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Abstract 

An assessment of fecal-borne microbiaIcontaminants in sediments and water around the 
SHIPYARD was made from September 1991 to June 1993. Measurements were made of 
Clostridiwn peifringens in water and in surface and subsurface sediments at 28 sites in the vicinity 
of the SHIPYARD and in York Harbor from September 1991 through June 1993. Monthly 
measurements of enterococci and fecal coliforms were also made to compare trends for long-term 
and short-term fecal contamination in water. C. peifringens concentrations were relatively low in 
water samples near the SHIPYARD and site 23 in York Harbor had the consistently ,lowest levels 
of all sites. Enterococci and fecal coliform levels steadily decreased from relatively high levels in 
November to low levels in March 1992 through June 1993, except for March 1993 when much 
higher levels were observed at all sites. In contrast to C. peifringens, the highest geometric means 
for fecal coliforms and enterococci were at site 23 in York Harbor. The highest levels of 
contamination in surface sediments and sedimeilt cores\\vere generally near Seavey Island, site 2 
and the Rt. 95 bridge, while lower levels of C. perj'ringens were apparent at sites in channels away. 
from the Piscataqua River and in York Harbor. Sediment core profiles showed highly 
contmainated layers at some sites. ComparisQnofC; perj'r(ngens to lead and mercury , 
concentrations showed similar tre,nds in,~patialdistributi()ns. This study is useful for determining 
the distribution of fecal contamination near the SHIP¥ ARD and will be helpful for evaluating the 
contribution of non-microbial contaminarttsin the harbor from the SIllPY ARD in relation to other 
sources associated with fecal contaminaticm: ' 

Introduction 

A critical aspect of assessing the impact that a certain source of pollution has had on its 
surrounding environment is to be able to separate the impact of the target source from the 
influences of other sources. The Portsmouth Naval Shipyard (PNSY) has different types of waste 
materials located at a variety of sites around Seavey Island that could potentially have an impact on 
the surrounding environment. However, other sources of some of the same potentially toxic 
materials exist or have existed in close proximity to Seavey Island. For example, the outfall for 
effluent from the Portsmouth municipal wastewater treatment facility is in the channel of the 
Piscataqua River near Seavey Island, and other sewage effluent and storm drain outfall pipes are 
also located in and around Portsmouth Harbor. In addition, more historic sources of heavy metals 
and PARs located upstream in Portsmouth and near Dover; New Hampshire, and the Berwicks in 
Maine could also be sources of the pollutants that have accumulated in the sediments near Seavey 
Island (Jones et al., ~992). Thus, any potential impact of toxic organic and inorganic compounds 
on the biota in Portsmouth Harbor may not necessarily be solely attributed to PNSY. 

Many of the sources of potentially toxic pollutants to Portsmouth Harbor are also sources 
of fecal contamination, whereas this is only a minor component of the wastes coming from PNSY. 
Thus, the use of an indicator of fecal contamination could help to assess the relative toxicological 
influence of the mote fecally-contaminated pollution sources from the potential influence of PNSY 
on the biotic communities in Portsmouth Harbor (Jones, 1995). There are numerous bacteria, 
bacteriophages, and viruses that are common to themicrobiaf communities of the intestines of 
warm-blooded animals, and some of these organisms are quite specific indicators of fecal 
contamination. Detection of one of these microbial indicators of fecal contamination could help 
fing~rprint the distribution of fecally-contaminated sediments in Portsmouth Harbor. 
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This' study is an attempt to determine the environmental impact of the PNSY wastes and 
toxic materials that have been or are presently being released into the environment. Most fecal 
indicator microorganisms cannot survive for decades, which is the time scale over which PNSY 
waste materials of concern could have had an influence omthe c;mv:ironment, and would therefore 
be of little use as indicators of the presence of fecal contamination in sediments. Conversely, one 
fecal-bome bacterium, Cl()~tridium perjringens, will respond to certain environmental stresses by 
form1ngspores iliarcan ,sufviVe for long periods of time" . G. perjringt;ns. hasbe~m,U~ lCfPfovide 
a record Of fecal'con~nation iIi sediments cores (Valenteet al.;1992).as. a se",age sludgf~acef . 
in sedimellts arouridocean dumpsites (White etal., J 993; EmersoDlWd C~belli, .1982; 1985), and' . 
to assess groundwater contamination from larid.,applied sewage. (St,John .andMatch~s, .. 19$2). 
Thus, the longevity of the endospore makes thisorganismespeci~ly us~ful for thestudy.oflong-
term fecal contamination. . '.. , '. . .' . 

~i" .• In the present stlldy, C. perjringens was used as an indicator of fec~ pollution to det¢Jllline 
the distribution of fecal pollution in sediments aroundPortsroouth Harbor .. The cOllcentrations of 
C. p~rfringens;'enterocdcciand fecal coliformsin water column sample~JrOIn.~ites.throughout tlte 
Harbor were:fUso'measured as a means oflocating existingsour~es of(ecal pollution. Two sites in. 
Y Qrk Harbor wer,e included in this investigation as comparative sites to~ortsmQum Harbor. .... 

