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Variations in mtrient levels in the discharge famd to coincide w i t h  
agriculhmil activities as w e l l  as with hydrological events w i t h  significantly 
greater amentratims of M pbqhams beiq  mi* wam 
than a ~ ~ ~ p a r a t i v e  fresh water -. Trace amamts of W pesticide, 
chlorpyrifos and the m i c i d e ,  glyphocsate were manmmd in sedknts w i t h i n  
the bog dhcbaqe stream well after the reqarbd last applicatim. 'Ihe 
relative abundances of macroinvertebrateE; w i t h i n  W detsitdl shredding 
m m u n j t y ~ r e d u c e d w i t h i n ~ a r t l e t ~ b e l o w t h e b o g .  
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the latter part of the 19th an3 early 20th Oentxrries aarsiderable 
portions of the Buzzards Bay basinfs wethudst bogs and 
b a n d e r i r q ~ t e d ~ ~ a l t e r m 3 ~ ~ t o t h e ~ i a l  
pmhction of cranbrries. Using SCS estimates of related soil 
types in the basin, rarcgily U peruent of the estimated 21,195 ha (52371 
acres) of wetlands have been converted to commercial cranberry 
producti091. Most of the oanrersion has oacurred in the northeastern 
portion of the basin. Pie ability to mdguhte  large volmes of water on 
relatively short natioe has bemm an iaportant eomadc advantage to 
cmnbeny bog operators. These larpely -ve may be 
used to distri)xrte fertilizers, to aartrol certain pests during the 
harvesting period and to protect the vines during the winter from 
desiccation and freezing. 

In a reoent survey of water usage w i t h i n  the inibrstry, (SCS, mpblished 
report 1986), the Cape Ood Qanbemy Associati091 in coopration 
with the USW, .Soil amsematian Servioe and U.S. Geological Survey 
(USGS), reportad that wer 76 peraent of the acres sumeyed were wet 
harvested ard 97 percent of the bogs had same form of sprinkler system. 
&sthates place the curmnt average at 454 cu.m/ha (300,000 
-/acre of bog/-) (SCS, 1986) . 
These agricultural practioes have largely supplanted the meteorological 
ard hydrological events as the primary factors in . . &en W 
altered wetland functiors as a rrutrient sink or exporter. 

m e n b  have been awkJn to have ncycles88 or turnover rates 
which can be nmsured in mirutea to days ram Wtn nmths or years 
(Hamisan and Hubie, 1974). FUrther ,  the rwemal of mxtrieSrt release and 
retmtion patterns w i t h i n  wetlands has also been lshrwr to be subject to 
rapid (Baradate ard Alexamkr, 1975; Gardiner, 1975). W e  such 
episodic events may be relatively short lived t h q  oaild aontrikzte - voluues of rrutrient Uden water to the estuary cnrer the 
lq-term. 

1.2 Wzards Bav Estuarine st&y 

In 1984, Buzzards Bay was m e  of faxr estuaries in the cumtzy chosen to 
be part of the National Estuary Program. The Buzzards Bay Project was 
initiated in 1985 to protect water quality and the health of living 
resources in the bay by identifying resource problems, 
investigatirq the cause of these problems arYl mmmaxhq actions to 



Ihe Divish of Water Pollution Cbcrtrpl prupomd, as part of a rmch larger 
effort for Bwzards Bay, a study to examine several of the 
inpacb attriWbd to cranbesry atinring: intrcductiur~ of 

nutrients to the bay thereby contributing t o  eutrophicatim, the 
contamination of sediments with residual levels of pesticides and 
herbicides, and dqklatim of natural poplatiom of macminvertebrates 
&e to cmnbrq ailturing pmctioes. 

1.3 mzards Bay 

Buzzards Bay is a prvoinent axistal embayment on the Nencr Errgland mast 
n e s t l e d b e t w e m c a p e O o d a n d t h e s r u t h e r n ~ m a i n l a n d .  Ihe 
mtaxth of the Bay apeus #xrth into Rho& Island Sand. On its western 
shore, the dndnage basin is fomd by seven aoastal rivers basins with a 
total drainage area of appmximately 906.5 sq. Ian. (350 square miles). On 
its easterly sbre fraa the Crape Ood Canal to Wmds Hole, F2hwU-1 small 
rivers d stmms prnvi.de an aiklitiara7 90.6 sq. )an. (35 square miles) of 
ddnage ama (Figure 1). 

Geologically, the Buzzards Bay Basin is characterized as 
being a low granitic upland with glacial till and akwash deposits 
forming W soils. The terrain can be described as low and gently 
rolling with - lakes and mrsbs. 

Ihe glacial events a& f d a t e d  surfaoe apcylfiits in the northeast 
quadrant of the bay a m  described by Moog; Ihesis, 1987). 
The irregular xetmat of the Razzards Bay ioe lobes resulted in the 
formtian of mxaines at Hog Rack and Ellisville and an interlobate 
artwash plain, the Warpham pitted plain. 'Ibis plain slcps sxUward 
fmmthesatthernquartierofthePlymjuth8ndxananetguadranglesto 
the mrthern part of the Orrset atld Marion Quadmnqles. Buried ioe 
blocks, later rmelw to form collapsed - areas with kames, 
kettles and ice oartact slops to the emapsulated -. 
Post glacia l  modifications incl- stream dbsection, alluvial 
deposition, and the fcmmtion of PParshes, bogs, and skkilllp deposits in 
thekettlesandatherlowlyingareas.  

The climate of Massadxmetts is dxmcter ized by mderately warm 
smmers, mderately cold Winters, rmple year KUYXI rainfall (rarrging 



I . FIGURE 1 BUZZARDS BAY COASTAL DRAINAGE AREAS ( 95 ) 
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Soils within the s h d y  area - best described as being w i t h i n  the 
Cawer-Peat association for Pl- Oarnty (Upham et dl., 1969) . 
?his soil graq? is xxportsd to occupy mnqhly 15% of Plymouth Gsmty 
arrl a larger peroerrtage w i t h i n  --central portion of the 
canrty. It -ists of a large, nearly level, sardy outwash plain 
that is pitted w i t h  kettle holes & dissected by flowing 
streams. In most places elevatim is less than 30 m. (100 
feet). Carver soils oocur~y abart 70 perPent of this association ard 
peat abaut 10 percent. Ihe Carver soils 0ap.r;ist of dmughty oaarse 
sands that ion& i n  deep deposits of Mnd, on the marly lwel plain 
and alory steep sides of kettle holes arxl stream channels. mt 
occursonthebuttauof drainagemysaniinsaneofthedeeper 
kettle holes. The drwghty gravelly Hinckley soils ard the sandy 
G1a;loester soils nake up the b a l m  of soils. The upland 
portians are cuvered w y  w i t h  pitch pine and scrub oak 
Wpodlands. 

Wetlads are generally crrolsi&n=d to oaarpy an early seral stage in 
vegetatian amcession fxun an aquatic to termstrial envirrnment 
(Ocarm, 1971). mite &cmmted cases of stability, most 
Tmuads tenl to be short-liW. !tte general dhlction of lietiland 
-ian being to a reduzkim i n  water l e v e l  and to a drier state. 
Natural ctrarrges in water level on be -t abaxt by autogmeic 
processes i . e . ,  the raisirq of the W a n d  surf- due to the 
aoamulatian of litter deptsitim by external causes such as 
siltation from flawing waters. Qrarqes in water levels  can also be 
brought about by an-c as, drawdams or 
damby. lhese cfianges can be expectd to either accelerate or 
retard the transformatian to upland as wll as cycling of nutrients 

wletlands. 

a describes three stages to rnrtrient cyclirq in wle t l an l s :  
a high flow-thm.qh system relative to storage (nutrient cycles are 
daninated by in0zy.n.i~ fonrs); suaoessicm grogress as more nutrients 



beate  tied up in bianass and debdtial matter; a law fl~w-thnxqh 
system where large anmmts of rutsiglts are shmd relative to bpts 
and exports. 

Ih. role of wetlards as d e  rutrient or as sinks has 
been dkcwsed by a namber of (fhmsan rud Habie, 1974; 
Gardiner, 1975; Williams, 1985; Wolaver and Spurrier, 1988). 
Mrtrient release an2 m k m t k m  patterm w i t h i n  wklmb have been 
shown to be subject to rapid changes (Barsdate and Alewnder, 1975; 

1975). Ihe rate of change on be Bleasured in ' to 
11om &tiam, in taq#rate clh-tend 

t o s e w e a s n u t r i e n t ~ c h n i r r g t h e a o l d e r n m t h s ~ s u r f a a e  
water and grand water levels a m  high and assimilntim by plants and 
minoarganisaS is law. Rtr- the - the wite caditions 
gemrally hold true and wethuds teml to retain mtrients. 

A s  previously described, most of W -th8s cranberry bogs 
w e r e  amstructed w i t h i n  existing freshwater wetlards and bogs. The 
natural vegetation w i t h i n  these habitats mrps  from sites daninated 
b y - t o - a n d g r a s s e s ~ ~ - .  -bogs 
as  wetlands could be described using the ternrs formalized by 
(Cawardin et al., 1979) as oocu~yirq a r e ~ ~ s  where W water table is 
a t  or close to the surfaoe for 1- periods during the year, as 
wetlands subject to periodic h r d a t i m ,  seasolnal freezing and 
the vegetation is rooted versus fluatirq. 

1.3.5 Wetland Soils 

Sediment i n  rooted wetlands plays a major role i n  nutrient cyc1b-g 
villi-, 1985). The soil  in comaercial cranberry bogs is described 
as "sarxkl wfrich cmsists of nu&, peat, and very poorly 
drained dneml soils overlaid by coarse sand (UFham et al., 1969). 
Soils such as peat and mack are classified as H i s b 6 o i l . s  (soils wh ich  
f o n d  in aoamulations of e c  matter) (U#zm et al., 1969). 

Feat is an organic soil carrsisting of partially deoanposed organic 
-ins which ammrllate in water or under wet amditions. The wiiter 
and organic content of this soil type has been f a r d  to vary 
considerably with depth and locatim. Cerwardin (1984) reported 
findings by Whim and Shpcm (1975) of a range in organic m a t t e r  
in themarshso i l sa langthe t ida l~ terport imof  theDelaware 
River of 14 percent to 40 pement (dry weight), W e  Bawden (1982) 
fanrl a r amp  of 50 to 75 pesoent in the narth River marsh of 
m d m s e t t s .  Brady (1984) in his book Tlhe Nature and Properties 
of Soil" reported that organic matter in bogs ranged beewen 59.7 and 
94.2 percent (d.w. ) with corresponding respective ranges for 
nitrogen, phosphoric acid P20 and potassium $0, of 1.20 - 
3.53 m, 0.10 - 0.43, and 0.d - 0.28. 
1.3.6 Nutrient in Wetlard Soils 

The five principal smmes of inorganic nitrogen to the bog are fram 
surface waters flowing thmugh the bog, grand water, nitrogen 
fixation, decomposition of plant tissue ard the mlicat ion of 
fertilizers containing nitrugen. Decaying materials are a relatively 



%'he availability of ino-c g h q b r u s  is largely determined by the 
pH of the soil, the preseme of soluble farms of hunt manganese and 
aluminum, available calcium am3 calcium mimmls, the anrxnrt of 
organic matter and the activities of mi- (Brady, 1984). 
Ihe f i r s t  f a  factom are irbrrelaated sime soil pH drastically 
influemes the reactim of plmqbms  w i t h  - minerals. lhus 
uder the acidic OOnditicms of the bog, available w x u s  is 
readily @*fixed1* in very complex and insoluble salts of iron, 
manganese, etc. Richardson and Marshall (1986) exemined the 
pmozses #ntrolling the mclvement, stomge, and export of phoqhonls 
in a fen peatland. They sugged that soil adsorption and peat 
amrmhatim ookltrol lcng-term ghuqbms sequestsatim. EjCkJWer, 
microoryanisms ard aaall sdaents aatltsP1 initial rates, 
especially durbq law lxrtrient ~ t i o c l s  and water. 
Rmqhonas levels have been fand in  bog soils a t  levels of 36 to 85 
ppn (Deube;rt, 1974). R.loSi-jloms has also been awkln to migrate 
~ ~ s o i l s .  A t p H l ~ c n r e r 5 ~ b e a x ~ ~ 1 ~ r e  
soluble and is ma% available to hi* plants. 

?he availability of potassiun, the third mjor lnrtrierrt is influamed 
by W natum of the soils oolloids, w e t t h q  and drying, freezing and 
thawing and the presenoe of lime (m, 1984). In most peaty soils 
patassiun is oanparatively law am3 held in -1e fornrs w i t h i n  
the organic mlloids. In additim, available potassium is readily 
lost fmm lAe soil thrargh 1-. Raty mils are also deficient 
in trace el- particularly t&en W is an active mmml 
pmcess i.e., harvestirrg. 

In 1840, Justus Liebeg &elaped an hypothesis based an his study of 
varicllls factors effecting the ~ZWUI of plants a& my be stated as 
follcrws: the total mnxrnt of grarth in a papilaem is l i m i t e d  by 
that essentidl graJVl factor present in least supply. A _4nmry3 
hypothesis by V.E. Shelford in  1913 (Odum, 1971) developed the 
mmept of the limiting effect of maximrm as Wl as mininamr wfiich 
has been irwrporated into the nlaw of tolmaneg*. The l a w  states 



that an animal8 plarrt, or p9xllationts rrrvrrvw w i l l  be dqeaknt  upon 
its ability blerate a given -(s). 

BE term eattmphicatim is used to &e&be a 0 ~ q ) I . e ~  immasd rate 
of supply of plant l w t r i e b  thmqh the #ter ODlrrm ( V a l l m ,  
1974). Under unaltemd a m x l i w  it is generally a slaw mmdrg 
p 1 0 0 e ~ ~ d t i n g i n a c f r a n g e h a l v r p e d d e p t h o f t h a t b d t y o f  
mter. When induoed by man it is a aapmxtively rapid pmw= 

abcut by an hxmae in l3e rste of -1y of rrrtrients 
(Flener et a l .  , 1982) . The ex0868ive of dissolved 
nrtsrients pniaParily in tha foam of argmic carbon, @m@mms and 
nitmgen bas rn rshaJn to tmlacc 1- anoeatratiorrs of dissolved 

ard bloerms of bl- a lge  hi eystems (meaner et 
dL., 1983) (F* 2). M d i .  enriQIlrse af rrttsient e n r i m  
w i m t h e Q l e s q p e r l L k e B a y B a s i n w a s ~ & r m ~ ~ a n t h l E ?  
alee extxrsive beds of qu!&k (SAV's) . Rxring 
the period fmn 1965 to the lnany of the beds have avlwn a 
significant decline in ab&ume (Fleper et al., 1983) . The likely 
explanation for this dsclirre appears to be related to an &sewed 
i m m a s e i n m t r i e n t l e v e l s a n 3 a ~ d e m w s e i n t h e  
ammt of light penetration in the water column. 'Ihey -tly 
block the ability of SAVos to pmperly phcrt;osynthesize. 

