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ey be eontributing 1,000 toms of pheschorus snpuelly, High phesphete
velues ip the southorn reschss of the Sound suggest locel eoneentretione
of sbosphete due to Blologleal netdvity in the wore stagrent regiong.

The yroduetivity of ihe pein basin of Fuget Sound s evaluweted on
the baele of emmuel phoxchele depletd ns 4 venpge of 30 te 111 grens of
earben pey sgmye meter of mgricoe syros per yosr is estimeited, Conpared
to other srege reported in the litersSure this yroductivity is low,

Seasonel snd lopg bers verietionsg sve shown for phosphate snd

other mutrient selte, Feotors sifsoting the dletribution snd veriotion

heniosl sonstitrente in Fuget Soend and in adjscent welers ave

diguusged,

Some sugpestiong sre emmerzted for fubure wark in the gevchemionls

cogamograpsie 1inga.
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This revord prosents the results of 8 geochenicel invesbtigetiom,
baeed on existing detey of the wetere of Puged Sound., Rivers deaining
inte Paget Bond snd wwelled witer meving im et depth fyom Juan de Fues
Streit are the ehief sourees of the chewiosl constituents in mmt Bermd,
Dletinetive fentures of the Tiverr end drainage sres tributary to Puget
Sound sre disoussed. On o eowperstive besis the rivers %&b&t@z‘; to Fuget
Bound dieckarye sore ety end move dhosaived melorisl per !ﬁ*t{uﬁim ﬁil@ of
are svailsble.

In the merine erves two disblinctive veter meeses can be idertified on

=
{

the beels of lagrens plotted for stetlong frop Fliley Poind, centeal
Just: de Pues Strelt, to Devils Feed, southers Puget Souwnd, Thend twe

woter sepece epn eleo be differentisted on the basis of owygen snd vhoerhels

fatas For July sizoel lipesy curves sre oblsined by plotting phosidiste
ve 6 snd phoephnte ve diepsclved oxygen. Februery plote chow & eleser
grovping spd wmore rendes distribution of rointe for both prephs. From
treps relgtiongldpe 1t le enpeluded that the sumeer dlatributi-w of cheew
vhate rervesents melnly the effocte of ewyrente snd blslogien) setividy.
The %"—%‘:f sitveti-n 1s domineted by turbolent nixing ar & remdt of vwinds
and tides., Swser stretificwtion of ;@:}f‘&fﬁ@%‘ due to ipmolotlon in suge
wonted By e Intruglon of eold, higbesslinity, bighepbosshaie wmeters fyom
the Poellie Oosan.

An ernusl phosriete budpet for Puget Sowmd le feveloped tehing inte
corgdderstion s1) She poselble contributing snd depleting reetors. Yo suwrlue

appesrs 8% the end of & yesr from setursl interchangs of welters bub pollvtiom
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CHESIOTHY OF PUGLT SOUND WATERD 44D IBPLI

Introduebion

Puget Souwnd bes besn mgarﬁa;’s unusuwal 4€ not wicus ogesnographie
cally in meny ways. It iz & deep, heevily dissected merine bavin, pvee
dominently gleciel in wigin, and Eﬁ;%f&%%ﬁ from the opon Feoifle by
another seswsy, Jusn de Puca Stralt (Pigure 1), 4£long ite sxbensive
perizeter of 1,157 neuticel miles (Mclellen, 1954, p.d) sre veatbered
sleven rrominent river sstusries with numerous olher smsll stresms of
minor consecusnce. The composilion of the marine weters is Anfluvenced

vivers g well sz the oeesn wotor vhlieh snlere through Juse

&

de Fuem Ztralt. Vericus factors such sz gesconsl chenges in runeff,

winde, upwelliing end Mologlesl setlivity tend to gomplicste the otesano-

graphy of the syeten.