Objectives " 
'_: _" . _ ~ , __ .. ~. ~.' _ '.' """ :c.'_' ~~' ;'~.-,. ~~ 

-rp.e purpos~ 9f this stUdy was to gain .information on past and present f~al contamination 
in stXJiments:and watedn Portsmouth Harbor .. Such infonnati6nis need,ed for pifferentiating ..... . 
feca1:':oorrie tbkic compound connuninants in sediments and water fromcon~nants figm non~ . 

. recally contaminated 'sources,'like the:SHIPYARD.Integration of bacterialcon~ation cta~ 

. with that of tQxic compounds known to be prevalent in sewage can provide a fmgerprint of fecal­
·'born~colltamimition:. C. pe1jTingens andertteroCoccVfecal~olifotml) were'useda~. bacterial 
. 'indicators oflong~term~d more recent fecalpollution,respectivel~ .. These goals . were. 
"accomplishedthtoughthe folloWing specific objectives: .. ' , 

" l.)"deteqrtine potential existing sottrc~sJandthe distribution of feqalcontatn,iIlation in 
Portsmouth Harbot water; ",. ". ': ':: , 

2..) . determhlethe distribution of fecal~bornecontanWtants froplrelativelYrecent .SQurc.es 
depositedintop layers of surface sediments in PortsmouthlIlgbor; . ,...... '.'.,.. 
. ,., "3.) determinelorig-termtrends for fecal contamination ,~pparent in deeper sediments 
around'Portsniouth Harbor. 

·/.sMetbo'dS 

Sedii11ent and water samples were collected from 28, sites ~c~ordipgto$Oppr~edUres 
without difficulty::' The key aspecrfrom amicrobiological,sta.l}dpoint was thatnQ c,:ross ... ' .. ' . 
con~ation occurred a.ridthat sampleswereadequatelypreseryt?d tQmiJlitni,zes~e.ssto t,lle 
microbe's. Water and sedin1entsamples,were allanalyzedJor O. pe1jTi,!c,ens accPTc\iIlg to SOP 
procedUres, also' without difficulty~· ... Detailsoftheprocedures .. are d~s.Cri~.jD ]ELSO!> 1.09 and 
ER1>N SOP 1.@3'.017 for enul!1etatioh ofe. petjringens insedim~I1~s and II}~Jiewat~!s, 
resI>¢ctiv~ly.Water samples collected from. Sept. 199t to June J 993 at stx, of the origm,al 23 ' 
Sami>les~tionswereanalyzedforC.peif"ingens.,.:. .... .' ,'.' ': '. . '.' ...... . 

Monthly '(1l/91-Hl/92)and quarterlYi (J2/92.,.6193) w~ter samples were ~S9 an~yzedJor 
enterococci and fecal coliforms, using accepted methods (U.S~E.P.A., 1986). ,'J'nis adcUtional' 
information was included for comparison of the indicator of long-term fecal contamination (C. 
perjringens) to, indicators of more short-lived duration (enterocOC,£i;fec~ cop.fQn,ps) lltatwou}d I;)e. 
more indieativeo{tecerit fecal contamination;.' Enteroeocci·is. theindic~tor presently. u~ by both 
~e ~tate ()fM~ilea.ridthe'StateofNew Hampshireasthe'~tandard forasse~sil1g thes~ttarY . 

quality ofmanne recreational waters, .• ana'fecal--coliforms .areused~bybotlrstate-S-;UJClassifr"'-·-----·---
shellfish"-giowing waters. . . 



Results and Discussion 

Water samples , ' ' 
, , C()ncentrations 'of C. perjringens in water samples collected frop123 PQrtsmouth and YOrk 

Harbor stations dUring September 1991 were relatively low (Figure 1; Table 1). Station 21 in 
Spruce Creek andStation 22 in outer York Harbor had the lowest (1 cfu/lOOml) l~vel of 
contamina.tion. Other sites were more contaminated, although levels for each sample ranged from, 
1 to on1y 14 cfu/l00 ml. Station 16 on the Maine side of the PiscataquaRiver near the Rt. 95 
bri4ge being the highest level, with a mean of 12 cfu/l00 ml. ", "'" ' 

'Monthly/qUa!1erly, monitoring of water samples from 6 sites represeJ}~tive of the different 
areas in the two harbors showed monthly and seasonal variations (Table 1). Figure 2 shows the 
levels' of C. perjringe1t$remained relatively low through April, 1992 (except for Station 16 in 
February, 1992) followed,oy evenlowedevels from May to Octo~r,I992at.all stations. Levels 
of C. perjringens were slightly greater in December, 1992, then in~ased dramatically at, all, , 
stations in March, 1993, during snowmelt. The variability between sites was such that no site was 
always either the most or the least contaminated. " ' 