T h e  n of the rutrients varies w i t h  location and mture of the 
aquatic system. Within the Potoanac River point sources are 
inplicated as the principal rrrtrient sarroes W e  r m p i n t  savces 

as agricultural m f f  frrlm the Susplaharrna River drainage basin 
have been identified as the rhniMnt saxme in the u~ger reaches, 
(Flemer, et al., 1983). A study cn arbqhication and nutrient 
inplts to coastal lagoons in Rho& Island (Lee and Olsen, 1985) 
identified suburban &velopmt w i t h i n  the aoastal zone as the 
p r h i p a l  #xrroes of nitrogen to the aoastal lagoons. Nitrogen 
primarily in the form of nitrates fran w c  q s b a s  and garden 
fertilizers is thaqht  to be entesirg the grm;md mter d h c h q e  
resulting in the pmfusion of -c gmkh. akey also noted 
sane significant changes i n  the patterrYs of eubqhicatim exhibi- 
in these shallow poorly fltlshed s a l t  pan%. Overlying waters m 
farnd to be clear, had Watively law -tias of nutrients and 
did not support large pallati- of plankton. 'Ihe evidence for 
eutmphication was establ- by the pmseme of dense mats of green 
dw rn f P . 8  znbmmzb s p . 8  GDdl.&a sp.1 the 
differerraes a m  attr;lkrtable b sballanmess of the lagoons and 
l2dr salinity, 

BE role of the estuaries and the ooastdl embaynrents as nutrient 
importers o r  exporters is ~ p q l  a TIPlPber of factors: 
salinity, redaK cfiaracteristiics of a sedhmts, of abaxe 
of upland sames, tidal irput the magni- ard stability of 
rartrient flux (OdLPn, 1984). mbarbs and embaymerrts are 
usually highly Prpchrctive areas as evidenmd by the ahnrbme of 
homographic growth, bmt3dc mi- and #ybplankton (Odum, 
1971). Cuastal wetlands geremlly act as sinks for nutrients dur- 
the growing season and as during the fa l l  and win te r .  
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N i t s o g e n i s a s ~ l m p l a n t M d a ~ g r a J U l h t h e h  
ezwimmnent as it is in aquatic systems. Nitrugen exists in the 
m as el- nitmgen and mm aammly in organic or inorganic 
fornrs in particulate or dianalwd @mees. Physical and biological 
cxmpmmb w i t h i n  ooerurs sl& as - sdnmts ,  the flom and fauna 
recycle the nitrogen introdluaed irrtio t b  eystsm. Ihe zdat ive  
QQlOentra t i~~ l so f~ fos s landphasevar i e swi th~ t imeofy l ear  
and degree of biological activity. In temprate climates the 
concent ra t ions  ,of t h e  inorganic  forns, n i t r a t e  ( ~ 0 ~ ~ )  and 
d u m  ion (MIq ) a m  typically higbr in the win;ter and 
declines as water tearperatum and biological activity immases. 

Within aquatic regimes, pbqbrus is w y  rrrr#ltnil as the 
limiting factor to net <uvanic cartxrn Eapduction in &&net* while 
in the marine mviroganent nitrogen agpars to be most often the 
limitirrg factor to specific grarth rates of natural papilati- of 

grwwn in cultums (Smith, 1984). Smith, hawever, sees 
an inherent prablem w i t h  these determinations since they masux= 
factors which effect the graJUl rate of irrdividual popllations and 
nut the net limiting factors of the entire -. '*me evolution 
of optimal ratios for -1- gruwth may not be able to occw 
in estuaries due to their short resideme times and drmiMtion by 
physical prooesses. Nitrogen fixed from the a- or  retuned 
f r o m t h e  sediments is swept into the QPM oomn so rapidly that it 
cannot accumulate t o  the degree wh ich  is ramrn in  freshwater 
lakes. l1 The implications is t h a t  the ndiscrepancyll between 
phosphoms limitation in  lakes atld nitrogen limitation in the ooastal 
marine environment lies with the difference between relative rates of 
biochemical reactions of nitrogen and w a t e r  exchange in the 
env-t. Water exchaqe may be fast relative to internal fluxes 
in coastal marine ecoq&am 

In the absence of direct data, nitmgen limitation is inferred i m u  
the deviation of NBIP camentration of loadirrg ratios fmn the 
ocmposition of primary praduoers in the s y s k a  (Smith, 1984). The 
accepted r a t i o  of N:P which supports the gruwth of algae is 
considered t o  be 16:l ( the Redfield r a t i o ) .  Dominance by 
nitrugen-fixing organislrs in lakes w i t h  low N:P ratios has been w e l l  
doamrented (schbxiler, 1977; V.H. Smith, 1983) these obsemati- 
suggest that nitrogen fixation heme nitmgen iwailability in the 
m i n e  enrirowrent can be high h t  at it can be regulated by the 
availability of m r u s .  Work w i t h i n  the Qlesapeake Bay 
that controls -lanktan bianass i n  the tidal-fresh 
reaches ard lcw 1- salinity m the year U e  nitrugen 
-1s @ytcplankton bimass chrring the ammer and i n  areas of 
h i m  salinity ( M e  et al., 1983) . 
Buzzards Bay is a relatively shallow esbayment w i t h  an -'?y t o t a l  mean inflow of freshwater of only 15.4 +/- 3.9 m 
(Signell, 1987). 'Ihe danhant sguroe of ibshwbr to the bay is 
fram stream flclw Lxtt this is heavily influmoed by precipitation ard 
evaporation. A canparison of the ratios of basin volume to inflow 
&mws that  the influence of freshwater is low (Signell, 1987). Given 
the relatively low hpts of freshater Buzzards Bay and hence irrpTt 
sources of nitrugen, Buzzards Bay is likely to be nitrogen limiting. 



1- in Buzzards Bay - faad to be aapmtively high 
to - estuaries (wardl et al., 1988). Principal 
sanoes identified Mudad  treatment plant effluents and mht 
source cii- frrrm agricultural lands am3 uxbn m f f .  A 
w i e l d  ratio of 4.8 is citsd a s erddmoe of n i m  bebg the 
limitirq rutrient in the bay. 

The evidence for eutrophication within Buzzards Bay an3 mom 
specifically Buttermilk Bay are reports of algae bloams, fish kills 
an3 mdwtims in eelgrass beds - (Valiela and 
draft reprt 1987). Actual -tion of such events is sparse. 
A two year wuvey of water quality cuxlitiiars t 3 x a q b A  the basin 
discloeed no in&ames of anoxic &tims ( G i l ,  1986) . Declines in 
eelgrass frun the deepest portions of Buttermilk Bay and in sane of 
the poorly flushed coves is attrikrtaa to nutrient loading or 
increased turbidity (Oosta, 1988). with the highest nutrient 
oarcentrations are reported to m a t e  w i t h  the abeeme of eelgrass 
(-, 1988). 

The cmmmealth8s cranberry producticm is ooaoentrated in a bmad 
of glacial artwash -its located in the low-lyiq caastal 

sections of Norfolk, Plymouth, Barnstable, and l 3 . b ~  canrties 
border* Wlzzaxds Bay and Cape Qd Bay. More than 55 pemmt, or 
2671 of the tatal 4856 hechms (6600 of the total 12,000 acres), can 
be found within the Buzzards Bay drainage basin (personal 
ammmication 3. Wesolo6,ki SCS, 1986), (Figure 2). bogs 
w i t h i n  the Buzzard Bay drainagie basin have gezlerally been am&xt& 
within existing freshwater wetlands and bogs (Artman, 1930; 
Ooclperative E%ter?sian Servioe, 1982). Golet ard IarserPl (1974) in 
their wClassification of Freshwater Wetlands in lAe Glaciam 
N 0 r t h e a s t " ~ r t t h a t m a n c r e a t e d ~ b o g ~ i r s i n f o r m e r  
trloodedandslhrubswamps. 

over the decades the adjaaent tra-es Mes?e gradually darmmed, 
a l t e r e d o r o o n v e r t e d t o ~ i r s t o m e e t t t m = n e e d S ~ f t h e ~ .  
In 1925, 5261 ha (13,900 acms) were r q o x b d  production 
(Artzaan, 1930). 

Ownership hgan to shift i n b  the hands of a few large individual 
holders ard wrpc~ratiaas. Assessnents made during this tinre reprted 
nearly 2100 individual awners w i t h  marly one-half of the total 



acmagearrlapol?ethan50pemmtoft3mtcrtdl~cuwntmtedin 
the h a ,  of a xelatively muall rrat#r of indi- aa ooxporati- 
(Artman, 1930). By 1930, expamion of t2m acmqe was held 
inctreckbythemquhamWof~aapitalart lcryr, fordevelopixq 
the bogs, laud clearing, d inetallatiar of q u i p m a t  far flooding. 

hxrhq the past -five ymms the yield per acre h s  shaJn a 
substantial increase. Production levels hammed from 41 
barrels/- in 1950, to 64.5 biazmls in 1965, to an e t e d  148.5 
in 1984 (N.E.C.R.S., l985). C2xmmely the axmt of land 
~ m h a s d e d L i n e d 2 5 ~ ~ a ~ o f 6 0 7 1 h a i n 1 9 5 0 t o  
4533 ha in 1984 (15,000 acms to 11,2000) (Figure 3) . Immased 
m v i t y  can be attributed to .syleral factars: the use 
of sprinkler system, a &ift to barve~t, iqauwd mark&hq, 
use of pesti&@/he&id& -Is, ami the use of fertilizers. 

Typically ammrcial c m u b n y  bogs are pmpxd by first clearirq 
the surfaoe of it's surf- vegetatim. Next a layer of sand is 
applied to sene as the rPating nwliurn for the new cranberry vines. 
Suooeeding years of gmwth are then laid dajn over alternatirq layers 
of sard and partially decaped organic matter (primarily cranberry 
leaf litter). Sand is applied every two or Vm?e years to rejwenate 
the plants and as a pest oartrol mwqenmt practice (Deslbert, 1982; 
Demoranville, 1982). Cranberry soils have been described by 
(-, 1982) as an artificial soil arbmuq . . a mlatively law 
perrwrtage of organic matter. He f& that the mil oantent fxxn 12 
Massachusetts cranbemy bog mil (2m)  cmsisted of 92 (86-94) 
perOent e, 6.6 (1.1 - 8.4) sfit and clay, eud 2.6 (0.9 - 
5.17) peKwrt organic matter. An earlier estimate by (1974) 
reported the peroerrtage of organic matter at 10 percent. 

'Ihe typical depth of the grcrwing nvdia (sard) as by several 
sbds crxlsiderable variaticm, (Deubert, 1982) reports the 

average m of 230 mil samples was 3.8 - 5 cm (1.5 - 2 in.), while 
(Uphmn, 1969) reporb an (12 h.) of ooarse Mnd as the typical 
m. The diff- are inportant sinae in shall- sand the role 
of the organic layer and the which transform nutrients 
wmld be e x p c b d  tO danirrate while in a deeper sand layer the 
physical waiid be drmirvmt. 

Characterizirq nrtrient oawntxati- in a crar3#sry bog M on 
the sand gm&y mnaia yields law results shoe the sand is largely 
ocmpoE;ed of relatively inert oomse myshlline feldqar quartz. 
a K h i @ a c i d i t y a r r d a o a r s e m ~ o f ~ d i n a ~ s a n d f m ~ ~  
lea- ard dckJrrward migratim a;lt of the sand layer and into the 
organic layer. The r e l a t i e  of the cmp d .this -1yb-q 
reservoir of nutrients is nut W established. In a stu& of the 
crab-c m u  Bog (Qlqpnan d Hamrd, 1981) mported an 
upJard grzdient of ammrnilrm ~ t i c x l s  in the subsuIfaoe waters. 

also reported findings by athers of pr#resses whi& recycle 
nutrients ' to upper portians of the SFhagrarm peat. Williams 
(1985) states "that in any habitat, a total pool of nutrients is 
present in a m&er of foms, same of which aze unavailable. In a 



FIGURE 3 ANNUAL PRODUCTION OF CRANBERRIES 
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s t e a Z t y 8 t a t e w h e n r u t r i e n t ~ = ~ ,  ~ u h e n p l a n t ~ =  
aPoatality, i f  the lutrient irprts &pn artside Um system a m  
less than OQlwmpticm rates amilahle pool..." In a crarJ#rry 
bog w i t h  nultiple airplicatiam of m y  available mtrients the 

by which  t3m plants umld draw on to assimila- less 
available forms of esmathl mtrhb are likely to be 
utilized. 

Ihe role of fertilizess: in the develops& of agriculture can be 
tsaaed back t o  th earliest recon% of man's activities. 2lmmgh the 
we of anjlnal arrl hman -, aan hss erxteaaed thre fer t i l i ty  of 
soils. 'Ihe use of minesal salts to mhame fertil i ty,  hmwer, is a 
relatively new dwelqmmk baving been i n  use systermatically and 
exbmively for little mae than 100 yeam (Bmdy, 1984). Plants 
require a t  l eas t  14 essential nutrient elements with calcium, 
magnesium and sulfur behq -lied i n  variable amounts based cm the 
soil Ctremistry and the nature of the plarrt t o  be grwwn. Aside fran 
the trace e l m ,  the applicatim of v a r i a ~ ~  fonns of the elements 
of nitmgen, ghsghorus and potassiun are w i a l  to 

. . the 
high yields exhibited by m x t  of the ammrcially g r r x ~ n  plant matter 
in * world. 

The anwnrt of land under active cmnbemy cultivation 
exceads 4500 ha (11,200 acres) with 55 pezoent of the total lying 
w i t h i n  the Buzzards Bay Drahage Basin (New Rqlan3 Crcp Reparthq 
Sewioe, 1985 and S.C.S. 1986) . 
Dem,ranville (1982) rep* the f i r s t  rrwxlrds of exper-tion w i t h  
f e r t i l i ze r s  and cranberries fmm New Jersey in 1885, while in 
Massadmsetts scrme early wark was cuxlwbd in the 1920's and 30's. 

Note B of the nCranberry Fertilizer Cbartw (U.Mass. Agric. Exp. Sta. 
Bul l . ,  1984) state "A cnp of 100 bamds per acl?e plus one ton of 
Vegetative material mnmes 23 pam3s of nitmgen, 10 porn% of 
pxx@mms and 18 pGnds of pcrtassium fron the soil. -lying 230 
panris of 10-20-10 or ocaparable amanrts of other analyses replaces 
the nitxgen. l&& of the is unavailable to the plant 
because of the nature of crar3#rry soils and pettimats leaches & 
very rapidly. Fer t i l izer  applicatkns of 5.5 W y e a r  (30 
pmls/acm/year) on a fen peatland (Ri- ard -1, 1986) 
d t e d  in m significant imrease in graJth or rrttrient uptake by 
esmqent nmxqhybs. AgmmbW fmm Orsgon State University (Shaw 
et al., 1984) have esthated the ramml of esserrtidl rrRrients by 
the harvesting of CLarJ3errj.e~ a t  a yield of 370 barrels per thsctare 
to be 79 IQ (36 19s) of nitrogen, 3.3 Kg (1.5) of @m@oms, and 21 
IQ (9.6 Us) of patassium. 

The use of fe r t i l i ze rs  in  aanjullctiar w i t h  iqruved harvesting 
techniques and pest control m e a s u r e s  has played a major role 
inprwvirq the yield per acre fran 41 barrels per acm in 1950 to wer 
140 barrels per acre i n  1984 (NECIRS, 1985). Applications of 
fertilizers are genezally tined tO w i f i c  stages of plant gruwth. 



Zhe amjunts of fertilizers applied to crar33erries are ampaxatively 
law, e.g. axn yieldirq at a ampamble rate of 100 b 6 b I . s  per acre, 
plus five tcrrs of c u b  and dher w v e  3.30 lbs 
of nitrogen, 50 lbs of -c acid and 110 lbrs of potash 
(Demrrarrville, 1982). The clo6e assuchtian of cranberry bogs to 
surface waters and high volute a m  sufficient 
justification for examining the role of cranberry bogs as s 
patentidlly significant sarrce of rutrierrts to Buzzan% Bay. 

