105 

OTHER: 

WEIGHT (g) - -
MOISTURE (%) 50.0 -
LIPID (%) - -
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DATE RECEIVED 10/24/88 

Lower Level of Detection • 0.01 ppm for Tissue, 
For Water , LLD• 0.005 ppm for OCs, Tox , PCBs 
**Spike • 0 .040 ppm for Sediment 

Sol I, Etc. 0.05 for Toxaphene and PCBs. 

• • Conflrmea-Dy GC/Mass Spectrometry 
*NO • None Detected 
***NS • Not Spiked 
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