Monthly sa.p1J>les of water collected at the six sites revealed different trends for enterococci 
and fecal coliform levels (FigUres 3&4; Table 2). Enterococci concentrations declined in , 
November to very low levels in March through September, ·1992. No strikingdiffer~nces in , 
contanummtlevels was apparent at the differentstati6ns. 'Fecal colifo:rm levels were relatively low, 
from Ma.y,. 1992 to June,1993,exceptfordUFing snowmelt in March,1993 and station 23 in ' 
June, 1992.' , ,,' , " ",' ,,' , ' 

A vetage indicator'levels were relatively low for, all stations ((able 3). Stations ,15 anc:116 ' 
had the highestlevelofC. iterfringens and the.geometricmeansfor these stations,were higher than 
the means for other stations (Table 3). Station '23, followed by Stations 8, 10IlIld 1 had10wer 
levels of contamination. There were virtually no differences in geometric means for enterococci 
levels between stations (Table 3), with Station 23 having 'the highest(4.3/100 m.1),4lI;ldStation 8 the 
lowest (1.8/100 ml) l~vels., Fecal coliform levels at different stations were also.simil~, with ~he 
highest levels at Station 23 (12.7/l00ml) and:the lowest at Station, 1 (5.7/100ml),St3;tion 15was 
the most or one of the most contamina.ted by:all three indicators. However"the distribution of , 
contamination usingfecal c6liformsandertterococci differed from that indicated by C.perjringens 
levels in that Station 23 had either the highest or the lowest levels for a givenindica,tor. These " 
results for York Harbor suggest that this site is not as pristine as would be expected of a reference 
site. The Gulfwatch program of the Gulf of Maine Council has also had difficulties in finding 
'clean' reference stations for toxic contaminants in blue mussels in Maine, new Hampshire and 
Massa.chusetts (GOMCME, 1994). In comparison to the other areas in the estuary, levels, Qf fecal 
indicators near tHe SHIPYARD were relatively low most of the time. For eXample, theIIl~ 
enterococci concentration atthe mouth· of the SquamscotRiver (low tide) for the same titueperiod 
was 26/100ml and C~petfringens was:32{100ml (Jones andLangan, 19Q4).The geometric" " 
means for ellt~rococci in thesfudyarea waters were 'generally consistentwithsaferecreationalQse 
criteria ,set by Maine and NewFIampshire (geometric mean <35/l00ml). ThegeometriC;imeans for 
fecal colifotmswere 'all lower thah the limit df14 fecalcoliforms/lOOml for approved shellfish­
growing waters, but the frequency of samples greater than 43/l00 mlwas greater than 10% at the 6 
statioris~ Thus, 'th~. wa:te~s were not qUite consistent with all criteria requiTed for approved 
classifica.tion (NSSP, 1992). ".:, ' 

BOx cQre surface Sedimentsam12l<ts ,"" . 
, , ~e! c~~ceritniti~ns:Of f}:perfringens~ surfacesediment~ w~emeas~ed'in,September 

1991 to detenmne the dlstp.blltlortof Co perjnngens/fecalcOntalJl1natlOndeposlted relatlv~ly" 
recently in sedim:en:ts'at 23 sites in the two.haroo'rs(Table4; Figure 5).MPN values for four 
analytical replicates at each site were averaged aritbmatically to compare sites. Some stations 
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showed wide variation in levels 'among the four replicate samples; . Forexample,StatiQn 1 ()values 
rangedfroi~f,$OQ{to 74,400MPN/g, ana Station 6 ranged from 900 to 48,500 MfN/g; Oth~r sit~s : .. 
had mote .c()nsi~,tent replidite analyses. For example;thefour,replicates .at Sqlti.Qn .1;3r4n.gectJronl '.' 
8,00Q t9 1O,400MPN/g.Avep.ge C: per/rirtgenslevelsat the differentsitesJeUin!Q;three g~peraL 
ranges:'The,~;teswith 10wesfcontaIllinatiotfhad<2.000 MEN/g, the.sites'.with,high~st .. ··, .. " ..... 
contaniliiation lW.cl > 1 0,000 MPN/g, 'and the rest of the·, stations hru;l C. perfringe~JevJ~As~t:ween ' 
these riUlges.tW~~itetl1ad 'Co perjriftgenslevelsless ithanl000'MPN/g:'S,~tiop.~ 2~jI!' Y9rlc' ( .'. 
Harbor (650MPN/g)and Station 20 in Spnice Creek (890 MPN/g). ',1'be ne]tt IQwestlevel~ Yiere . 
at Statipn 23 (1650 MPN/g)~ Station 1: (1890 MPN/g) , and,Stationrl4 (20Z0MPN"/g), Sites.",here 
levels w~eialsd lessthan'lO~OOO'MPN/g includedISt;ttion2'.at then,10pth of the,Piscataq\laRl,ver~, 
the 'other Spruc~Creekstation ;(21k2'of the 6 Clark Cove stations, ~3&8.);the,.~Ul!ipn.; iII m~':Back! 
Cove area behind' Pierc~ Is~(Statidnl1), the two Back Channel sites (1:8 ~,l~),Stati()A 160n the, 
Mahie side; of the'1tt.~5:bridge<.rrQssingthe. PiscataquaRiverrand Stations.. \2flPcl13·ar()uq9. ..... . 
Seavey Island~The stattons'wnere e; peifrmgens le~els~exceeded .10,00.0 MPN/gwe~2cS,taq.()n, 9 
nearJ~larl} Island, Station 12 near the dry docks, Statton 15 on theNH slde·oftile,Rt.95,. bridg~, 
Stalidri 11 off Badger Island, stations 4-1 in Clark,; Cove, andStationJO neMtl1~dry.4oclcs.l\aa 
the hignesfav~rllge level (22,500 MP~/g). IIi ('?omparison to'other area~ inthees~~,~~ , 
perjringens leyeIs in surface sediments at the mouths of'the Larltprey andSquamscott riv~~ , , 
consistently exceeded 15,000 MPN/g, while levels in the Oyster River did not exc~ed 3000 MPN/g 
(Jones, unpublished). . " , -~::!~ ' .. , .. -~; 