The aa&emy has been identified as a likely saurce of 
nutrients (Whittaker, 1980) and of (DMF, 1985; Willianas, 
1987). Ihe intensive use of insecticides uver the past few 
i s c i t e d a s o n e o f t h e m a i n f a c t o r s t o h w e ~ y i e l d s p e r a c s l e  
to W presat levels (EPA, 1978). The use of pesticides and 
brbicides to axltrol pests has also been hplioted as the causative 
factor in several m p r b d  fish kills (DMF, 1985) . Ihe database to 
sqprtorrefutethesignificameof theWbtzyontheenvi roPrment  
is limited. In 1974, Deukert published a strrdy which examinad the 
relative inpacts of crarS#rry pmdwtion, autaxbile traffic arrjl 
population m i t y  cn surface ard gmml water quality in Cape Qd. 
He concluded that %either automobile traffic nor cranberry 
m a n  appeam tO have a mn;rarrable inpact ql Quality of water." 
Unpublished studies in Wisconsin, the nation's secczd largest 
cranberry pmdmer also have looksd at the -Is inpact on 
nutrient loading within receiving waterbodies, the dfect of 
pesticide dhdmges as well as the inpact of m a n d s  modification 
(persaml ammtmiotion, K. Sctuleiber, D.E.S., W-in). In W 
WisoaDlsin studies phaqbms loading fkun the bogs g e m a l l y  was 
faml mt to be significantly affscting the -ti0116 in the lakes 
~ k r t 0 a ; l l d b e i n p O r t a n t ~ t h e a c r m a g e o f ~ l a k e w a s  
mall and &her pubnthd satroes of minor bprtanoes 
(persondl ommmicaticn, K. D.E.s., Wisoonsin) . 
1.4.3 pesticide Amlicati.01~ 

Ihe gemral law rqulatiq the use of pesticides um 
w i t h i n  state and federal juriadicticns. In Massadmetts that law is 
the Wwachsetts Restici.de Cmbm1 Act.  It is . . 

by- 
Massachusetts Pesticide Board which is a division of the 
Massachusetts Department of Food and Agriculture. Urr3er its 
authority all pesticides aze requiz& to bear a label w i t h  directions 
an3 warnings amemhq usage. Ihe Board has darelaped rsgulatians 



for the storage handling a of anl their 
aerrtainers. ' I h e F I M l l a a l s o O e r t i f i e s t h e ~ u s e d ~ t h e  
training of applicators. 

Wic ides  -it a wide variety of stzuctures and prcprties. They 
range fran relatively sinple inorganic salts su& as lead amenate t o  
very complex organic compounds such as DUT and Diquat. The 
widespread use of Oqamchlorine pesticides such as DUT and Dieldrin 
during the 1950's and 60's a cause of n a t i d d e  cumem 
during the 1970's. aLe sam attrilxltes whia made these ccupmds 
attractive as pest -1 agents i.e., persistencE/killing pme-r, 
resulted in the acamrzlatim and bioammhation of the parent 
compourrds and metabolites and ahaque& -tian art frvn the 
a~plicatian sites t h m q h  varims pa-ys into the envhmmmt. 

The extent of the migration is dRlprriprh upon the physio&mical 
pmperties of each cupam3 arrd the na- of the n&h.  W are 
three major pathways for pesticide degradatim, pbb&mical, 
chemical and microbial tmnsfoxmati~ls. Ihe prhipal migration 
pathways for the organochlorine group are volatilization and 
adsorption since organocfilorines generally have lclw solubilities in 
water aml are w i l e  in soil systems organic acPltent is high, 
(Weber, 1972). 

A factor in assessing relative toodcity of oertain oaqamk is 
t h e e x b n t a n d a n r w r t o f t i m e n e o e s s a r y t o ~ ~ ~ t o  
nontoxic forms. Rao and Davidson (1979) discuss classifybq 
pesticides based m their half-lives in soils: nonpersistent (t 1/2 
< 20 days), lcDdaerately persistent (20 </t l /2 </lo0 days). For 
exanple, the pglPJlt mqaml OlJr and its metabolites a m  )olcrwn to be 
extremely resistant t o  degradation. marry of the JlDr 
metabolites retain sane of the same taodcological infl- as the 
parent ampamds. 13ue to a favorable partition ooefficiMt cmto fats 
ard lipids, EUT and its metabolites have been awkJn to mve 
the food chain by partitioning to lipidal biological fractims ard 
cmcentmtirq a t  the top of the food chain w i t h  significant adverse 
impacts. 



Goring et al., (1975) mporb that available hfaumtb ar t b  laes 
of pesticides in soils is limited and cites many of the 
af-aned factors. A d d i t h m l  lolBse!S are attrikrted to the 
effects of 1- and plant uptake. Ihe & -, state 
M a t t h e f e w a ~ a t ~ l o e e e s t l n d e r f i e l d a m 3 i t i ~ 1 ~ : t o  
have been surpaisingly good. Gcaing fmUer mparb tbat (EhmPa)oer et 
al., 1967) bad developed a etatistical with the climatic 
OQlCl i t im oftemperatumam3rainBll f o c a @ + + q ~ y M l f  of 
the variability in t b  of .the pestrcrille picl-. 

Comparable studies on the long-term stability of the modern 
-te based pesticb used in the cmrbemy hhstxy are 
limited. Mod looked far msidual leuels  of thE! 
parent oapm3s in the mter colum shmtly after applicatials. 
P L e r e a r e s c m r e ~ , ~ E n v i m r r P e r R a l P r c r t e c t i r l r r s ~ ' s  
National mforcement Investigations Center (NEIC) (EPA, 1978) 
arducbd an urp&lished gtudy in Octd3er of 1977 before anl durirq a 
c r a r J 3 e r r y h a s v e s t m t h e ~ B o g i n W a r e h a m .  :aKyreqwrted 
-ies of -1 parathim -bog soils rarping fran 0.6 to 5.6 
ny/g 90 days after the last applicatim. Exmmatims of sedimerrts 
an3 fish bmsbxam p m v d  negative. Miller et al., 1966 repom 
the detection of parathion S35 at ocmentmtims of 0,007 ppu 6 days 
after agqlicatim under laboratory d t i a n s ,  

?he Division's study as pmposed had three objectives: to estimate the levels 
of nutrients db&arge from a aunwxial crar33erry bog -tion into m 
estuary; to analyze c#?iments w i t h i n  ard imn#liamy dmmtmam of a 0armerr:ia.l 
cranberry bog for residual levels of selected herbicides an3 insecticides; Im 
qualitatively examine the -ition of marrmimer&hrates -ties within 
and of the cranberry bog. 

T h e  pr- - in the early d e v e l w  of the s ixty  plans -: to 
identify a study area w i t h  a minimrm of anfanding rutrient irputs from 
upstream sarroes; to locate a site which where typical agricultural 
pzactices were wloyed ami finally to select seveml blocks of time w h a  
agricultural practi- caild be m P n i M  w i t h  relative ease. A secm3aq 
issue of oaraern was tO locate a suitable 0-1 site on whi& to base 
-isa?s in nutrient 1- and pesticide msiches. 

A decision was made to fows site selectim w i t h i n  .the azttennilk my area 
to tak-e xbntage of e x b t h g  and studies um3er the Wlzzards Bay 
Program. In arder to aoaanrt for hydrological as well as agricultsral 
practioes a monitoring plan U c h  nmasmed rrztsierrt exports over (2) 
day periods was chasen; late May-8iirly June to coincide with a seasmal 
aplication of fertilizers and mid4cbbr  imn#liately W the harvest. 



Bay is a shallad water aabayaDent looated alag - no- 
side of Buzzards Bay (Figures 2,4) . It bas a drairrage basin of 
aoaw! 42.83 8q. km. (17 aq. miles) rurtr of whi& is locaed w i t h i n  the 
"pitted plainn de6cdb& by (Moog, 1987). It is of m i v e  
~ r n ~ ~ ~ i + n i n t e r e p e r a e d w i t h ~ , p a n d s , l a ) t e s  
and kett le  holes which are ideally suited for the paocbrctian of 
crarrberries. W i t h i n  the basin an estbwt- 137 ha (338.4 acms) of lard 
are devatied to the 0amercia.l pmiwtim of -. 
A axxiexcia1 QarJ#rry bog cpe?atia~ wia 36.4 ha (90 acms) of prroduchq 
bogs was selected as the study site. !lb sba3y site is located 
appnxhately 1.2 )an (0.7 m) east of Red Brodt, - pridged -ter 
source to Buttermilk Bay (Figure 4 ) .  Surfar# is laryely 
oartained w i t h i n  182 ha (450 acres) paq#rty bmm%. Addi t ional  
antri3ut ingrutr ientsrxlroeswere~h%mdtobeminimal ,~ indLuded 
two residential dwellings, are located in the qper  half of the watershed, 
and the seam3 located m y  610 m (2000 f&) east of the bog artlet 
stream. 'PkED street drains located alaq Head of thE! Bay mad also 
di&nrge to the bog dur- rain e w n b  (see Figures 5 and 6 ) .  

A t  this site thE! uwner has the option of d m d q  or star- water from 
-era1 waterbodies located an the pmperty. 'Ihe first, Weeks is the 
major surface w a w  on the -. It serves as the principal 
resenroir for the upper 23 ha (57 acres) of active bags (Garland Bogs). 
Ihe eccm3, Nyes Ftesemoir, serves as the major &aoe water sauoe for 
the lwer series (Nye Rog) , which has a total of 13.3 ha (33 acres) under 
pmdwtion. -tianal water sauces include North Rxd,  a 0.30 ha (3/4 
acre) kettle pax3 located alang the rwthern limits of the prolperty. It 
prwides water for sam3l of the Mvidual bogs located in the uFper 
series. Mares F t d  senre as supply for the lower bogs and 
Benetts Fur& a largely unaltered watdmdy can provide water during 
periods of high water db&axqe to the lakller Nye m. Additimal water is 
supplied by bm laxye capacity wells located in the q p r  ~IXI lwer 
reaches Wch pmp -ter as needed to .the bogs. 'Ihe f l ex ib i l i ty  in 
water - allm the awner to xtanage the upper and lower bogs as 
sepa3atP units. 

Ihe wner's flexibility in meeting his water dman% made it hp6sible in 
this limited study to manitor .the e m t h e  system as s-le irqxlts and 
artpzts. In selecting the location of the statims w i t h i n  the active bog 
i t w a s ~ t o b h i r r t o a c m m t t h e m a M g e m e z r t p r a c t i o e s o f t h e h g  
awner. 
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Sites w i t h i n  t b  active bog and jnactive bog identified as being 
suitable for f l aw d t a r i n g  mre h m p c b d  are mar to the 
initial s~mpling period of J h e  2-5, 1986. Criteria far detenninirrJ 
sui tabi l i ty  is included in the .Btsndard Operating Pmoa%ms 
developed by the Enginaering Gecticn of Division's -Cal 
Senrioes m. Ihe perthmt criteria being; a dnhm of 13 
an (5 hxhes) 1.5 - 1.8 rm (5 to 8 faet) of stmight W, a stable 
stream bed IYee of rodrs, weeds am3 paotn;ding chtm3d.m 

miLd m t e  cla+ul-, d a f l a t  stmm bed pmfile to 
elinhate vertical mrryr#rtr of velocity. 

Ihe first site selected was in the axtlet stminu of the active bog 
raqhly 1.2 m (4 feet) of the 91.4 an (36") a v e r t  (see 
Figures5and6). ! L h e s e o o n d s i t i e ~ C , w h i . d ~ w a s t o ~ l y  
serve as the oartrol ms located W y  3 m (10 feet) c b m t m a m  of 
the artlet weir of the lW3A.m Bog. T h i s  site was later abandaDled 
due to inadequate flaw. A third station, Statim D, was established 
a t  the artlet of Bennetts PPnd whi& a t  the t h e  of the initial 
q l e  period, was cmtrri)xtting to the outlet discharge (see Figures 
5 am3 6). 

lhree nutrient mOnitorirg selected (Figures 5 and 6). 
Ihe f i r s t  (Station A) was located a t  the artlet of the Narth m: 
w a t e r f m m t h i s k e t t l e p o m i l o c a t e d i n t h e u p p e r r e a d m s o f t h e  
watershed. It was assumed U a t  its water cfianistry aFproorimaW 
gmm%ater quality ard receive3 minimal c d x d h t i c m s  of nutrients. 
The seaxd site (Statim B) was located a t  the outlet end of the 13 
ha Nyes Bog ocuplex. It served as the principal d t o r i q  statiool 
since all f l a w  fmn the entim site evmtually dbdaqed to this 
stream. A third (Station C) was located off site aml drained the 
abar&nd"wlbhmg."  P l i s b o y w h i c h i s l o c a t e d w i t h i n t h e ~  
Brook drainage basin was taken art of prodrrctim 20 - 30 years ago 

the prcgerty was a q u h d  by the Tanln of WarPham for use as a 
public water ap=ply (perscnal anmunication, W i l l i a m  Tat l c rw)  . It was 
originally selected for this study to porwide a caparison of 
rrrtrient artplts fmm an active versus an inactive bog. lhis site 
w a s  subE;equently ahu&med as a mter quality rPPnitmdrq statim due 
to law flaw. A fanrth, (Station D) was located at the met of 
~ P r x d p r b r t o i t s ~ t o t h e N y e s B o g .  X t p i a e d  
the  basis for c q m r i q  the rutriexit artprts frcra an unaltesed 
f r e l w a t e r w e t l a r r l w i t h t h e a c t i v e ~ b o g .  

The influmce of pesticides and an the dmmtmam of the 
bog ard to the reoeivirg estuary is a oolplex issue involving many 
m a t e d  physical and biological a;wfi as the m c a l  
nature of the agent, the inn- of soil particles thKXlgh 
abmptim, kmter, teaperatme, pI, sunlight, m i d i a l  action; all 
affect the agent i n  the rate of t k m p s i t i c m  an2 its persistence in 



envfrorrPEslt. 'Ibis study one aspect of the pmbln by 
aadinum+fi w i t h i n  and cbmtmm of tAe bog for 

pesticide residues to determine the extent of pesticide 
transloeation. 

sdimmtx - oollected fzan w (3) statias, the first, 6tatial 
B was located w i t h i n  a stevgMnt pmtim of the stream d k b q h g  
fmm the bog. The semxl, Statim C at the wtlet of the abardaDled 
-ins Bog served as a oontrol. Zbe third, Statian E was located at 
t h e m a r t h o f t h e a r t l e t s t s P a m ~ i t d h d w m p s i n t O B u t t e d B  
Bay - 
As a corollary to the examination of the sediments for 
psticidemicide levels the Divisim also aoPlducted a qualitative 
examination of the aquatic o ~ c r a ~ t e  crmnlnities at several 
locatims. Ihe of which was *fold: 1) to identify family 
tothepredcminantuNertebratesineachaeanrP_rrtand2) to- 
whether there is sufficient bicmass of a s w l e  taxon to meet 
analytical for tiswre analysis. 

Ime bog/- system was divided lirrto fau segmmts for sampling 
puposes. Segment "Emf which imlu3d the estuarine portion of .the 
artlet stream was not sapled. S q n m t  "1" awered apprOOLimately 90 
m (295 feet) ham Segaent W1 to Wead of the Bay FbaI." Segment "2" 
was agprpotirmaMly 100 m (328 feet) lang, mmhg frnn '33ead of the 
BayRCYadWtothedir t roadwhi&clsossestheart let~.  segment 
w311 -tely 5 m (16 feet) 1- and ran imn the aNet 
struchvle at the em3 of W e  bog alarg the oentral met channel (see 
Figures 5 and 6 for segment locatiam). 

3.0 @mml Field a i m  Pmc&umq 

Field sampling procedures were developed after reviewing 
methodologies included in the Starrdard opaatirg Pmm&ms doawent 
developed by the M a s s a m  Divisicn of Water mllutim Qcrtrolls 
Tednnical Sendoes Bmxh, guidelines prwiaea by the EnvirprpJoerRal 

Agency (ESA, 1983) ard tbmqh the d e v e l w  of a Water 
Wity Assuranoe Project Plan specifically designed for this study. 
ocpies of these &xxmrents a m  on file W Divisicms Seal Sewice 

Offioe, Westview Building, Lylaan Sd~ool, R a x t e  9, W e s t b o ~ ,  
01581. 