Perhape the nost signdificent bBloveschenicnl feefior in ithe zakeup of
the weler of Puget Sound is lte bhigh m:;‘iéem eomeentretlon.  fAversge
disgolved inargenic vhosvhate content in the uopsr 2% motere seldown
drove below 2}1:%&1:/1. Compored to some of the other known reglops of
the world shieh rerely eweeed l.$ pgeet/l, Puget Sound is a well for-
tiliced sres, The concentratiom of slliestes mey be lesp sixiling
but is still pignificantly bhisher then ir the swrfece waters of ethey
raglons. Table 1 zives the sversge conventrations of stwe of the
gippolved vonstituents in Puget Sound on s compurative besis with
soas other merine wsters of tbe world, ¥With few excepticns the
yalues listed sre sversgee fov the surfece or upper 25 meaters of weter.
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Phosphate concentrations in Puget Scund ssldom very by sore then 0.5 pgeet/l

from the suwrfecs to & mexiuoun 8b & depth of 250 metere.

This bigh rutrient concentration in Puget Sound s of ifmporiance
bielegieally in that 1t jrovi¥e en index for producticn of phyteplenktin,
gooplankton end wWltinmately the higher fures of marine life. Fhosphates
rarely become depleted to o ecncentration below 0.55 pg-st/l set wp by
RBiley (1946, p.64) 2o the limiting %Zw for plankton wynthesis, This

weld sugrert that the fpotors llmiting orgenie rroduction mey bo light

and pincer comstitusnis eueh s lron snd zangenese whioh have been re-
gerded ss growth feetors (Hervey, 1950},

I% =111 be mainly the teple of this peper %o dizeuse the snnuel
budget of the nutrients in Puget Sound and present some of the date
tn peures vpkors vhich say hely %o suplein the hlgh concentrstions and

supponnl veriatlons,

ieeslile Souwrses of Chemicnld Coughlluvenis

The uldincte source of most of the incrgenie eonsztitusuis iv ces
vater ere the mechanicel and chenlosl sesthering rroducte of terres-
trial mberisle corried 4o the ses iy runeff. Therefore, s nsbursl
sterting polnt in the study of the erigin of the chemiosl constituente
is the pivers. 4After maklng en anslyeis of the gvellable drte on the
conlribution of rivers, 1% wer found that meseursble additdung to the
concentratlions of the dissoived substences eould be sades by the ine
floving sllicstes, nitrates, sulleter and itrace wolsle such &5 ¢oiper
and iren.  But pbosrhates covld nob e scgounted for by the river wters
es omly treces of thie lon were found in the Iresh weter enlering Puget
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Sound., The loglesl second step is smalysis of the merine weters entering
Poget Sound inasmuch se they constitute the bulk of the totel wuter. The
pessonsl varistion of the phoschuts concentretion in the deep seter of
Jugn de Fucs Strait indicstes generslly e hicher copsentrstlon in euwmer
than in winter. This cbeervetion might lesd one to suspect that zome
mrocees of replenishecnt of nutrients at intermediate levels fp cccurring
sensonally, A sechenism whidh would bring nudrisnts from Jdepih toverd
the suwrfacs would sleo necessarily move the weter upward, Evidence of
this caun be geen in the Yemperstwe, eelinity snd dlssclved exygen cope
tent of the %%m L gtudy of the peaseval varistlon of eslinity snd
tespereture below 100 m. depth gb the zeetern and of Jumn de Puts Strelt
shows cleerly the jresencs of highesb-selinlty snd lowest-tonveradurs
vader in the suseer wmonthe (Ploure 2). This ir contrery to the neapongl
climntie trend, snd 1t 1o obvicus thet en culelde weler sass hap boen