In general, the highest levels of contamination was apparent at sites away from the channel 
of the Piscataqua River, Le., in York Harbor and, the 'mouth of Spruce Creek, off Gerrish and 
Pierce Islands, and in~4e Back channel behind Pierce Island. All of the stations around Seavey 
IsI@~J3-1Q;J2~ 13,; 18;·t9)!had c. 'Perjrifikenslevelsfl>6000iMPN/g"andinch~dedJhe high~st 
levels obspiVed,tbe'22;5'OO'MPN/g a:fStati6n 10; ;Thusdt appears·th~t1evel&;Qf,fe~ab,. .. " 
. '1ont~~fidn.in:r~cend)ldepositedsurface sediments ar¢ relatively higher at sites, ~~Wld the 
SHIPYARDeompared to dthe:r'Sites:away ftom!Seavey,Island; . ' 

-). . - . -.~ ,. 

~Vibr~9re~c;4Hnent si<\UWlesWj,th'depth . .'. .•.. .' ii' ..' , '. "."c, I' > 

" , . ' .. Sediment c6res frdIll22 of th,e 26 ! sites were oollected during. September; .1991 and, 1992. ' '. ' 
aIid an~:Jyz¢ tor C. perjririgeriS concentrations;. 'MPN val\les .fOr C .perjringensJevel~iin ,different ' 
horizdnsoftl1ecores iwerei avetagedarithmaticallyartdcomparecH>etwe.en ~ptl)s;W(t~tatioP&j' ;' . 
(Ta,bl~5&(j). C.'jj~1ffinginslevelsWith depth :for .the 1991coresareilllustra,ted iIlJ1igure6.The, 
tipperhtyer (;..0:'10 cih) bfthe co'res atalhites contained C. perjring~1lS:i'rangwg {1:otp.; ~(i4;q~NLg 
for the top 0-2 cm at Station 2 to 93,()()() MPN/grof thetop,Q,.5clll at. StatiQnrZ, (1'(lples~~(».C~· 
perjringens could not be detected in some lower sediment lay~rs at stations 11,15..16,20,21,100 
and 101. The highest levels for a given sediment layer were found in deeper. sediment lay~rs at 
Stations 5 (47,500 MPN/g layer B), 10 (36,000 MPN/g layer D), and 15 (34,000 MPN/g layers 
C&D) for the September 1991 samples and Stations 3 (>125,OOO/g layers D&E) and 15 (>100,000 
MPN/g layers E,G&H) for the 1992 samples. Concentrations of C. perfringens decreased with 
depth at 12 stations (1,2,3,6,7,11,14,16,17,19,20,51,100, and 101), suggesting that the highest 
levels of fecal contamination within the sediments sampled are of more recent origin. The three 
stations (4,8, and 12) where levels increased with depth are indicative of fecal contamination being 
greater in the past with more recent, less-contaminated sediment overlying older, more­
contaminatedsediment.\ At two statior(s(5 and 13); levels increased then decreased, indicative of a 
distinct middle layer being more contaminated than more recent and older sediment layers, while 
the opposite was true for Stations 10 and 15. In general, C.perjringens levels tended to be low in 
sediments at sites located away from the river channel. C. perjringens levels in cores from, 
Stations 1, 11, 14, 16,20,21,51, 100 and 101 were low in the top horizon andeither extremely 
low or not detected in lower horizons. This pattern of contamination amongst sites suggests that 
fecal pollution sources have had greatest impact historically on sediments at sites in close proximity 
to the Piscataqua River channel, including sites surrounding Seavey Island. 