I n a r d e r t o ~ t h e ~ l e v e l s f a P r d i n t h e ~ l i n g s c t r e a r e  
to a loading fW&ion it was neemssary to obtain an estimate of tte 
volume of t r ~ a t e r  dbdmghg &an the bog arrl the lmcbrds. Flaw 
~ ~ n w b b y t h e ~ r p d p e t h o d . "  'IhewadirKJrod 
method is a stanhrdized method suitable far eaPtimating f law in 
shallcrw, relatively slaw arrvfng strwms. Ihe quipemt  includsd a 
nPygmy Qlrrerrt Mete?? No. 625 maTllfachtred by Gurley Q, Tray, New 
York. A s  the bucket tbel rotates electrical amtact is made an a 
single amtact  cam prodtucirg a signdl each time the mt V b e l  
ocrnpletes a rwolution. The velocity at the point of the auTent 
mter is masumd by oarntirrg the rrrm3wr of signals in a specified 
thmintervalwithabadsetattachdtotboartactpost. 

A Current Meter Digitizer (CMD) (SoPtkRue Vers ia~ l  1.2) 111zil'lufactursd 
by Scientific Imbxmnt Oo., maPltsd on w a d h q  rod pmvided a 
digital -lay of the rrnnber of r e v o l u t i a ~ ~  per tine intiewdl and 
thevel0cityinfeetperscurp.d (m). 

wem taken a t  15 an (6 in&) irRewals across the width of 
eadI stmam chrrhq the June 1986 sampling period. the O c t c k e r  
1986 -ling period, flaw masmmmb were raStricted to the aNet 
stream 6 m (20 feet) dmmtrwm the outlet. FUrther  discussion 
of the a t i o n s  and flew hken during this time period 
can be faml in the Ftesults Sectia?~ (5.1.4 and 5.2.4) of this 
. W i e s  of the original flaw as w e l l  as the flew 
calculatian sheets, are included in the wsbr  f i l e  stored a t  the TSB 
office in Westbomqh. 

ents ard Water 

ZWmty-fcur 150 ml. samples, tK, ea& lmr, oolleckd a t  eacfi of 
the three (3) nutrient stations, using an autamatic sampler 
manufactured by Instrumentation Special it ies Co . of Lincoln, 
Nebraska. The ISOO Model 1680 Was&sater -1er is a portable 
devioe designed to oollect up to 28 separatr? eqwntbl saqles of a 
predetenained volume. The and electronics m hjused in a 
water tight stainless steel . * 

' a& sits over a sanpling w e l l  
cmtamuq two rirgs of 14 bottles per ring (see m). Nutrient 
sermples ard physical chemistry smples mm oollected hourly using 
the unit's programaable c m t x y .  Ihe interval in mirutes ranaining 
unt i l  the next sanple is displayled an an LED readak. cmes 
o m t d m t i a n  of the sauples was mvllmized . . by the automatic purging 
of the Tyrqan (tm) suction lh before and after eadI sanple. The 
oentral w e l l  within the saq1e.r was periodically fil led w i t h  ioe to 



lB.P sanaplea dlilled p E b y  m&dng b i o l V  acti*. NUtr imt 
samples, (,TKN, NH3 , No3-, TP and POq ) were assigned t o  
the carter ring of bottles and Umee wire far mm 
sssim to the imer ring. to ttm t ine 01 oollecticn= 
mls of 1 N H2S04 were added t o  each nutrient battle. 'Ihe 
individual hatrly samnples hem plarrtally a m p s i -  at 1800 bL1ULs Jum 
2, 1986 and ttre;reafte;r at the 0600 am3 WlObanrJ fartheblame of - study. 

A t  the ccmlusicm of each m l e  period the inliv- siucples 
ocaposibd to m b  up a me (1) liter saqle. Ssmples tagged 
and packed in wet ice coolers for tranqwrt to the la- 
Experiment station for analysis. 

Specific information concerning sample preservation for ea& 
parameter, fiimale volute , oartainers, -tion and 
holdin3 tines is pzmenbd- 

3.3 Collections For Fesbcide midues . . 
Ihe cx)ll&apls lmsvb Ngygpber 12, 1986, w y  30 
days after harvest flood waters had been p m p d  back into the 
msemoirs. Collecticm times - w t s d  With a low tide event 
to  facilitate collectim of sediments w i t h i n  the estxmrine porticm of 
the met stream. The actual sznq>le locatiapls w i t h i n  err* station 
wem selected after locating rrPainrarts which appear& t o  cmtain a 
high peme&ge of organic mat ter .  

Collectims originally were to be nwlP u s i q  a hand o d r q  devioe 
mamfactumd by W i l d # ,  but the aerlinwrtfi w i t h i n  the artlet stream 
proved to be too watery to mainbin a m l e .  As an 
altermtive the tap 10 an (4 *) of adnmts 
u s i n g a s t a i n l e s s s t e e l ~ w h i ~ h a d b e e n  

- so0aPed-w 
pmdamly rinsed w i t h  

arocessive washes of distilled water, magent gradaoetaLe and magent 
grade w. Oore szmples m abtahd frau Statiacls C and E. 
Approorimately 300 grams of sedhmt  fLtln station wem then 
transfermd to glass jars w h i c h  had been pxzsdatsly rirrsed w i t h  
successive washes of distilled water, raagent grade and 
reagent grade hexane. Ihe jar cape - eplipped w i t h  teflm 

Ihe jarswerethen~andtrans ,por tedin\ \ l le t ioetothe  
Massachusetts Pesticide Analytical Laboratory a t  Amherst, 



Acidity 
Tbtal AlJzalinity 

Chloride 
Oolor 
Dissolved Oxygen 

N i t r a t e  

Total Dissolved 
Solids 

Totalm 
Total K j e l d a h l -  

N i t r o g e n  - Phospho- 
Total Solids =- 

Solids 

aool, 4  Degc 
Oool, 4  Deg C 

OoOl, 4  Degc 

H2S04to- 

cool, 4 Degc 
%SO4 - PEH<2 
(3001,4 Degc 

Y O 4  - - 
c o o l , 4  Degc 

HNO to pH<2 
aoo3,r Degc 
H2S04-- 

aool, 4  Degc 
v 4 - -  

aool, 4 DegC 
aool, 4 Degc 

14 &p 
14 days 

28 w= 

28 days 
48 hrs. 
in situ 

6 m. 

48 hrs. 

48 hrs. 

in situ 
28 days 
in situ 

7 w ' s  

6 nun. 
28 days 

28 ?ays 

7 -  
7 w =  

Foat Note: 
G = Glass 

NA = Not Applicable 



Massachwetk for subsequlent analysis. LSadimcsrf_ sauples fmzen 
up031 reoeipt and thawel by rebcigwatim 24 hatrs prior to analysis. 
A l l  fisurales were analyzed u d e r  a dim& wq#nrision of Dr. J. 
Bhmhall Clark. 

TSB fmsbater biologists e m e y e d  the bog artlet/- fmn its 
alang the northern shrrre of a;ltteamilk Bay, )orrwn locally as 

m y  Owern to the crarJ3erry bog axtlet. Ihe 1- of the 
stream was d m e d  then divided into far  for e i n g  
plrporses. segment nE", which incl- a e!stmrh portion of the 
artlet stream, was I& sampled. S e q m t  "1" cwemd apgmxbately 90 
m (295 feet) fmn Segment W' to of the Say &ad." Segmnt n2" 
was qFprrorimately 100 rn (328 feet) lay, nmnhg fmu '3lead of the 
BayRoadntothedirtroadwhichcrogees~art lets tSeam.  
s3o appmxhately 5 m (16 feet  laq) updmm of the artlet 
structure alaq the oentral met &armel (see Figure 5 for segment 
locatiuns). D-nets m used to collect aquatic macroinvertebrates 
from di f ferent  micro-habitats w i t h i n  ea& sqmnt. Taxa were 
identified in the field t o  the best podble level w i t h a x t  the aid of 
mgnificatian (usually family level). Sane specimens wem b-t 
back to the labomtory for cmfinnatim of field W i f i c a t i m s .  A 
list of the taxa collected from the varim segmmts is listed in 
Table 13. 

4.0 Qualitv Assuranae Witv Control hooedures 

V a r i a b i l i t y  w i t h i n  the sampling system and the water column ws 
estimated by: 1) split t ing the final nutrient oapsite sanples 
collected a t  Station B during the June 4-5 and 22-23, 1986 
collection periods; and 2) by c o l l e c t i g  bm (2) liter grab sanples 
f r a n  Station B arrl making duplicate sp l i t s  of these grab samples and 
a field blank. W i n g  the Mamh 23, 1987 sampling period 
replicate grab samples weme collected from Station B. 

'Ihe d t s  were then &uated for artliers and basic statistics: 
mean, standard deviatiun and ooefficient of variation. A l l  r e su l t s  
are presmted in Table 2. 

Upm transfer of the water sanples to the Iawence E q e r b r m t  Station 
(LES), t h e  samples are logged in aooordanoe with B Stardard 
o p e m t i n g ~ d e v e l o p e d b y t h e l a b o r a t o r y a n d a p p r w e d b y t h e  
Envhmmntal -on Agency (EPA) . genezally verifies the 
information p- un the tag and an assignaent of a laboratory 
identification mmbr  a& is then into a ba;md log book. 
These log book are available for  inspection a t  LES. Table 3 
pmsents the -, the analytical n&hodology, the Units of 
measure, ref- and nraximrm holding thms for each paramter. 



SUMJKRYOFFIELDWW~WUTYWIDENN[TIRIENT 

SAMPIES OBTAINED FKM SA!l?ICN B 

10/23/86 Field Blank 

TKN 0.18 

NH3 <o .02 
NO3 0.1 
TP 0.13 

*4 0.07 

TKN 0.85 0.84 0.59 

m 3  0.11 0.04 0.02 

N03 0.1 0.4 <O. 1 
TP 0.21 0.15 0.18 

P"4 0.11 0.03 0.03 



6/5/86 10/23/86 3/23/87 
IX SD sx /X SD SX nc SD SIX 

m 0.61 0.23 0.38 0.60 0.01 0.01 0.76 0.15 0.19 

SPLrIS 0.63 0.10 0.16 0.50 0.06 0.12 - - - 
MI3 0.14 0.10 0.71 <0.04 - - 0.06 0.05 0.79 

SPLnS 0.10 0.04 0.42 0.08 0.04 0.52 - - - 
NO3 REFS 0.65 0.78 1.20 c0.1 - - c0.2 - - 
smxls <0.1 - - - - <0.1 - - - 



REKRIDG UNZTS, AElAIlYTICAL AND 

A c i d i t y  

D i s s o l v e d  Oxygen 

N i t r a t e  

FH 

Specific OoHd. 

Totdl D i s s o l v e d  
Solids 

Aq%k&xic 
w i t h  A@03 

by Calculation 

Ascoaic A c i d  Met. 

wheatstnne Bridge 

Dried 
180 deg. C 

EPA 1983 
Method 305.1 

SM 1Sth ed., 
Sec. 417F 

Yellcrw 
sprirrss =- 
OD. 

SM 18th ed., 
Sec. 314 

SM 16h ed., 
Sec. 424 F 

Yellaw Spring Inst. 
00. 

mbrand 
Cat No. 61157 

SM 6th & e l  

Sec. 209B 



Total Solids 

'PotalSuspencaed 
Solids 

Atcmic 
Direct Aspiratian 

Filtrate Dried at 
1103-105 Deg. C 

W/1 SM 16th ed., 
Sec. 209C 



Zhe standard deviatim of the differemes was &brmhed fran 
at least 20 sauples. 

AQualityOantrPlChartwasgeneratedfmmthssedatausingme 
(1) and tklD (2) sbaard WiatiaIs ammn3 zero. m (2) 
stanhzd &viatiaIs dekemhd the u g p r  and 1- control 
limits. If a duplicate was art of -1 the analysis was 
~ a n d t h e a n a l y s t ~ f o r e r r ~ r .  Whentheproblemwas 
solved, that set of ten (10) fimrales was m y z e d .  

In order t o  insure accurate analytical data, l%e follawing two 
methods - earplayed. 

An EPA ref- shrdard was run after every ten (10) Sanples. 
These known concentrations indicated whether the working 
s tardardsmgoodorbad ,  and-theinStnrment 
had been pmperly set up. 

settings 

To insure the accuracy of actual field sanples, me art of every 
10 sanples (the duplicate sanple) was spiked with a )aKkJn ammnt 
of anal*. 

After the analysis, the of the spike was - and used as follaws: 

Zhe nrsan (at least 20 samples) of the peroent maxeries was 

A quality corrtrol chart was gemrated fmm this data us- t w o  
(2) and three (3) standard C I e v i a t i a I s  arpI.md the mean percent 
reoaver; two (2) standard deviatiocls alxnlrd the peroent recovery 
determined the upper and 1- oltrol limits. If a 9 p h  was 
fand to be aut of cmtml the analysis was stqpe3 anl the 
analyst &echd for error. When the pmblan was solved that set 
of ten was reanalyzed. 



A typical n m  wwld indlude ttm follawitlg: Gtandard, blank, EPA 
&emme, ten l3anp188, blank, dplfaate, spike, mA &., etc. 
All of the Q.C. data generated ms maxded on the Q.C. 
and in a segarate Q.C. data book. 

Tables 4-8 pmsent ttm 99/QC mtriemt data. 
Additional information mgardbq the  other water quality 
parameters is on f i l e  at the statiotl, 
ulwmme, m. 

Ihe pesticide and herbicide analysis was by Xatthew m, 
KesimrP m under the directim of PLDf- J. Marshall Clark. Ihe 
details of the methudologies were kindly plrwided by Mr. Broa)ts in a 
series of three mrts, which are MIXU here w i t h  mly minor editorial 

A ten gram aliqwt of each sanple was heated to 105°C uvernight to 
detennh water amtent. Wts of analyses m reprbd on a total wet 
weight basis. !Rm spike szmples bmx run for each q l e  for ea& group 
of analyses (e.g. a gmup amstdtuted a set of capamis amlyzed in a 
sixqle analyses, such as diazaxan and parathion as a group, dictiLabenil, 
diaz-, mnethyl parathim and chlorpyifos as a g r ~ u p ,  the lane ampam3 
p-nitrophenol a s  a group, etc.) and an average percent reocrvery 
determined. Ihe value was influe!nthl in d e m d n b g  the individual 
detectim limits of ea& far eMfi sanple. A magcmt blank ms 
run for evary ten saaples analyzed. No extraneaus peaks. were M. Si te  
C was used as the mil blank (mtmatedcmbrry sedmmt). Standards 
were injected with every si te analysis (approximately every 5 
injections). A l l  solvents wem pesticide gnvld a l l  glassware was 
pmwa&ed before use. 

The following techniques were  employed in the analysis of 
chlorphyrifos, methyl parathian, prt3d~1, dichlcbnil ,  ainsinosl. 
~ t e p a z m t c m q a m 3 s ~ a m l y z e d i n g o i l a r r d s e d h a - k  
according t o  the method provided by the N a t i m  EnfarPement 
Investigatiocls Oenter, EFA M f h  of Icnfamxmnt. rrppiroorimately 50 
gram s;males frm each site was analyzed in duplicab for the 1- -. Samples wexe subjected to a bm~?/acretrxle extraction 
follawled by a water rime to the aoekm and polar soluble 
impurities. The hexane layer was ihried over sodium sulfate, 
amcmtzated and analyzed by a V a r b  3700 gas-liquid dmma+Oararh 
(GLC) et&qed with elechrcn captuxe (m) axxi m c  m i f i c  
(TSD) detectors. 