noved dn during the swser noptbs., Thle inference would fndicste thetd

ypreiling iz docvrping off Juvan de Fues Dtreld durdog the suwmssr sonibsa

Thomoaon, leCorkell snd Uormay (19350) were the first %o sugpost that the

prodess of upselling off the coast eontribulss Yo the high vhosphate

oeed Yo the

ecoventration in the weter of the Dan Jusn fvehipelage ne ap
river-soures hypothesle offeved by Huichinsen end Luecas (1929, 1931},
Tuily lster (1942, pe 407} provoret & Jet~strosn ond sindecffeet sechene
i Len this upwelling. The jJet-eiress 1 a result of the surloce cube
fiow of breckish veter from rivere nrnd the sumser jeevelling northeest
wind eavees & wind current southwerd off the wnosst, These two Torees
eonbined ersentlally form & divergenos of surfsee wnier ard g rise of

door weier te take its claece. Dully alzo shewed that the vhonosencn

#
#
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iz ouite local end scours in colls of a eyclonie~eddy neture st the
gntrance to Jusn de Fucs Strait. Ovesnograpbers eve nob g1l sgreed on
the process by shich the deer sater eomee %o the swrilece, bubk theve rew
maing 1ittle doubt that & ssssorsl lnvasion by deep Peelfle water otours
in Juan de Fuce Strait. |
Other yrocessos shich may be sgtive in contribubing %o the nutrients

or ot lesst sltering the nutrient vioture in Fuget Sound sre biologlesd

setivity, chexdesl trecipitaticn, ﬁhgﬁi&n@ solution snd mar~mpde pollus

dyity con be disoussed In st losst two categories,
In the ﬁgﬁ% onee, the photosyrthetie metivity in the suphotie soune
ptilizes the dlzsclved inorganic conmghituents. Coupled with the graszing
by zooplanvton the nulrients wry be redisiriduted vertieally s wll es
slightly horisontally, Verious anthors (Hervey, 19503 Coorer, 1952)
hewe shoun thet goeplenkion will grasse on the phytoplenkton Suring ithe
night and veturn to depth during the dey whore they exervie thelr waste
rroducks higk in nulrient concentration. Thus surlmce leyers begowe
dopleted and the deeper waders experience enrichuent in nulrissis. 2»
& result of the motillity of meny forme, currents sey not be as effective
in moving them out of sn ares, and the nubrients may tend tc be conosntrsts
od in a loenlity in this nay. Dug Yo sinking of doad crganisee there 1g
further enrichment of the boltor wuters end sedinents. 2 scoond rocess
of biologlesl sotivity ir thet which ocewrs on the ses bobtbon. Here ra-
genorebion of nutrients is osoaring by the dotion of bacteria., Also a
puior conplderetion in the transformedion ig the benthic founa. Cone
centrations of the variéns epecies of §§éﬁy§e§$, selidnoderns, amnelids,
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&end orustepsans ney bave s very rronvunced affect on the chenistyy of
the sediments snd water overlying thes.
irdtation mey ovvur in eonjupetlion with biclogicsl