CQmParatiye djstributions of fecal contamination and heayy metals 

/ 



" Heavy metal analyses were conducted on many of the same seditp.~nt samples that were 
analyzed for C. perj'ringens. Thus, data were an~yzed to detenlline if there~s ~y indication th~t 
heavy metals of coIicemcould be of fecal origin as eppos¢d to beingfrc;>m Ute SHIPYARD~' The, " 
metal oftnostconcerfi is'lead (MuMs et aI., 1994~'. Foroothcore and ~¢ace se9i,ixlellt~amples" 
there appears to be 'a prevalence oflow,er lead lev(Hs,insamples with relatively l<?w C. peifringe~ 
levels' arldbigher 1~~ levels in samples with relatively high C. p(?rjringe~, levels, (FigQtes7, an4 
8). BecauStfoflhe:·high degree of variability in the C; perfri1J.ge,~ ,anaJ.ysis, av~mg(l~adand C;'" 'i 

perjringens level~ were calculated for samples grOup¢d acco]Qing W ranges <?f inqe:as~ng C., 
perjringe",s levels;', In sediment core and surface ,samples, a clear pa~em o{ iJlcreilsing .lead, ' 
conceQtt~tions' is (apparerlt for samplescontainingiilCreasing l~vel~ of C; perjringells(Figures 9, 
and 10):' Tilis relationsllipwas; riot asclearfor,meroury in both types'of sediIllem;~amp~es (Figutes 
11 arfd'14.).In'core; samples mercwy levels were, not very differentfor san;tples,with C. " , 
perjri!1ge"s conceritrationsfron'l O~20;OOOMPN/g, thenincr~s¢d dramatic~ly in more ,', ' 
contaiTInatea~¢dfnlents. 'For surface sediments, levels'o£n1ercury in,qel:ls~.wiih incieasipg C. 
perjringens concentration. " ' , '",';". " ;, . " "', . " , 

.. Thereappears'io be indications ftom the C. perfringe~ data ,thatsoJPe metals lp,sediments 
at stations aroqndthe SHIPYARDmay'beoffec~,origin. llnfortunately, not all metal datallas 
been, availabl~for review. "Mote detailed, amilysis of sediment data. fot: all.shes \\lith ,grW.n' size, 
metals and C. petj'ringehs: analyses,. when they becotneavailable for review, would. be. needed to 
statistically te,st this assertion. ' ' 

~-

,Summary 

Fecal-bomebaoterial contiuninantS'in water.samplesfu:>m ~hes around;Seavey Islandfr()rU " 
Septembe~' 1991 thrdU,gh June; 1993 were relatively: lowincompaIj.son ;to,Q{!1erareas in th~Great 
Bay Estuary ,'reflecting the absertseofany significantsource~:offr¢sb, sewag~intheVicjnity,' 
Fecal coliform and enterococci levels'were llighest:atnong thestu~y,sites.at Station.~3jij. York 
Harbor, which shows that the site chosen as a reference site is subject toshorHerm'fecal 
contaplipation ~t,somewhat greater levels than in Portsmouth l;larbor.Surfa<res¢i~n~contain~ 
relatively high ~evels ofC.perjrirzgens, especiallyatsites;De~ the SHIl?YARD.,C. P¢r.tringens ' " 
lev~lsih sedimep.t coresvariedwfth depth, and were exttemelyhighin,sQ?ledeep layers.,:,l'llese 
data sugg~stthat the·sedin1ertts at'sites'n~the:SHIPYARD hav~:hi~t()ridil~Y~c!'foIltinue to be , 
areaswh¢resewage-bomecontaniinants'aredeposited.; The trend of,Je~an4,m~cJll'Y' , ' .,~ 
concemratjons ipsedirhentstelative to fecal-bomeC. pco/ingenssuggestthanhe ~eavy metals of , 
most .concemmay be 'associated with, sewage';sources~ " 

, ' 

.<-,;' 
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Table 1. C. perfringens concentrations in water samples collected from sites in 
Portsmouth (#1-21) an<;l York (#22-23) Harbors: September, 1991. 