Analysis by ECD utilized a 15 m DB pe- oolumn (3 & W 
Scientific Inc. , W.0 A l t o ,  CA) which was txaperatUre programaed f m  
110°C a t  15'c/min. Ihe coluun was held a t  110°C and 220°C for one 
minute. The injector and detector tenperatures reqedively rn 



~ O F g A / Q c ~ ~ ~ ~ ~  

ANALYSIS FtX? ?HE PERIOD 6/02/86 - 6/17/87 SPlMPLE 
NUMBES R16483 lHRMJX R23281 

SAMPLE IXJPLZCATE IXlPLICATE MEAN SPIN3 . SPIKE 
# 1 2 MEAN 

Jun 02 86 Rl.6483 3.2 3.0 3.1 - - 
Jun 03 86 Rl.6561 0.62 0.68 0.65 1.0 0.35 

O c t  20 86 R22273 0.58 0.62 0.60 0.98 0.38 

Mar 20 86 R22412 0.60 0.55 0.57 0.97 0.40 

Mar 09 87 R23185 0.86 0.91 0.88 1.38 0.50 

Mar 20 87 R23281 0.38 0.33 0.35 0.70 0.35 

N = 6 samples 
Mean = 0.0750 
Standard Deviation (S) = 0.0616 
2s = 0.1231 
3s = 0.1847 
Coefficient of Variation (CV) = 82.08% 
TKN-N S p h  - 0.45 mg/l N = 30 Mean = 0.4283 S = 0.0832 
CV = 19.43% Spike Reawesy 95.19% - = N o t  Reported 



May 29 86 Rl6362 0.27 0.19 0.23 0.58 0.4 88 

May 29 86 

Jun 03 86 

Jun 04 86 

Jun 05 86 

Jun 05 86 

Jun 06 86 

Oct 17 86 

Oct 17 86 

Oct 23 86 

Oct 24 86 

Ehr 20 87 

20 87 

** 1 
NK3-N S p h  0.4 q/l; N = 13; Mean = 0.0169; S = 0.0295; CV = 174.63%; Spike 
F ~ O U W K Y  84.5% 

** 1 Calculations based on gA/QC data mqortad for w l e  # Rl6363 - R23341 



ANALYSIS FUR aEE -OD 5/29/86 -, 3/23/87 

SAMpIE R16362 R23341 

May 29 86 

May 29 86 

Jun 03 86 

Jun 04 86 

Jun 05 86 

Jun 05 86 

Jun 06 86 

Sep 30 86 

Oct 23 86 

Mar 20 87 

NO3-N Spike - 0.4 wl; N=10; Mean= 0.0090; S =  0.0145; CV=161.1%; 
Sp* Recmery 95.7% 

**1 Calculations based an BA/Qc data reported for -1s Rl6363 - R23341 



Jun 01 86 R16483 0.46 0.45 0.45 0.65 0.20 89 

Jun 03 86 R16561 0.03 0.03 0.03 0.24 0.21 93 

Oct 20 86 R22273 0.06 0.06 0.06 0.28 0.19 84 

Oct 21 86 R22412 0.06 0.05 0.05 0.27 0.22 98 

Mar 09 87 R23185 0.04 0.05 0.04 0.27 0.22 98 

Mar 20 87 R23281 0.02 0.01 0.01 0.23 0.22 98 

** 1 
TP-P Spike 0.210 ny/l; N = 6; Mean = 0.0050; S = 0.0055; CV = 109.5%; Spike 
Iisoarery 93.3% 

** 1 WQc data sumnary Le.  a mean of 0.02 and S of 0.0247 etc based on data 
for the entire sanplirrg period. 



Jun 03 86 

Jun 26 86 

Jun 26 86 

Jun 26 86 

Jun 26 86 

Oct 17 86 

Oct 17 86 

Oct 17 86 

Oct 22 86 

Oct 22 86 

Oct 22 86 

Oct 22 86 

Oct 23 86 

Oct 23 86 

Oct 23 86 

Oct 23 86 

Oct 23 86 

Oct 23 86 

Aug 26 86 

Aug 26 86 

Aug 26 86 



2he ECD pmvicbd aensititl~f meidrre analysis far amnatic 
and haloge~ted ampmm36 (e.g., to f- levels). 
%!ids pawided a l w  level of cbbctim (e.g., 20 *). The ZSD, 
although not as sensitive as the ECD, gave a secorrl 
specifically for nitrogen and whi& prwided an 
a d d i t i d  vedfioatiar of qm&hmble peaks as in the case for 
dhlorpyrifos. Verifiatim of p i th  oapxds was by us- a 
Hewlett Packard 598% gas chrmu- (GCW 
Facility, College of Food and Natural m, MA. Agric. E q .  
Station, Univ. of Wi-Amherst, Thaaas Ebtter, D-r). A 3 u l  
aliquot was injected art0 an l l m  SE30 capillary oolumn (J.& W. 
Scientific, Inc.) kbich was -turn programned han 80'C to 220.C 
a t  10°/min. 

A representative ten gram aliquot of ea& sedhent sanple was 
analyzed for tatal m c  ca&m and nitmgm by University of 
Massadmsetks Microanalysis Iaboratory using a Qntrol WMtnan mode 
24- el- analyzer (-1 Whitmuan, Inc., L a e l l ,  MA). Each 
aliquot was dried a t  1lO'C for 24 haw. ?ny f r q n m t s  larger 
than (>0.5 an) were rearrved. The dried 6edment was gram3 tO a fine 
pcw3e.r using a mortar am3 pestle. If anainrent -W mre 
significant they wem muxd. lIhe pm&xd m stored in 
vials a t  r#rm tamperatwe in a desiccatar until further analysis. 
Prior to analysis 5 grams of soil from eact.1 site was dried Qvernight 
in a 105°C wen. Ihe -1s were then ocaJxlsted and the caxban a .  
thermal ccductdvity detecbx. 

4.3.3 mlite Analysis 

!me soil Imples were also analyzed for the insecticide metabolites: 
1. 

the National Enforcement Imtestigations Cerbr, E m  Offioe of 
EnforPanent. 4pprcximltely 50 gramns eamples fraa each si te  wem 
analyzed i n  duplicate for the listed ompads. S;mriles were 
subjected to a bemire/- e&m&im fo11CkSBd by a water rinse to 
reamre the a- arrl polar soluble inp.nAti.es. aEe hexane layer 
was dried wer sodim sulfate, OOIlOentrcLted and analyzed by a Vmian 
3700 gas-liquid dummbgraph (GLC) with electron caphm 
(ECD) arwl thenuionic specific (TSD) detectrrr. Ihe GLC was equjgpd; 
w i t h  a 1.8 m 4% OV101/6% OV210 packed metdl oolm. Ihe column was 



operated isothemally at 180.C. The injector and detector 
-+llrrrr mqecldvely - 220.C and 300.C. pre TSD was supplied 
w i t h  l@mgen at 4 ml/min. and air at 160 mymin. 2he nitrogen 
carrier gas was rrdjusted to 30 ml/min. 2he bead axrmnt was cxrrrstarrt 
at 3.6 -. 

P-nitrubno1 was analyzed us* a mobile phase of 10 mM IQHFO4 . . 0.075% triethylamh at a f l aw  ratie of 1.0 ml.min. Ihe pH 
was adjusted to 7.0 by atkliticm of phosFharic acid. Detection was by 
W absorption at 280 m. P--1 was extrearely difficxlt to 
analyze due to its poor W abmxpticm and its rapid degradation 
(M@.r&, 1983). 

Soil sanples were also analyzed for the hxbicide glyFhaMte and its 
primary metabolite, aminaaethyl -c acid (MPA), by methods of 
-, 1986; an3 Ockllell, et a1 1986) . 
Appmxbmtely 10 gr of soil (wet weight) were shhn  for 15 min. in 
30 m l  of 0 . N  triethylamnine. Plis mlutim was filtered aml the 
filtrate shaken 10 min.  with 10 gr of AG l-x8 -in (50-100 mesh, 
Bio-Raci Laboratories, Ridxca3, CA). Ihe resin was w t e d  w i t h  
10ml of 6 N H C l a n d w a s h e d t o n e u t r d l i t y w i t h d i s t i l l e d w a t e r .  

After shaking, the triethylamim extsact was dbcmsbd & the resin 
was washed twice3 wi* 10 m l  porti~16 of distilled water. Glyphosate 
a n d L I M P A k l a s ~ f r o m t h e ~ i n b y ~ w i a l O m l o f 6 N  
HCl for 5 min. An 80 ul aliquot of the resin extract was filtered 

0.45 \rm polyvinyldiloride filters & analyzed. 

GlyFhosate was oxidized to a primary amim for o o n j q t i c m  w i t h  
O-ghythaladehyde (OPA) in a calcium hypochlorite axidation solution 



(10 mM KH2P04, 200 mM N a C 1 ,  10  rM boric a c i d ,  28 mM 
mercaptoethanol, 1.1 EM OES Pidmdg Iab., Hamtah V h ,  CA) i n  a 
1.0 m l  d o n  mil. PLe f l a ~  rate fix OHi was 0.3 
ml/min. A mtos Spectranw 800 fltlareeoenoe .betector (emcitatim 
dm 340 m and dssh waved- 455 nu) ms used to detect 
the amjugates. 

lIhe agricul- practioes as previ-ly discussed am3 mther 
wents laxgely detemme when these al- wethds w i l l  functiun as 
nutrient sinks or -. The appmach taken in the developent of the 
~ n p l i n g s c t L e n r e ~ i n t h i s s t u d y w a s t o a e l e c t ~ b l 0 c ) c s o f t i m e ~ ~  
coincided w i t h  tims and activities likely to d t  in the active eaprt 
of tailwaters fmn the bog. %he f i r s t  period selected was during the late 
spring. The timing was oarrsidered to be fanrorable sime it cohided w i t h  
a period recommended by the Agricultural extension Services f o r  
application of fe r t i l izers  (m, 1984), and because -ter and 
~ a 0 e w a t e r s ~ d b e e l e y a t e d d h r e t o t h e S P r i n g n ; l l y ) f f .  Iheawner 
mported that an application of fe r t i l izer  kmld be a#rb to the 1- 13.3 
hrxtares (33 acres) of bog on May 28, 1986 (pasmal ammuniciltion, Mr.  
mvid m). 

%pr- lW, a fer t i l izer  mix &velcpd by Goldem Harvest Agricultural 
services was manually applied to the lamr bog using %yclase 
spreadersw a t  the rate of 21.65 kg/ha (118 lb6 pez acre) (persmal 
communication, . Jorseph E e l i s )  . Pie awner also xxpcxbd mt an 
applicatim of the pesticicle RuaUrian wxild also be made to the lawler bog 
a t  the rate of 1.5 pints per acm thrrrucjh the spninkler systen (pemmal 
c z x w n i ~ t i a r ,  D. Marm). T2dlwatesS tere held w i t h i n  the bog until  June 
1, 1986. -on of W tailwatess after fax31 applicati- is as a 
m a t t e r  of policy and sound agricullxml piractioe. %be monitorixg 
ec&x=rk was in plaoe by noon on June 2, 1986. 

5.1.1 Field Cm%tians 
. 

day one (June 2, 1986) , a quick mwm cold front passed thmx#~ 
the region bringing gusty W, dec1ini.g teaperatures an3, rain 
squalls. Precipitation wer the area was variable with the 
Exper- Station re rx>rdk~  0.05 an (.02 w) of rain W e  a 



Ihe first Is00 unit #A-555-66#5 was met tp at station B lucated in 
~ a r t l & ~ o f t h e N y 8 ~ a ~ r p e t r P l a P P r r r h o f ~ 9 0 a n  
(36 inch) culvlert. Pre intake line and pmbe wem mxbmd in 0.3 
meters ( 1  ft.) of water to a p h  of plymod phmmi a the 
bed. The plywood was used t o  W e e  the introdwtian of 
particulate matter fmm the stmiam bed into the w e .  %be eeoePld 
ISOO unit #A-773-2#7 was installel at Station A located at the North 
ppnd. ~ p a a b e ~ a l l a j e d t o b a n g ~ i n t b a ~ t e r o o l ~  
0.3 meters (1 ft.) frcrn the bottan of the pad,  in 0.6 reters (2 ft.) 
of wker. A notation was t h  large amu& of pollen 
owering the 6ulrfaoe of the parl. Plans to locate a third rutdent 
dtorirq station, station C, a t  the a r t l e t  of the F&&irrs 
Eog - camelled U to insufficient disdxqe. 

Both IS03 uniS  were programaed to begin oollectirrg -1y samrples at 
noan of the first day (6-2-86) to -1- the first rard of 
sanpling at  0600 h a m  an 6-3-86 effectirq an 18 hours 
axpsi-. Subeequent 24 h3urs ampu6ites began at 0600 h a r s  ard 

at 0600 haurs of W follawing day. A t  1800 houm of the first 
day ea& of the ISOO units was impchd. W unit at Station B was 
farnd to opera- hmgularly mti?q in the loss of the first 6 
haurs of sauples for W t  statim. The cnRLD1 unit was replaoed 
with a backup unit #555-58-#4 and no further problems were 
- i d .  As a further pmcaution Nicad battexy pack for each 
unit was replaced every 18 hans. 

A t h h d  ISOO d t  8773-337810 m e d  h the attlet stream of 
Bennetts Eorwl during the early mrnbq hatrs of 6-3-86 an3 was 
labeled Station D. The establistrmerrt of this station all& 
~ t o b e n u r L , b e t w e e n t h e & m d c a l a r t p r t s o f t h e o a n m e r c i a l  
bog and a largely unal- fmshmter wetlarrd. 

As noted prwiausly, -turn, @i and dissolved madings 
were made three times a day at each statim. of pH made 
w i t h  an Orim Model 211 digitdl meter equipped w i t h  a glass electrule 
displayed a pasistent risirrg drift during ea& period. 
I h e * o o n s i s t e n t l y r e g ~ a n i n i t i a l * ~ i n ~ 4 . 3 t o  
4.8 range which gradually clhbd ard held steady at the levels 



m p r t d  in the data tablee (a -was rexxtSd m). An 
explanation offered by a ampmy -ve for the d d f t h g  
indicated that  the lw i d c  stmqth of the stmam dkhaLqe nlay 
have resulted in a poor signal mqxmse ly the el-. 

All of the water quality data 00- during this phase of the 
S M y i S i n d L u d e d i n t h e ~ .  

QI JUm 2, 1986 at Station B, the first of the flaw was 
taken a t  1530 hrs. A sem& flm n m i b r h g  Staticrn acbduled for 
the a;ltlet of the Nye m i r  \IRUS due tD imufficient 
flw. I h e a i l y s ~ n o e o f m ~ # m t a r t o t h e l - b o g - f m t o  
be coming from Bennetts PPnd. A flaw nmi- station was 
aRablishedwithin i t s a I t l e t . t r r r a ~ o f  itsdi+mgepoInt 
art the 1- Nye bog (see Figurr! 6). Eeriodic of the 
met at  each of the -irS located on the property, 
part icular ly a t  the ou t l e t  of Nyes Reservoir, established no 
&ti& irrplts of surface w a t e r  tro the 1- Nye bog during the 
balance of this stu3y period. 

F l w  and depth a t  Station B measured a t  mia-mmhqs of the seoxxl 
day exceeded the prwicllls days while f l a w  reaaained 
m l y  cm&mt at  Station D. Flw mmasmed a t  Station B at  

of the day (June 3, 1986) declined fmm the high 
1 e ! v e B f ~ i n ~ l l l ~ ~ a n d r e t u r n e d t o l e v e l s w h i c h ~ ~ t e d  
the reported for the first  day. Flaw gradually declined a t  
each station during the balance of the stucty period (Table 9).  

Using the f l a w  measuraaents oollectsd uver the previaus three days a 
k y d m p q h w a s ~ a n d t h e b a s e f l w w a s e s t i r m a t e d .  !mebase 
f l w v a l u e w a s a s a r m e d t o b e ~ o v e r t h e s t u d y p e r i o d a n l w a s  
s u b t r a C t e d f r c m t h e t o t a l ~ l ~ i n g t h e r P s p a P r s e 0 f t h e  
system t o  t h e  r a in  event and 1 Y k I j t i d  flow prwiaea by the 
sprinkler system. In this base flw is a ambination of 
surface am3 subsurface runoff while the shorter term event was 
assumdtobemadeupoftherainevmtwhichamlrr#1onMay28, 
1986 and the water passing the sprinkler system durirq the 
early lll~rning haus of June 3, 1986 (Figure 7 )  . 

Variability betuw~ statim ms aesess& us- a one way ZINCNA for 
unequal sanple sizes Model II (Sakal atd Rrshlf, 1969) . Model 11 
ANOVA w a s  chosen because the study did not mist of fix& 
treatments and because a t  station only partly 
umkr the authors' Wl. Pre calailation s h e b  used to generate 
t h e s t a t i s t i c s a r e i n c l u d e d i n t h e ~ .  