sebivity. Fhotopynthosis snd respivation say enter inte the carbon
dioxide~bicarbonate~carborsto ayele causing depesition or solution of
eslejun ecerbonete. In certaln cases phologynthesie reduoes the Gl eone
tent of the weier and prousctes precipdtation of Celly, Thie peeuns to
heve cecurred bo & lerge extend in the weters of Hood Csnal vhere pedis~
mente are very bigh in Cefly (Yeng, personsl commundesticm) snd the
bobtom wsber i¢ relatively low in Clp eontent, In Aduirelty Inlet, on
the other hard; sedisents sve low in chexically-gonbized Cally snd the
€O sontent of the bobtem weters 1p qulte high. Celelum csrbonate doss
ceguary, hosevery in libersl guentities in the form of shell fraguenise
fnothey fovn of chendoul preclpdtetion snd soluntion vhich may be of some
gonpeguenas i thed vhich osewrs in swxinle envirensents, lydrogen
poifide wlil pregipitete heevy nmetel ifons., Over prolonged periods a
gonaiderabls quantidy of corteln wetale mey be precipiteted in the form
of sulfiden. Un cceselom whon a low dde csours these sudiides may bo
sxpossd 4o the ateocsphere or %o the high oxypen concantretimm of suwrlece
woters. The swlfidee sre oxidlzed relesving sulfste and the love of the
heuvy metnls, This process (Thowpsen, porsipal eosmmicstion) her been
suggested for the bigh concentrstione of gorper at the bead of Hast
Gound, Qroas Islend, shere sulfide weters sre found. A furtber bloe
chendcal sotivity shleh ssems o be In operstion is the effeet of midsw
$ion on crgende detritus high in ndelent concentration on tidel mud lats.
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Lenshing of the wegsnersted phosihetes and other nufrisnte leade t0
bWigh concentreticons, It wes this type of process which Thospron and
Prifer (1936, pe 129) surested was somteribubing to the high phosphete
songentrsiions oulside the Skeglt River estusry. Skeglt River weler
itself bas been shown to carry only trece conesnbretiong of phosphute.
A eosbinetion of thie yrocess with the intensive sotivity of bottom forss
ir eoncentreting the chospbetes mey be fhe vessom Dir the very high sbog-
vhote goncentrationg in the southern peaches of Puget Sounds

Bhoreline erosion hes been foumd to be 5 prinelnd8 contributer
1o the sedimonts of Puget Sound (Beng, personal comsmnication), %ith
i%s long conptline Puged Sound receives abaat thwee tiwmes as uosh zedis
wentd frow ite shore forsebions zr from the rivers. The povorfid tddsl
curvente sod waves mey nlso be sgents for the scluticn of chendcals
from the shareline sediments and rocke. Albthough the extent of dige
solwed constituents from ghoreline soidfilon ie zomewhet indetervinsie,
it ssene reszonebls 4o suprose that 1% is negligibie compered %o river
eontribution. The sssll srea of the bepch .ndergoing chomieal vesther=
ing eompered be the lerge sres of the drslnege beeln would sugrest thed
the ratle of westhersd products would elso be samll,

finee the advent of wen's industries inte Fuget Bound, g purely
srtificial sowree of chemlosls ha: been snleblishied due to polliution,
The dimeherge of sewsge is senerslly infniesl %o the srimel 1ife lowslly
but mey add messurebly to the dissolved samedlituenis in the shele regiom.
Donestie sevape is bnown to contribule substentially to the escunt of
pheg hete nesy the po:nt of zﬁizzeimrga; Cennerics retorn such of the

&



matrionte in the fors of wesdes products Irom Uivh, Smeliere of the Teooss
region dump mueh of thely mill tAdlinge lnte Yuget Dowmd snd eopper cone
comtrations 4n thet ares huve besk found to be yariic viy kigh (Chows
personal comamicatlon), Feper mllles ab Everstt discharge eflluent shich
iy nigh in concentvsticon of sulfite, cslelus, lignin, wnd neny other
vrgenic subslances,

Biihdransl of some hesphete alec ccowrs dus to man's achkivities
guch at flohing and wely barvesbing. Tods will bs shown dn s later
gecbion 4o be amall. Inm svess of much Llehesating bird 1ile nulrisnte

teken out by the fish =

v be eigniiieent, ss off Peru, for ax

But in DPuget Sound only seatbored nusbers of gulls, soraorente snd lomg

L T ot B EOuE W L e v TV - e &5 o P . ny
(Miller, Lamly ond Hall, 1935) suke e praciles of llving on fish, ¥o

catloote her been sads of the flsh sawsused by weter fowl loca but

diyver Rmoff snd Dreinegs Beg

Two of the major distinguiehing featurer of the sivers dlschorging

imbo Pugest Sound arpv the lopge voiuse of weber sud large spounit of diss

goived material per wnlt aree of dralinegs basine The Hhaagld Blver slone,

baeause of it position dn the Poget Svund buels end the cherscler of the

drainage sroa, hos & runoll which is probsbly grester rey pouare wile of

drainsge sros than sny other woderste slzed river in the nlted Utatesn

{(Ven ¥irkle, 1914, pe J5). The total ernuwl cdecherge into |

grnteing zore than three timee s sueh oL soivesd

vp Hiver, ssitg

7



the rivers emalired. Table IT plves some of the chavasteristles of &
few hordh Aworicen rivers with thelr calevleted effects on dewmudetion,
In derms of sotusl copcentrationg of dissolved cubstsnges in the witop