• - - - ,; "! -, 

Sta.# EPA ID (#) Rep. (#) cfu/100ml ' cfu/lOOml 
mean,Qf2 station ~ 

1. 11012~ , 0.1 9.5 8.5" 

1 , 110122 ' 0.2 7:5 
,- !;~" Ii , 

2 110102 O.i 13.0 11.8 b' 

2 110102 0.2 10.5 

3 nOlO3 0.1 11.5, JO.O 

3 rIOI03 0,2 8.~ 
4 110108 0.1 3.5 6.8 

4 110108 0.2 10.0 

5 HOI04 OJ, ' 11.0 10.5 

5 110104 0;2 ' 10,0" 
6,', 110107 0.1 4.5 3.3 

6 110107 0.2 2.0 

7 110105 0.1 4.5 6.8 

7 110105 0.2 9.0 ' 
" 

8 110106 ' 0.1 .5.5 5.5 

8 110106 0.2 5.5 

9 lio118 0.1 n.5 10.0 

9 Hoil~ 0;2 8.5 

10 110115 0.1 7.5 9.3 

;10 110115 0.2 11.0 

11 11:012;1 0.1' 11.0 8.5 

1,1 110121 0.2 6.0 
'0"\ 

12 110116 0.1 6.0 6.8 

12 110116 0.2 7.5 

13 '110117 " 0.1 7.0 5.5 

13 110Ir? 0.2 t1-~0 
14 110114 0.1 8.0 5.8 

14 110114 0.2 3.5 
15 n01l9 0.1 3.5 5.5 

15 110119 0.2 ' 7.5 

16 110120 0.1 13.5 12.3 

16 110120 0~2' :11.0 " 

17 110)13 0.1 6.5' 6.0 

17' 110113 0:2 5.6 .' 

18 110112 0.1 11.0 10.5 

l~ 110112 0.2 10.0 

19 110111 0.1 6.0 6.3 

19 110111 0:2 ' 6.5' 

20 110110 0.1 7,5 5.0 

20 11Q110 0.2 2.5 

21 110109 0.1 1.0 1.3 

21 110109 0.2 1.5 
22 110100 0.1 0.5 0.8 

22 110100 0.2 1.0 

23 110101 0.1 3.5 3.0 

23 110101 0.2 2.5 



~ 

" 

Table 2. Enterococci and fecal coliform concentrations (per 100 ml) in water samples collected 
from sites near the SHIPYARD in Portsmouth (#1-16; PH) and York (#23) harbors. 

ENTEROCOCCI 
Date Station 1 Station 8 Station 10 Station 15 Station 16 Station 23 Average PH 

Nov, 91 31.0 32.0 61.0 61.0 23.0 46.3 
Dec 32.0 9.0 8.5 26.0 6.0. 18.9 
Jan, 92 7.0 3.0 3.0 21.0 7.0 16.0 8.2 
Feb 12.0 4.0 0.0 0.3 2.0 15.0 3.7 
Mar 0.5 1.0 0.3 3.0 0.0 1.0 1.0 
Apr 2.5 1.3 2.8 1:3 3.3 1.5 2.2 
May 0.3 0.5 0.3 0.0 0.3 0.5 . 0.3 

June 0.5 3.3 3.3 1.5 0.3 9.5 1.8 
July 9.3 
Aug 2.8 1.0 4.3 5.0 4.5 3.5 
Sept 0.0 0.0 1.8 1.0 1.0 2.5 0.8 
Oct 2.5 3.8 58.0 8.3 4.5 15.4 
Dec 1.8 1.0 1.8 0.8 2.0 1.5 
Mar, 93 34.0 39.5 39.5 265.0 256.8 155.0 127.0 
June 2.0 0.0 1.0 2.0 1.8 0.3 1,4 

FECAL COLIFORMS 
Date Station 1 Station 8 Station 10 Station 15 Station 16 Station 23 Average PH 

May, 92 0.8 1.8 7.8 3.0 1.5 8.0 3.0 
June 5.0 . 10.3 7.3 3.3 2.8 187.0 5.7 
July 12.5 
Aug 11.8 15.5 7.8 12.3 11.8 22.8 n.s 
Sept 0.8 10.0 3.5 5.8 ' 15.8 10.5 7.2 
Oct 11.0 8.3 24.0 47.8 34.5 5:0 25.1 
Dec 6.8 1.3 0.3 4.0 2.5 3.0 

Mar, 93 58.3 140.5 144.0 243.3 210.5 39.5 159.3 
June 8.3 7.8 8.4 10.4 8.8 0.8 8.7 



Table 3. Geometric mean C. perfringens, enterococci and fecal colifonn concentrations (per 100 ml) in water samples collected 
from sites near the SHIPYARD in Portsmouth (#1-16; PH) and York (#23) harbors: 1991-1993. 

Indicator, Station 1 Station 8 Station 10 Station 15 Station 16 Station 23 Average PH· 

Clostridium perjringens 7.2 5.9 6.5 10.2 12.5 3.8 9.1 

Enterococci 2.4 1.8 2.5 3.2 2.2 4.3 3.4 

Fecal coliforms 5.7 8.6 7.6 11.6 10.2 12.7 10.5 

~ J 

" 



Table 4. C. perfringens concentrations in surface sediments from sites 
near the Shipyard: September,1991. 