The f i r s t  of t h e  n u t r i e n t  parameters measured w a s  Total 
Kjeldahl-Nitrugen (TKN) . TKN is defined as the am! of fme-ammia 
an3 organic nitrogen mqxamk, swb as, amain0 acids, pmteins and 
peptides coslverted to  d u m  sulfate (NH4)2S04 (EFA, 1983) . Ihe 
data preserrted in Wle 10 mgxms the mean values of the oamtpsited 
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FIGURE 7 DISCHARGE FROM OUTLET 
CRANBERRY BOG AT STATION B 
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No significant difference was fami between gmrrps at the 5 perpent 
level with F, = 1.65 w h m  F O 5  [2,5] = 5.79. An estimation of 
the varianoe OaQam-b fmm &se statiocls irrlicates .that there was 
rmare variatim w i t h i n  stati~ls. Figure 8 a -tic decline 
in TICN levels at Stations A arrl B while at the outlet of the fresh 
w a t e r  -and, Sta t i~1  D, IXN levlels slightly. ! L b  nust 
likely explamtim for the declines exhibited at Stations A and B 
b e i n g t h e ~ c m 0 f I N t r h H t p o a r ~ t e r t o t h e ~ P o a r l  
an3 x e w d  runoff to the outlet stremu aPter the sprinmer system 
was turned off. Ihe differences seen at Station D m l y  reflect 
m l e  variability. 

A ~cllparisoa of the ather W farms of nitsogrrn ammb (MI3) and 
nitrate  NO^-) at the thme mths shaJlad mixad W t s  (Table 
11) . 
IhemeancOBlDentrationof~was64pexuenthigherattheartlet 
of the bog than at Station A ard 80 pement higher than the d h h r g e  
fmm the fresh water W a n d .  Nitrate cmomtrations at Station B 
were 70 percent hi* than Station D. Siqle classification AN(XTAgs 



with unequal samples sizes establiil;hed no smioant differ~3laes in 
( L I I I I P D ~ ~ ~  or nitrate nitrogea bebmm sbtbm w i t h  Qlarlaed Fs 
values of 3.75 0.85 m v e l y .  %hi61 ftrfing was dhappointing 
sime the histogramns Fig tms  9 am3 10 clearly mhxt~ Uxge diffemmas 
in the ammia lenrels the statiars. I)raaa diffemmes are 
a ~ t o m s i d u a l f e r t i l i t s r b e i n g d b c h q p d f m u t h e b o g .  The 
amnmra oonoentrati~16 far statials B asrd D - to 
~ t e d n ~ ~ ~ ~ ~ a r m n ~ ~ a ~ t h e t ~ ~  
mam. F statistic of 7.98 was fcmrd to be o l m y  belaw the F 
.05 of 10.U. A pmcx&m Rnrs)Q1 -Wallis tsst (Sakal 
andlthlf, 1969) was also mplayedarthis&ta#t .  Xn-Kruskal - -is test the &ties are fixst rarrked fmm m e s t  to largest 
Wi~eacbvBTiatebeingass igmdarraaricdlval~~equalto i ts fxank 
from low to high values. The original data table is then 

by replac- the &ta value with its rank am3 an W1 
s t a t i s t i c c a l a i l a t e d ~ i s ~ ~ t D a C h i v a l u e  (Sdcaland 
Ibhlf, 1969). The d t s  inliOate no significant differenoes in 
mmurria or nitrogen levels bebeen the thee statiocls. The strencJth 
of the data set was ueakemd by the law muter of q l e s  and the 
large varianoes &sewed at  S t a t i a ~  B. 



FIGURE 8 CRANBERRY BOG INPUT STUDY 
TOTAL KJELDAHL NITROGEN TKN-N (mg/l) 
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FIGURE 9 CRANBERRY BOG INPUT STUDY 
AMMONIA NH3-N (mg/ l )  

JUNE 2 - 5 1986 
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FIGURE 1 0  CRANBERRY BOG INPUT STUDY 
NITRATE NITROGEN N 0 3 - N  (mg/l) 

JUNE 2 - 5 1986 , 

STATION 

LEGEND 



- 
X = Mean S = Standard Deviation CV = Coefficient of variation 
- -  - No mta [ ] = KUplicate Split 

The WLUS series of data for this s b d y  period is presented in Table 
12 and its canpanion histogram Figure 11. Highly significant differences 
in the total phosFhorus lwels - fam3 bebeen Stations F = 38.75 
FaOQ1 [ 2 , 5 ]  = 37.12. Fhosphorus levels also exhibited less gY to day 
varlabllity within each station. An estimation of the variability 
c~np~nents established that 92% of the variation o m m d  between stations 
and only 8% w i t h i n  a station. Significanoe at the .05 lwel was also 
found for total caLoentratims F = 11.72, F O 5  [1,3]  = 
10.13. The June data establishes th. cranbwqsbog as export& of d a  
and phosphorus as a mt of this agricultural practioe. 

Figure 12 presents all of the man ampo6ite values for the nitrugen 
series at each station dur* the June study period. Ihe data while 
showing considerable variability does establish the bog and wetlands as 
qmrtens of various fornrs of nitrugen durirrg periods of active dischaqe. 



TwXm PmmEcmE (WP) AND - (Fo -P) 
l Y i T A R R T H E ~ J l N E 2 ,  l.986--5, 146 

- 
x = Mean S = Stamhrd Deviaticm cv = Coefficient of variaticm - = No Data [ ] = mlicate Split 



FIGURE 1 1  CRANBERRY BOG INPUT 
TOTAL AND ORTHOPHOSPHORUS DATA (mg/l) 

JUNE 2 - 5 1986 

STUDY 

LEGEND 

P O - 4  DATA FOR 6/2-6/3 NOT COLLECTED 



FIGURE 1 2  CRANBERRY BOG INPUT STUDY 
NITROGEN SERIES DATA TKN-N, NH3-N,  NOS-N,  (mg/ l )  

JUNE 2 - 5 1986 

LEGEND 



On June 4 ,  1986, sampling was conducted f o r  a q u a t i c  
marrainvertebrates a t  the artlet of the 1- bog and w i t h i n  two 
ceomPrrt_ further further. A t  the time of simpling, Segue& #3 
(Figures 5 and 6) was a well defined channel flawing be!been the 
raised mts bear- the QarS#rry plants, as w e l l  as, a few riparian 
plant species. Ihe dmnnel battom was pedanhitely sancty to  rmcJcy 
s u b s t r a t e d e n s e l y ~ w i t h ~ M S C U l ~ ~ p l a n t s a n d e a n e r g e n t  
species along the maxyins. Plese includsd mcmcamon 
(cranberry) , potamoaeton sp. (pondweeds) , u t r i c &  . . 

SP 
~ o d n ~ l l m  sp. (mtemdlfoils), cvDerus sp. (unhmlh sedges), and 

sGizE3E sxE&ms (-1grass) 

Ihe marrainvertebrates frun this segment m nasmably alxzndant, 
krt nut indicative of a particularly diverse ammunity (Table 13). 
segments #2, and further danrstream segmnt #I, physically resembled 
f i r s t  or sec#nd order wouXland streanrs. Substrates varied fram mu& 
to gravel w i t h i n  each segment. Camgy cuverage over these segment 
was estbted a t  90 to 100%. In  such streams allochthanaus carbon 
loading in the form of leaf litter usually supports a amunity of 
shredders, or organislns adapted to utilizing coarse particulate 
oqanic matter (CFXX). Isapods whic f i  are shredders - present i n  
both segmnts W not in akndance. T h i s  was particularly aplparent 
in leaf packs snagged a t  mris or bends i n  the stream. 

l[he ahm%nce of macroinvertebrates i n  the cranberry bog channel 
segment #3  was surprisixq given an anticipated decline due to 
exposum due to pesticides. Scarcity of benthic fauna damdxeam 
while mexpc td  can be wlained by manipllatiom in flaw due to 
agricultual practices. Spealation as to iniluenos exerted by 
transport of pesticides t o  drxJnstream sites can nut be evaluated 
given the limited amamt of data and the aforesaentioned variability 
i n  flow regimes exprienoed by these benthic paplatiom. 



Habitat Types: CS =Channel Substrates 
M = Stream Margins 
V = Variaus 

segmrk 1: N i n e t y  metexs long fram a point abave to head of the 
bay road. 

Segment 3: M t y  meters long frcra dirt mad east to junction of side dimes. 



Ihe seccd survey was ocp.lducted in Octaber 1986. 'Ibis time period was 
selected because it coincided w i t h  the harvest. 

Beginning in the l a t e  19608s, the harvesting of cranberries i n  
~ s h i f t s d f r o m a d r y h a r v e s t p m o e s s t o t h e w e t h a r v e s t m s t h o d  
(Norton, 1982). In  this method the bogs are flooded to a degth of sacral 

abcnre the highest Vines and a amodified ahboat 
e q l i p p d w i t h b e a t e r b a r i s p a s s e d ~ M e v i n e s ~ s t r i p p i n g t h e  
berries off the Vines. Ihe berries flat to the surface and are then 
curralled w i t h  floatable beans befare being loaded onto tzucks. Over 75 
perPent of the state's * Qnp is naJ harms&d in this manrrer (SCS, 
1987). 

H a r v e 9 t i 3 g b e g a n i n t h e u p p e r G a r l a n d b o g s i n t h e l a s t w e e k o f ~  
and wntmued a t  a five acre per day pace the of Octc&r 15, 
1986, when hamesting w a s  cmpleted. 

On October 20th the secolld rud of sartpling was initiated under 
substantially different field OOnditiuns. Ihe amer had decided not 
to  release the flood waters dawnstream h t  maintain flood m t i o n s  
for several additional weeb before pump- the waters back the 
reservoirs. Time amstmhk prwented rescheduling the sanple 
period and a decision was made to sample the same three stations as 
fhey existed. The situation was in-effect the sanpling of three -. Climatological OCPditims were also different w i t h  
maxinum and minimrm terperatures averaghq five and ten deg F cooler 
than during the June period. Precipitation was not a factor with 
cnly a trace of rain reported on June 23rd. In general, the weather 
d d  be described as clear and surmy w i t h  light winds and a nuderate 
~ t r e n d 0 0 ~ ~ 1 1 : i n g o v e r t h e t h m e Q y s t u d y p e r i o d .  

5.2.2 Water Chanistry 

Several imprwenmts were made to the -ling regime fran the 
previcms study period. First the flood& OOCditiom all- the IS03 
intake pmbes to be in the water column a t  each site 0.3 m 
(1 ft) &an the battam. Seoad and mare significant was the use of 
t w o  Is00 Units a t  each of the thme sites. After reviewing the 
procedures employed during the  f i r s t  round of sampling the 
possibility of trues oartarmination between saxples d d  not be ruled 
aut as a possible explanatim for the wide variability exhibited in 
scrneoftheparrrmeters. IhefirststepwastouseSeparateIsm 
units a t  eacfi station for the collection of nutrient and physical 
chemistry sample. The l a s t  change was the  addition of two 
-, (specific -vity and Morides) to the suite of 
B. In a l l  other sanpling was ccmbzbd in the 
sane manner as the June period w i t h  thrice daily measurements of 
tarperam, pH and dissolved 0x)qeJl levels and daily grab s~lples 
for total iron and hardness a t  each station. 



Rrrm the fall survey the flw reg* at S t a m  (B and D) - 
completely diffemnt. In the aase of Station D there was no 
d i n r h ; r r r F e ~ ~ ~ t o t h e l ~ ~ B o g a n d o a r s e q u e P l t l y n o  
nmmmnmb were taken. A t  Statian B a series of woa3 planks had 
been plaoed in the autlet to Pakrtain a floo&d aondition 
t h e r e b y ~ i n g t h e ~ t o l ~ .  S i n o e ~ f l a w w a s s t i l l  
m i r q  a flw Station was established arrrre 6 m (20 
feet )  Test and Chmkmam of the attlet stsuch;lre. In oxder to 
abtainaflawnmsmnmt, thestreamwasNIlrowedtoawidthof20 
can (8 in . )  wi- Mlld and rotks. 21re &qth of the d'lararel varied 

6 and 10 an (0.2 and 0.3 feet). Five velocity 
~ t a k f n h ? o m t h e o e z r t e r o f t h e c h a r n e l a n d t h e m e a n v e l ~ ~ i ~ w a s  
then nultiplied by the - to determine the dbdmge (Table 14).  
IMrm each of the sanple oo11ecti0~ls poeerrtial sarroes of flaw to 
t h e  1- bog - inspected atld in no case was a significant 
dinrfr;rme noted. 

SEfl'TON B OCllOBER 20 - OCIOBER 23, 1986 F'ALL VEY 

Oct. 22, 1986 1145 



I m e m s u l t s ~ i h n r i n g t h e f a l l ~ e x b i b i t e d m a r k s d ~  
in water quality frrrm what was a b e m d  in Jbm. T h e  crverall apean 
for all ampsite 'I%N samples was 52 ymmt 1- (0.35/0.67) in 
October. Ammonia and nitrate (NH3 and  NO^-) oorvlentratiars 
also Mined.  

~ B O G I N E V T S N D Y  

OOMP- OF MEAN cxNcmmmm FOR SOLE6 (TS, TSS, T E )  - (l"KN, MI3 , NO3) = ( W l )  

June 2-5. 1986 -6 

Concentrations of total solids and tatal dissolved solids wem 
mspectively 26 and 59 peroent higher than in the June -. 
While TKN, MI3 and NO3 levels declined 32, 76 and 79 m t .  

Single classificaticm AN(X;rADs us- Model I1 equal size classes 
showed highly significant differenoes in nW levels bebeen all 
stations F = 15.95**, FeO1 [2,6] = 10.92. 

Statistical tests rn the amnmia levels m hanpered by values 
reported by the laboratory as less than -091 limits (<) and did 
not show significant cliffemnoes between statims F = .92. F.05 
[2,6] 5.14 

Nitrate levels w~?re  uniformly lad at all statims w i t h  a rn of 0.09 
ny/$ the W t s  are depicted in (paph form along w i t h  TKN and 
MI3 lwels (see F i w  13). 

The most striking difference was found in the total and 
orthophosphorus data. Table 16 presents the mean, stardard 
deviations, range and cv of the &served TP and ~ 0 4 '  data at each 
statian d u r i g  the fall sarmplirrg period 10/20-i0/23, 1986. 



FIGURE 1 3  CRANBERRY. BOG INPUT STUDY 
NITROGEN SERIES DATA TKN-N, NH3-N, N03-N,  (mg/l) 

OCT 20 - 23 1986 

LEGEND 



Single AWWi calculati- of TP mars betmeen statiocrs sham3 a 
highly significant differexme at the 001 pement level (F = 268*** 
F. 001 [2,6] = 27) . Similar 1- - mported by the State of 
WiscarSin in an laplblishad sta&y of flood wa- frrrn WiS0arsi.n bogs 
k b r e  levels rarrged 0.0059 and 0.331 w1 F. Figum 14 
displays the mean -ti- of total and a t  eacfi 
statian during the October sanpling period. 

- 
X = Mean S = Standard Deviation CV = Ooefficient of Variation 

icide in sediments 5.2.5 

A s  described in p r w i ~ u s  sectims, gbtained fran three 
sites w e r e  analyzed f o r  a su i t e  of pesticide and herbicide 
oapunds. I n i ~ t i Q 1  describing ckgmdatian pattrways of parent 
capam% and their netabolites was gbtained fran several sames, 
(Khan, e t  al ,  1975, Matsumura, Klaassen, 1986 and personal 
rrmrunieations w i t h  John Clark and Paul GU6seli .n).  

Rixathion, weal name: 0 , W e t h y l  0-P-ni-1 Fhosphoriate, 
has  during t h e  l a s t  decade become the most widely used 

insecticide (rm#;r and Faust, 1972 and K1- et 
al., 1986). Rcathim is widely used in the c m r b r r y  gmwing 
i r i h t r y  (EPA, 1978; Uhss Wi. Ext. Bull., 1985) . 
Its use is str ict ly regulated mier prwisims of the Massachusetts 
Pesticide control Act. Parathion is m y  applied several times 
wer the cause of the gm&q seasm for a range of insect pest. 
EPA requirements plblished by the Cm&erry Experiment Station and 



FIGURE 1 4  CRANBERRY. BOG INPUT STUDY 
TOTAL AND ORTHOPHOSPHORUS DATA (mg/l) 

OCT 2 0  - 23 1986 

.80 - 

STAT A 

LEGEND 

rn TP-P 



-eve w i c m  Servioe incl- a maxbm actual -cant level 
of one pamd per acre or legs, rrestricting  haw^& to least 15 days 
after the last application. 

The insecticide chlorpyrifos, chemical name: 0,O-Diethyl 
0-(3,5,6-trimoro-2miCtyl)-atP, triide name =BAN is 
reoarmended for use as a foliar irrSeCtici.de to omtml infestations 
of fireklom, cutwoms, sparVarrothis fruitwmms, army worm and ather 
boring insects (Farm Chemicals Handboak, 1984). ?tJo r q o r t d  
applications at rates of pints per acre via aerial spray durhg 
the summer of 1985 were reported (Remmal Ccuuunication, David 
-1 

Uiloxpyrifus was fand to mute fmn the gas-liquid drmaograph 
with the parathion metabolite paroxon (Fersanal -catim, 
Matthew Brooks analyst). Confirmation of the presence of 
chlorpyrifos was made by thermionic detection and by gas 
cbmmtap&has spectrrraneter (=/IS mcility, College of Food and 
N a M  -, Mass. Agric. we Station, Univ. of Mass-Jmbrst, 
lhomas Mzter, Director). Uilarpyrifos was mt mmvemd at either 
of the ather two statiuns ( W l e  18). 

The herbicide glyphosate U c a l  name: isopropylamine salt of 
N-(pbaslhanomethy1)glycine is widely used to -1 a wide range of 
annual and pemmbl grasses and broad-leaf weeds. A foliarapplied 
herbicide, it is translocated the plant to the roots (Farm 
Qlanicals Harrlmm)c, 1984). Applicatio~s - lDade t h y @ m t  both 
wmmers by wipirq the platrts (FWscnal Ckanmmcaticm, D. 
Mann). The herbicide glyphosate and its primary metabolite 
-1 @mqhcdc acid (AMEA) - mcwwxd at Station B, the 
met of active bog. Cbnfirmaticm of positive saslples was by 
gas liquid cbmmtapaphy utilizing an esterificaticm aml acyllation 
pmoess. lrable 18 sumarizes the msults fnrm the 43ree stations. 

Residues of the remaining compounds, diazinon, diazoxon and 
dichlabenil wlere not reoavered at any of the stations. 

On March 23, 1987 a final r m m i  of -ling was s&eduled to coincide with 
the height of the spring m f f  period. Ihe collection pruvided a 
comparison of nutrient OOPlcentratiuns during a period of high flaw. 



TABLE 17 

Methyl Parathion 
Parathion 
Paraoxon 
Amino Parathion 
wi-1 

** Coelutes w i t h  chlorpyrifos 

C 
Methyl Parathion 
Parathion 
Paraoxon 
Amino Parathion 
wi-1 
P-1 

Memy1 Parathion Ne4J 78+/-2 25 
Parathian Neg 66+/-4 61 
Paraoxon rJeS 22+/-5 770 
A~nino Parathion Neg  71+/1 263 
Hi-1 Neg 85+/-3 20 
P-1 Neg 88+/13 3439 

* Comected detection limits refers to the divisian of imbmmt detection 
by spike m e r y  (i.e. i f  the hstmmnt detecticx~ l i m i t  was  5 pgh and the 
spike re~~verywas 50% the--- limit wmld be 510.5 = 10 
pgh* 



Chlorpyrifos 

Chlorpyrifos 

* Corrected D e t e c t i o n  Limit = Refers to the division of issltnrment detection 
by spike -cry (i.e. i f  the h s h m m t  detection unit w a s  5 ppb and the 
spike recwerywas 50% then the detaztion limit wmld be 5/O.5 = 

10 ppb. 



Pos 
Pos 

Neg 
Neg 

Neg 
Neg 

* Corrected detection limit refers to the division of insbmmt detection by 
spike rawvery (Le. if the imtmmrk detection limit was 5 @ and the 
spike rawvery was 50% the oorrected detection limit caild be 5/0.5 = 
10 ppb. 

- Nut f&. 



Sanpling was limited to the wllection of three m k c h t  r e p l i o t e s  at 
Station B. F l a s  a t  the time of -1- were estimated to be 3.9 cfs. 
Ihe data set for the Max-& wllection is reprkd in Table 20. AtKWA 
calmlati- for m m i a  (MI -N) and total ptrosphonrs (TFP) weighted to 
f l m W m r - a I t h e b 8 6 ,  RIIl86dm87data-• 
Differrsloes in ammda cumenhati- were f a  to be not significant a t  
the F.05 [2,4] = 8.94 Fs = 6.78, imdmer a diffarenoes in trrtal 
pbqhoms were f m  to be w y  dgdfirant F .001 [2,4] = 61.25 Fs = 
86.73. Figures 15 and 16 pmsmt the ~ r m # r a t i v e m  ~~ in 
t h e n i t m g e n s e r i e s a r d ~ ~ f o r t h e 3 s a m p l i r q p e r i o d s .  

Meteomlogical data reported in  Table 21 wem abtained fran t w o  NQAZi 
weatherr s t a t i o c ~ s  closest to the stucty area. Pie first station is located 
a t  the Cmdmxy E3priment Station i n  West Wardmu, WA at latitub 41'46' 
N, longitude 70' 40, W. !the station is part of the National Qaperative 
Weather Service Network (NCWSN) and cprated by the University of 
~~ S&ool of Agricul-. Ihe station located m q h l y  6 km (3 
miles) & of the site served as the principal referenoe for 
metemlogical oonditians durhq the study. m i p i t a t i o n  is presented as 
24 haxr tu ta ls ,  midnight to midnight. 

-intion rates are recorded at  a seoond station located in 
Fbch&er, MA a t  latitude 41' 47, min N, laqitude 70' 55 m i n  W. Spatial 
cliff- in rates of evapatransphtion were assumed to be negligible. 

Figwe 17 prwides sune insight into the mlatioplships bebeen the hydrological 
Conditms, agricultural practioes and nutrient OQlOentratims m e d  a t  the 
three stat icms dur- the June 1986 sampling period. A t  Station A nutrient 
leve ls  f o r  a l l  (aW, MI3*, NO3+?, TP-PI and PO -P) declined 
wer the three day period as the par]. was mdnqed with ref atively poor 
nutrient grand water. A t  Station B the unit shows the of 
the system to the activation of the sprinkler system follumd by a sharp 
decline to base f l ow  O O S l C Z i t i ~ .  A s  water fmu the sprinkler system saturated 
the planted areas of the  bog it pick& up the mamhined axmnia and 
phosphorus. The resulting runoff was then e&kd to the existing base flow. AS 
the runoff fmm the planted areas M i n e d  ammlia ard arganic ni- 1ms 
also declined. The reasms far the hcmse in nitrates is not clear but m y  
reflect n i t r i f i c a t i o n  within the stream channels in response t o  the  

of ammnia from the vegetated mats. Flaw a t  Station D declined 
steadily over the three day nmitorirrg period leading to the aoplclusiun t h t  
rainfall  had a negligible WZL- on the discfiarge hPm the wetland. e c  
nitrogen as by the TKN-N asmdxatioclfi and mrmania exhibited little 
variation while a sharp decline in nitrate oaw#ntratia~ls was not associated 
withanyab6emedevents. T o t a l a n d ~ ~ t i a n s r e r o a i n e d  
sbady an3 held an -te position between the rnrtrient poor waters of 
the North Rml and tAe elevated amentratiarrj exitixq the bog. 



X =mean 
SD = standard deviation 
S/X= coefficient of variation - = N o t  calculated 



FIGURE 1 5  CRANBERRY BOG INPUT STUDY 
NITROGEN SERIES DATA TKN-N, NH3-N,  N 0 3 - N  (mg/ l )  

STATION B JUNE 1986, OCT 1986, MAR 19'87 
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TKN-N 
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FIGURE 16 CRANBERRY. BOG I N P U T  STUDY 
PHOSPHORUS SERIES DATA TP-P, P 0 4 - P  (mg/l) 

STATION B JUNE 1986, OCT 1986, MAR 1987 

JUNE 1986 OCT 1986 MAR 1987 

LEGEND 

TP-P 









aata cbtahed from the bm cloeest weather s t a t h m  (Table 21) r q o r b d  
rainfall averaged less than 0.15 an per day (0.06 h) ch&q the (8) day 
period 5/29/86 - 6/5/86. LB- ch&q the time period 
averaged 0.56 cm per day (0.22 h). aUe data clearly establishes the 
a g r i a i L M  pnactioes elplayed cBtring the sonitaring period as the salme of 
t h e  rutrients in the tailwaters b a d q  the bog. Zhe mmlts 
mined  during the fall sanpling period dhphpd  mmhd diff- i n  
n u t r i e n t  concentrations when campard wkh  the June results. Mean 
OQlcentzatFrxls of aqanic nitmgen, a m m h  and nitsate at  all W statims 
were respectively 50, 64 and 62 percant 1- abemed in June. 
Olonoerrtrati~~ls of the hmpinic nitzugen farms ch&q the fall -ling 
m y  the s;mu? at  all statdms. S i m e  the last rrgplicatim of 
fertilizer - in early septabx (David m, pm3alal oc5micatian) the 
low lwels r e f l e c t  t h e  high assimilative nitsificatim -. Mean 
~ t i u r l s o f t r r t a l a n d ~ t h e ~ ~ ~ w i t h i n  
the kektle (Statim A). Zhe hzmme reflects the additive satroes of 
cleaxpsing vegetatim within the wetlm. 

~ O P J  JUNE 2-5. 1986 20-23. 1986 

A t  Statim B tatal and o- OQlcJentratims hcmased 79 percent uver 
the elevated levels f u n d  i n  June. Ihe likely sanmes of the @IO@IO~US are 
fmm unassimilated fe r t i l i zer  applications in the sedimnts ard 
phosphorus released by damaged fruit and leaf litter. 3he mechmkm is the 
liberating of the ocnplexed Fho@Kms into the mter oolumn the 
flooding of the bogs. 

Severa l  s t u d i e s  (Deubert, 1974; Whittaker, 1980) point t o  elevated 
OOPlOentratims of phosFhoIus in cranberry d i s d E q 2  waters when cxxqxmd to 
backgmml omlitims. measumd the mean ancdxaticns of mtes 
along a 250 foot length of narJ3erry bog drainage ditch and faard over an order 
of magni- decline (0.256 p p  - 0.024 w). Whittaker ewmined water quality 
in nearby Wte Island Pond in Plymxrth, and mporkd elevated 
l eve l so f  t a t a l p h o s p h o r ~ ~ i n t h e a R 1 e t s o f ~ b q s d I a M n g i n t o t h e  
p a d w h e n c x x q x m d t o t h e p h o s p h o r u s l e ! v e l s ~ i n g m u n d w a t e r w e l l s a r d  
from crther stations w i t h i n  the pard. Zhe of Natural F&smmes in 
W-in has cm%ctd a mm&r of strdies (uqablished) on the rnrtrient of 
cranberry marsh mters ( K a m t h  Sdudber, W i s 0 a p . l s i . n  INR, persanal 
cumnmication) . In 1971 and 1972 (M, q y b l i s h e d  report, 1974) ampred 
nutrient -tias frcm 5 individual bogs d w h ~  the f a l l  harvest and 
winter flood release periods. Nutrient ~ t i a - s  ranging fmm 0.18 to 
0.46 kg/ha total P. 0.012 to 0.05 kq/ha NO3+ and 0.011 t o  0.09 kg/ha MI3+ 
wlere noted with the highest lwels asociated w i t h  the winter flood release. 
T h e  author concluded that rnrtrient losses fran ambeny opezations did occur 



Fl GURE 1 7 Flow Volumes vs Nutrient Concentrotion 
June 205,1989 
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krt amld rrot d u d e  that dqm%tion of wa- had ocmrmd. 
A n o t h e r ~ l ~ s t u d y i n c r a r r b e r r y b o g a p e r a t i r l l l s i n ~ P n a r i e r L a k e  

of wisoclllsin (mltbey, mst ard Ibnrad, 1982) had as are of its 
objectives the detenminatim of the avexqe d b d x q e  of @ m q b n ~ ~  fmm five 
individual beds. Influent avr?raged 0.06 nq/l and effluent 
w t i c n s  averaged 0.14 mq/l with a mqe of (0.059 - 0.331 Wl). 

lsta oollected by ( G i l ,  1986) as park of the Bmazds Bay Prograsn ampi led  
mter quality data fmm the axtlet of the mm bog (Station B) and fmm the 
axtlets of bm crther bogs located an the ODd side of Bay. 'Ihe data 
set while -1ete s;twkJled a ckgme of seasmality in mtrhk axmmtraticms 
(Figures 18 ard 19). l be  mtdmt peaks occur in the and fall 
oollection periods whicfi also with periods of hzmasd flw and 
active agriarltuml lpanaganent --. Ridm&m ard I&i&mll (1986) 
repoat that in a fen peatlard by sp. mt 81 pemmt of the 
plant starage u n k r  high fertilizer appliaatiars resided within the mub ard 
r h i m .  A fivefold inrr?ease in P flw to W e  \rlater m l u m  was noted during 
seasmal dieback ard lea- of P fmu abwe grand standing plant material on 
high fertilized plots. 

Using the base flaw, mean flaw, and peak dh&mges meastmd during the 
June 1986 sanpling period estimates of the lodxq rates of the inorganic 
nutrients (NO3+, NH3-N, TP-P and PO4-P) were calculated (see W l e  
23). 



FIGURE 1 8  CRANBERRY BOG INPUT STUDY 
NITROGEN SERIES DATA TKN-N, N H 3 - N ,  NOS-N (mg/l) 

STATION B MAY 1 9 8 5 ,  JUNE 1 9 8 5 ,  JUNE 1 9 8 6 ,  OCT 1 9 8 6 ,  MAR 1987 
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FIGURE 1 9  CRANBERRY BOG INPUT STUDY 
PHOSPHORUS SERIES DATA TP-P,  P 0 4 - P  (mg/l) 

STATION €3 MAY 1 9 8 5 ,  JUNE 1 9 8 5 ,  JUNE 1986, OCT 1986, MAR 1 9 8 7  

MAY 1985 JUNE 1 9 8 6  MAR 1 9 8 7  
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TABLE 23 

BASE FLCIW 0.93 cfs 

0.93 cfs x 0.646 mgd x 8.34 lb6igal. 

HIGH FLLlW 3.45 cfs 

3.45 cis X 0.646 ng=l X 8.34 -/gal. 

X 0.25 w 1  NH3+ = 
1.25 lb6 per day 

X 0.43 mSI/1 NO3+ = 
2.15 lhs per day 

X 0.12 mg/l TP-P = 
0.60 lb6 per day 

X 0.08 mg/l Po4-P = 
0.40 lb6 per day 

X 0.25 mg/1 MI3+? = 
2.20 lb6 per day 

X 0.43 mg/l NO3+ = 
1.05 lb6 per day 

X 0.12 mg/l TP-P = 
3.78 Ibs per day 

X 0.08 mg/l Po4-P = 
0.70 lb6 per day 

X 0.25 mg/l MI3+ = 
4.65 lb6 per day 

X 0.43 mg/l NO3+? = 
7.99 lb6 per day 

X 0.12 mg/l TP-P = 
2.33 lb6 per day 

X 0.08 mq/l Po4-P = 
1.48 lb6 per day 

Dividkj the loadirrg rates by the acreage (33) fol ladq estimates for 
t&al and w e r e  abtahd. 

mean discharge TP-P = 0.03 -/acre Po4-P = 0.02 lb6/acre 

high flm TP-P = 0.07 -/acre Po4-P = 0.04 -/acre 

These values - fd to ocrrpare well w i t h  the results in the mpubllished 
study by (Maltbey, l lmst and Kmrad, 1982), bho mported a range of 0.816 - 
0.009 U / a m  of -rus exported from 4 individual bogs. 