,. 

core # Sample type EPAlI)# Sed s~ple ww DW fractiQn Cp/g DW sed. St.dev. 
19 boxcore 110210 1.00 OA3 6960 10200 
18 boxcore lro211 1.00 0;59 6240 6150 
16 boxcore 110212 1.00 0.74 4170 4860 

. 21 boxcore 110213 1.00 0.61 5140 211Q 
14 boxcore 110214 too 0.73 2020 1090 
15 boxcore 110215 1.00 0,46 11300 15700 
11 boxcore 110216 1.00 0.57 2670 2090 
17 boxcore 110217 1.00 0;6 11100 ,5220 
12 boxcore 110218 1.00 0.69 9400 10600 
13 boxcore 110219 1.00 0.35 "9400 1030 
10 boxcore 110.220 1.00 0.4 22500 34800 

lboxcore 110221 1.00 0.68 1890 500 
4 boxcore llQ222 1.00 0;34 12600 4030 

20 boxcore 110223 1.00 Q.72 890 1080 
6 boxcore 110224 1.00 '0;33 14900 22500 
8 boxcore, 110225 1.00 0.38 6590 1520 
7 boxcore 110226 1.00 0.34 12200 11400 

23 boxcore 110227 1.00 0.78 1650 330 
22 boxcore lf0228 1.00 ,0.62 650 180 

9 boxcore 110229 1.00 0.53 11100 ,5610 
2 boxcore 110230 1.00 0.39 9870 3920 
3 boxcore 110231 1,00 0.49 8330 7020 " 
5 boxcore 110232 1.00 0.29 15200 11600 



TableS. C. J)erfringens concentrations at different depths in sediment cores from sites near the Shipyard: 1991. 
core # EPA ID# REP Horizon depth (em) Ave. MPN/g WW Sed. samp. WW DW frllction Cp/g~W sed: 

1 110001 A 0-10 3000 1.00 0.73 4100 

110001 B 10-20. 800 1.00 0.71 1100 

2 110002 . A 0-8 9000 1.00 0.44 20000 
110002, B 30-38 7<XlO . 1.00 0.59, 12000 

110002, C 
3 110003 A 

110003 B 
4 110004 ·A 

110004 B 
5 110005 A 

1UX)(i5 B 

110005 C 
6 110006 A' 

110006 B 
7 110007 A 

110007. B 
110001 C 

8 110008 A 
110008 B 

10 110010 A 
110010 B 
110010 C 
110010 D 
110010 E 

11 110011 A 

110011 B 
110011 C 

. 12 lUxi12 'A 
110012 B 
110012 C 

13 110013 A 
110013 B 

110013 C 
14 110014 A 

110014 B 
110014 C 

15 . 110015 A 

110015 B 

110015 C 
110015 D 

16 110016 A 
110016 B 
110016 C 
110016 D 

17 110017 A 
110017 B 
110017 C 

19 110019 A 
110019 B 
110019 C 

20 110020 A 
110020 B 
110020 C 

.21 110021 A 
110021 B 
110021 C 

110021 D 

\.. 

70-78 

0-8 

8-16. 

0-10 
10-20. 
0-10 

10-20. 

20-30 

0-7 
20-27 

0-8 

25-33 

42-50 

0-8 

16-24 

0-8 
30-38 

60-68 

90-98 

132-138 

0-8 
, 20-28 

50-58 
0-8 

, 10-18. 

20-28 
0-8 

20-28 

40-48 

0-8 

20-28 

40-48 

0-8 

30-38 

60-68 

100-108 

0-8 

20-28 

50-58 
100-108 

0-8 

30-38 

70-78 

0-8 

20-28 
50-58 

0-8 

20-28 

50-58 

0-8 
20-28 . 

50-58 

85-92 

550 
10500 

7~ 
5000. 

10500 
9500 

17000 

7000 
6000 

162 

9000 

7000 

650 

4000 

6000 

7000 

9000 
3000 

17000 
10500 

12500 

1.9 
1.8 

3000 

4900 
11500 
2580 

12500 

23.5 

1400 

270 

36.5 

7000 

1.8 

16000 

17000 

2350 

4000 

3 
1.8 

17000 

5000 

1400 

7000 

9200 
1500 

1200 

19 

1.8 

2600 

1000 

40 
1.8 

1.00 

1.00 
1.00 

1.00 
1.00 
1.00 

1.00 ' 

1.00 

1.00 
1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

·1.00 
1.00 

1.00 
'1.00 

1.00 
1.00 

1.00 
1.00 

1.00 
1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

LOO 
1.00 

1.00 

1.00 
1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

0.S5 
0.59 
0.54 

0.37 

0.39 
0.37 

0.4 

0.37 

0.41 
0.77 

0.36 

0.5 

0.77 
0.41 

0.42 

0.5 

0.48 

0.47 

0.47 

0.58 

0.66 

0.75 

0.74 

0.64 

0.63 

0.54 
0.6 

0.55 

0.79 
0.71 

0.6 

0.68 

0.6 

0.52 

0.47 

0.48 

0.75 

0.73 

0.61 

0.56 

0.58 

0.49 

0.51 

0.51 

0.49 
0.51 

0.65 

0.67 

0.75 

0.59 

0.64 

0.61 

0.65 

1000 
17800 . 