Ada i lymassba lanoe  f a r p h o q h m s w a s & v e l ~ f o r ~ l a k l l e r y . e ~ u s i n g  
the data v t e d  during the June 2-5, 1986 wnvley period for peak arrl mean 
flQW. 

Icmer Nye Rag = 33 m, Nye Ibeses\loix pmp activated for 6 harrs 6/2 2400 to 
6/3 0600 hrs. Amg capacity 2000 gaYmin gal applied Uxuqh the sprinkler 
system. Tbtal @m@mms -tim in Nye m i r  water 0.08 mg/l 
(m: David Ehnn, IEP, 1986). 

Rmd = U acms f l a m  irrto lakller Nye Bcq. Plw nmasmed on 6/3/86 at 
lU.0 hrs = 0.48 cfs. !tbbl phoqhms o a m d x a ~  0.06 w1. 
1 cfs = 646,317 gall- per day 

Base Flaw Sprinkler 
systan 

Benmtts 
Rmd 
D- 

646,317 gal/day/cfs 
x 1.28 cfs 

646,317 gal/day/cfs 
x 0.48 cfs 

827,286 gallday 720,000 gal 310,232 @/day 
x 3.785 liters/@ x 3.785 litersigal 

720,000 gal 
x 3.785 lim/cal 

3,131,277 liters 2,725,200 liters 1,174,228 liters 
x 0.12 x~/1 P x 0.08 nq/l P x 0.06nq/l P 

376 grams of P 218 grams of P 70 grams of P 
x 0.0022 lbs/gr x 0.0022 -/gr x 0.0022 lbs/gr 

0.83 lbs P/acre/day 0.48 Ibr; P/acre/day 0.16 lb6 P/a- 

Sumh'q the total h g u t s  = 0.83 + 0.48 + 0.16 + 2.6 lb6 of P 

= 4.07 -/acre of bog cmvert& to scientific units  = 

4.07 lb6/2.2 -/kg = 1.85 kg x 0.4047 C~CL~S- = 0.75 l q h a  



= 1.3 flajs into 1- ?lye &g. F1m masumd ar 6/3/86 at 
1110 hrs = 0.48 cfs. Total pbqbms -ti.cx~ 0.06 Wl. 

1 cfs = 646,317 gall- per day 

Base Flaw Sprinkler 
system 

646,317 gal/day/cfs 
x 1.28 cfs 

646,317 gal/day/cfs 
x 0.48 cfs 

827,286 gal/day 720,000 gal 310,232 gallday 
x 3.785 litersigal x 3.785 litersigal 

720,000 gal 
x 3.785 litershal 

3,131,277 liters 2,725,200 liters 1,174,228 liters 
x 0.12 mg/l P x 0.08 lug1 P x 0.06lug1 P 

376 grams of P 218 grams of P 70 grams of P 
x 0.0022 W/gr x 0.0022 -/gr x 0.0022 lb6/gr 

0.83 lb6 P/acre/day 0.48 Ihs P/acre/&y 0.16 lb6 P/acre 

Sumuh3 the btal  h p b  = 0.83 + 0.48 + 0.16 + 2.6 lb6 of P 

= 4.07 -/acre of bog oornrerted to scientific units = 

4.07 lbs/2.2 -/kg = 1.85 )ql x 0.4047 -/hectare = 0.75 kq/ha 



64 6,3 17 gal/day/cfs 646,317 gal/day/cfs 646,317 gal 
x 3.45 cfs x 1.63 cfs x 0.93 cfs 

2,229,794 gallday 1,053,497 gallday 601,075 gal 
x 3.785 liters/@ x 3.785 litersigal x 3.785 liters 

8,439,769 liters 3,987,485 liters 2,275,068 
x 0.12 lug1 P x 0.12 H g / l  P x 0.12 mg 

converted t o  sc ien t i f i c  units = 2.33 lbs/2.2 Ibsm = 1.06 3q x .4047 
acres/hectare = 0.43 kg/ha. 1.05 lbs/2.2 Ibsm = 0.48 3q x 0.4047 
acresfiectare = 0.19 )og/ha and 0.60 -/2.2 lb6/2.2 Ibs/kg = 0.27 kg x 0.4047 
acres- = 0.11 lq/ha. These rates of export are also canparable with the 
unpublished estimates canpiled by (Schreiber, 1987) i n  W i s c o l l s i n  where the 
rates of export durirrg the spring and f a l l  frrm 11 individual bogs q e d  
between 0.07 and 0.91 kg/ha. 

Ihe total available #mspbrus  loading to the 1- bog of 0.75 m/ha is 
cmsidered to be a liberal estimate since it assumes no assimilation w i t h i n  the 
bog and no lose of inflow due to emptmnqiration. A sumnation of the 
esthted input flows neasumd during the 6/2 - 6/3 time period: 

1.28 c f s  Base f low 
0.48 c f s  Bennetts Pwld dhcharge 
1.11 c f s  Resenmir/Sprinkler 
2.87 c f s  

Arxxxlnts for  83 percent (2.87/3.45) of the measured peak flow indicating that 
evapotransphtion may not have been a significant factor. lhe excess is 
attrikrted to -ter disc=harge to the di- and smapling error. 

The d t s  indicate that between 15 and 57 percent of the phcqhoms applied 
during this period was exported c u t  to the zmeivirrg waters. Barry and Simnon~ 
(1982) i n  t h e i r  study on wa- nutrient f low in an upland-peatland 
watershed reported that nutrient aport w a s  apploximately pmprtional to the 
amount of stmam flow. V a l i e l a  and Costa (1988) report that the Wlttermilk Bay 
watershed is exposed to amsiderable mtrient loading frm different soums. 
Agricultural sarces (primarily cranberry bogs) are estimakd to accuunt for  32 
percent of the total annual phosphorus 1- and 6.7 percent of the nitrogen 
to Buttemilk my. Concentrations of nutrients W to range higher in near 
shore waters. Seasondl variation in nutrient amcmtrations in the near shore 



Pie rewvwy of glyhusate arrd its raretabolite 3mghly 3 aarths sfter its last 
mprbd application is w i t h i n  the range mprbd by Rae and Davidsm (1979) 
umkr lnhara+rW axditi~~ls. 

The of diLonpyrifos i n  the s d n m b  marly sixteen BDonths after the 
last mprbd m l i c a t i o n  is unexplained. @Ihe gmkler m p r t d  two aerial 
applicatiacls in 1985 a t  the rate of 3 p h ~ t s / ~ ~ ~ r e ,  the last omlrrhq on 
7/28/85. Ydrplysis in water is wted to irrcrease w i t h  irrcreasing pH 
(personal ammmicatian, Matthew BrPaks). a'le of the pesticide m 
a l a w  pi ernrirOarnent law may accumt for its persidenoe. pH levels in the 
averlying waters of the dbdmgd ranged b & e a  5.1 and 5.7 durirq the 
=nw=* 
An unpublished s b d y  asxhcbd by the State of Wisconsin, of 
Agriculture, Trade & Consumer Protection (personal camrmmication, Ken 
Schrleiber) mprted the reowery of 0.407 p p  chloq&fos i n  cranberry bog 
r#limprttfi angled two days after application. A study of mmberries 
from m There glyI=twrrsate las to control hEds f a d  no glyphosate in 
the berries (Devlin and Deibezt, 1987). 

Rao and Davidson (1979) i n  their discussion an the wEstimation of m c i d e  
Retation and Tmnsformation -...n have cited several WrawbaCks in 
estimating the rate of of organic solvent-ctable parent 
oenpa;mds. F i r s t p a r e n t c m r Y l m l f i m a y b e ~ t o a m e t a b o l i t e a n d m o r e  
significantly in the case of this study; both parent and metabolites may m 
t i g h t l y  bind t o  t h e  s o i l  and organic matter that traditional solvent 
extractims may seriausly uver estimate the &gnda t i cu r  rate and amversely 
under estimate t h e  residuals. Not withstarrlirrg these limitatians spike 
-ies of parent and lnetabolites gerrenerally exloeeded 65% ('Itables 17-19), 
in a l l  of the mdiumt samples, w i t h  the sxDeptian of the parathian and 
metabolite pamxan. Rao and D~~iasan (1979) cite soil arganic ocaknt and 
mi~~~~)rganiaas  as play- iqm%ant mles. 

Ihe totdl organic ca&m oontent of the W v e  a a ~ m p l e  sites B, C, and E 
ranged fmm a high of 6.4% at  Station B to a law of 0.7% a t  Station El the 
crmyrition of the organic matter d i f f e  00l.lsiderably at ea& site. Station 
B organics misted of a fine braJn omganic ooze w i t h  little mmgnizable 
material. Station C material was ampoeed of partially dempeed leaf litter 
sanall twigs which graded from bmm to black w i t h  depth indicatirq a anaer&ic 
dPrrmYlfiitian a t  depth. Statian E misted of a decidedly more granular 
material which quickly graded h?an grey green to black with depth, a hydrogen 
sulfide aaell was only slightly appamnt. 



Table 24 WRS m d i f i e d  fraa Rao aml Davidson's papr tO incl- data reported by 
et al., (1975) and this stucty on persisterme of glyphosate and 

chloagyrifos. 

mm 

MEAN % CV % CV 
%W 

~ ~ ~ i f c s ( ~ )  - - 30 - 471 ( 2 )  

~ l @ ~ ~ d l )  lab 0 .1  121.0 38/08 139.5 104 
(1) lab 0.0086 93.0 903 191.9 

(1) (Rao and Davidson, 1979) 
(2) B a s d  an personal mmrmicatims fran qmmr 
(3) (Goring et al; 1975) 



Ihe Oammmlth of CZaTJ3erTY -on is -ted in a 
broad barrd of glacial -its located in the 1-1- ooastal plains 
bordering Wzards  Bay and Cbd Bay. Hme tAan 55 peroeslt of the 
Oammmlth8s totdl 4856 (11,2000 -), oan be farnd within the 
Buzzards Bay basin. CrarJ#rry bogs wi th i n  a Buzzards Bay drainage 
basin have generally been w i t h i n  edsthq freshwater tmthmds, 
bogs, andinfarnrerwaodedandauubwnlamrps. 

O v e r t h e ~ m a n y o f t h e a d j a o e n t ~ t e r b o d i e s h a v e g r a d u a l l y b e e n ~ ,  
a l t e r e d , o r a m r a r t e d t o ~ i r s t o m e e t t h e n s s d p ~ f t h e ~ . ~  -ins 
the last thirty-five years reparted hamest figures sherw a 
i n  the yield per acm. l?mx%&im le!vels have hcmased fmm 41 barrels/acre 
in 1950 to an estimated 148.5 in 1984. Oawemely, the aumnt of lami 
pmluction has declined 25 peroerrt from a high of 6071 ha in 1950 to 4533 ha in 
1984 (15000 to 11200 acres). The in=reased productivity can be attributed to 
several factors: the hcmased use of sprinkler systems, a shift to water 
harvest, impruved marhting, use of pesticides oosrtrols, ard the use of 
fertilizers. 

lxlring the June -ling the f law pruportion discharged from the m i a l  bog 
was found t o  contain significantly higher comentratiopls of total and 
o~ruswhenamparedtotheooplaerr tza t icmsfandintheais r3r ; l r r reofa  
fmshmter wetlard. Qn=errtratiafl~ of mmmiir mcmer& in the bog aisr3r;lrrre 
wem likely the d t  of residual fertilizer off the planbd areas. The 
-ti- were nut significantly different from those &eerved in the 
jbshwater W e t l d .  

The October sampling of the harvest floodwaters disclosed sane sharp 
differences. Ihe oonoentrations of amcmh and nitrate were relatively law and 
uni  f o m  a t  each station. Total and orthophosphorus, however, were 
significantly gmater. Since the fa l l  -ling was oaolductsd a after the 
harvest, it is likely that the act of flooding and harvesting released 
substantial quantities of m r u s  from the sedhmts, damaged fmit ani leaf 
litter into the clverlying waters. 

The agricultural maMgement practices &senmi during these t w o  sampling 
periods can d t  in the periodic loading of rutsients in their most active 
forms. lhis may have particular significame during the late sprirg and tamer 
mxlths when * discfiarVes ani lutrient a x m m t m t i ~  from natural wthrfk 
umld be to decline in terans of lutrient oarteslt and -1-. 

The d a t i v e  ~01~1113s fmn crar33erry bogs my acmmt for a significant 
p e r o e n t a g e o f t h e ~ l u a d i n g t o B u t t e r m i l k B a y .  Iheircpactsonthe 
d v i n g  waters,  W e r ,  are mt tied solely to  the sime the bay 
d v e s  lutrients from miltiple - i.e., fertilizers fmm lawns, in 
skeet naoff,  septic systetw and as a cmpomnt of water. l&aweries 
of the pesticide ctilorpy5fm (245 ppb), the hexbicide glyptmsate (258 ppb) 
fromsedimentswithintheautletdi~ofthe~lenlsupport ingwidencethat  
they are resistent to degradation under oertain ocnditims. Ihe likely factom 
favor@ resistanoe are the law pH of the soils and werlying waters and the 



high 0qan.i~ OQltent of the soils. Analytical paxdsion as evidenoed by the 
good spike recoveries of the parent oolmpxrunds, -1 parathion ethyl 
parathion, diazinon and dichlcbdl indioate tfrat -tim is marly 
amplete and that significant aumnb of W pesticides a m  not 
withinthesedhmts. 

the possible means of . . the -, tramfoxmation and fate of 
~ a n d r u t r i e a t s i n t h e ~ ~ b e w i . t h r a d i o a c t i v e t x a m e r  
stulies. Inthe inter;lm . . ' it is jrnmtnnt far the to cmplay application 
methods which Ilhmlze the the of mtrhlts to the recreivirrg waters. 
W ~ b e ~ l i s h e d i n s e v e m l w a y s :  anebymaximizingthebldingtime 
ofrrrtrientrichwaterswithinthebogs, ~ b y ~ l y i n g f e r t i l i z e r s i n a m a n t t s  
which maximize assimilation by the q awl mhmze . . the diar+urrae of 
residuals, three by putting nure stuiy into t2e use of timprl released 
fertilizers and fan by qgmlbq the water holding facilities w i t h i n  the 
Iffapertyo 

DowrrstrPam sqments of the met stseam ptrysically -led a first or a 
OrderWJodlardstream. I n s u c h ~ a l l ~ c a r b a n l u a d i n g i n t h e  
form of leaf littes usually supports a cumunity of -. Isupds which 
are shm&km utilizirrg coarse particulate organic matter (m present 
in both but nut in akmdame. T h i s  was particularly apparent in leaf 
packssnaggedatdebrisor-ben3s inthe stream. 

The numbers of ~nacz~invertebrates in artlet of the cm-bxq bog channel 
was suxprisingly hi* but nut indicative of a particularly diverse 

cumunity given an anticipated decline &ue to exposme to pesticides. Scarcity 
of benthic fauna in dmmtmam sectims, while -, can be aplained by 
manipulatims in flow due to agricultural pactice. Speculations as to 
in f luems  by transpclrt of pesticides to bms tmam sites can not be 
evaluated given the limibi amarnt of data d the afarenentioined variability 
in flow regimes experienced by benthic PapiLatims. 

In conclusion, the impact of the cranberry growing industry and its 
agricultural practices has and will cmtbue to be a cause of amem 
particularly in light of immasirrg W t i c m  for water and lard to support 
the poplatian of the region. 
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