13000 

13500 

26900 

25700 
42500 

18900 

14600 
210 

25000 

14000 

840 

98()() 
14300 

14000 
18700 

6400 

36000 

18000 

18~00 

3 
2 

.4700 

7780 

21600 
4300 

22700 

30 

1980 

450 

50 

11700 

3 
34000 

35400 

3100 

5500 

5 
3 

29300 

10200 

2750 

13700 

18800 

2900 
1850 

30 

2 
4400 

1560 

70 

3 



Table 6. C. perfringens concentrations at different depths in sediment cores 
from sites near theSbipyard:1992. 

h Core # EPAID# REP . Depth (cm) Ave.MPNtg Sed. sample WW DW fraction cptg DW sediment 

\1 
PH2 111952 C 0-2 700 1.07 0.42 1640 

111952 D 32-34 . 1700 1.06 0.72 2100 
111952 B ,·68-70 170 050 0.68 250 

PH3 111953 C 0~2 20500 '.1.12 0.41 45000 
111953 I? 10 '. 70000 

"', --& 
1.03 ·0,42 162000 

111953 E 35 43500 0.90 . 0.39 125000 

PH7 111957 C 0.2 32500 1.07 0.39 77000 
111957 D 10 5009 1.01 0.36 14000 
111957 E 40,. 250 1.02 O.SO 310 

PNS 15 111965 C 0.5 59900 1.05 0.59 93800 
'-'.' 

155()() .. 111965 D "10 .. 1.07 0.51 28700 
111965 E 30 160000 1.02 0.49 323000 
111965 F 40 11500 1.03 0.45 25000 
111965 G 60 ;160000 1.07 0.51 292000 
111965 H 90 59000 1.04 0.53 107000 

PNS 17 111967 C 7 25550 1.01 0.53 47800 
111967 D 20-23 ' 2700.' 1.05 0.51 5000 
111967 E 38~40 3000 1.08 '0.54 5100 
111967 F 50-52 .6QOO . 1.,03 0.58., 10100 

··PH 19 111969 C 0.2 3150 1.00 0.52 6000 
111969 D 10 ·.··16000 1.02 0.53 11000 
111969 E 40 1285 1.02. 0.42 3000 

PNS51 111951 C . 0'-2 6350 1.01 0.57 11100 
111951 D 10 260 1:02 . 0.60 420 
111951 .E 30 10 1.01 0.66 15 

PH 100 111980 B 1.03 0.58 6100 
111980 C 1.02 OA(j' 460 
111980 D 60 0.49 0 

PH 101 111981 C 0.2. 200 1.02 0.51 1750 
111981 

,I,,, ·····500 D 10 L03 0.56 880 
111981 E 35 0 1.06 0.72 0 
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Figure 1. C. perfringens concentrations in water samples from Portsmouth Harbor (#1-21) and 
York Harbor (#22-23): September, 1991. 
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Figure 2. Monthly concentrations of C perfringens in water at different sites in Portsmouth (#1· 
16) and York (#23) Harbors: 9/91·6/93 
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Figure 3. Monthly concentrations of enterococci il!water at different sites in Portsmouth (#1-16) 
and York (#23) Harbors: 11191-6/93 
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Figure 4. Monthly concentrations offecal~olif()rpt~.in water at different sites in Portsmouth (#1-
16) and York-(#23) Harbors: 5/92-6/93 . 
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Figure S. C. perfringens concentrations in surface sediments from Portsmouth (#1-21) and York 
. (#22-23) HarbOrs: September, 1991. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

STATION NUMBER 

'~ 



, , ...... :;.~. 

'.r.' I: 
Q) 

E 
"'0 
Q) 
f.I) 

e.o 
l-
Q) 

0.. 

Z 
~ 

~ 

Figure 6. C. per/ringens concentrations at different depths (A-E) in sediment 
cores from Portsmouth Harbor: September, 1991. 
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Figure 7. Concentrations of C. perfringens and lead in sediment core samples from sites in 
Portsmouth and York harbors: 1991. 
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Figure 9. Average lead concentrations in sediment core samples from Portsmouth and York 
. harbors conta~ning different ranges of C. perfringens concentrations: 1991. , 
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Figure 10. Average mercury concentrations in.sed.iment core samples from Portsmouth and York 
harbors containing different ranges of C. perfringens concentrations: 1991. 
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Figure 11. Average lead ~oncen~rations in surface grab sediment samples from Portsmouth and 
York harbors containing different ranges of C. perfringens concentrations: 1991. 
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Figure 12. Average mercury concentrations in surface grab sediment samples from Portsmouth 
and York harbors containing different ranges of C. perfringens concentrations: 1991. 
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