4 Seamd sre nod zo lnvressive. For e

itseld, rivers twibutury % Pugs
erpie, the Golorads snd Rle Grande Kiwvers conbteie sboub ben tlmes the con-
centration of disscived meberisls ss the »ivers snte dng Puget Sound,
Qv an sresl basls, ihke foltel ecamtribution of diseolved sollids Wy rivers
wributeyy to Fuget Jound lg prester; however, then that for any other
Sroinage syston investdgnted,

Scme of the basia feobors determining the lasehing svd srcsion rete

in the toibulayy dradsepe berl . Sound have boon exawined and

gan e enogmreied e Fellowg:

(1) A large soousl yreedryitedion with » compavetd

tribviilon throvgboud sbeut elght sonthe of the yesy peraite

& slow bub aleoat eomtinmucuns mreeclation

underground,

%

ghes Paoh aore selutlon ther the sene anoued of

e segonll
racivlitstlom and moefl scewrrivg In o short %ne g2 o e
flgeh flosd, for swmsple. In the esstern pard of the dealnspe
busin and 2% bizker glevsitdong the preoiplietdon ls in the form
ol snow @wrdng the vinter mopthe. Lete spring thewing entonds
the paried of lerwe runoff inte the swser,
$2; The iithelopicel ohoreeter of the dralnsge besin lendn i%zelf

to rapid westhearing, 7The mounfainouvs terreln conplsrts lsrpely

*

f voloavie, ssdineniery and medzvor bie rocks.

1ive rocke have exbrene pusos




weethoring. They sre more easily stteched snd ucre repldly
destroyed by chenical sesthoring than most rocke,

{3} & beewy vegetal cover over puch of the drainsge beein jrovides
humie solds wbich sselst in the solubtlon of some of the chesicel

gonstituentes. The assoelsted soll nels er & Filter rels

wuch of the suspended peterisl seched down from the exvosed
roglks,
{4] The extrene sesecnal veristione in olimete of the hesdwstors
| region of the drainege beein grestly enhenee disindegration
and deccwporition of rocke bty the froesing snd thaving sotion,
{5) Lurge grediente of the stresnm beds inm the nownteing sre avcom-

penied by rardd erosion, In the low cosetel region thoese grae

dients sreo conparstively sxpll pnd deposition nay be cesurring.
The denineting fechbors contribubing Yo the high dissolesd inorpanie conw
tond of the rivers sre (1) snd (2}, the pertlioular presipitetion and the
iithologiesl chovecter of the drainsge besin. It is votewmurthy et the
vegotebion which vey be s significsnt conteribubor o the solvend proper-
tics of the wier iz sleo lurgely rearoneible for the spell susrended loed.
Clerke {1924, pe 54) hes cited the work of Bumsen (1855) en the
chemleal westhering volentisl of radn waler. He shoes thet seilve geses
m sonesntraied in raln olsr so that gerbon dlodde end cuypen sre in
wueh higher propertion io nitropon than they sre in the stoourhore, Thus
reln esbor bes bodh a lover 3 end grester oxidizing vroperties than
water whick has yun ite eourse on the pround Loy somg toe. The eosposi-
ton of alr extrected from raln water gt dilfevent %&m?@rﬁﬁuwﬁ% and thad

of sversge atmogrherie sir is shown in Imble 111,



Direet sclution, hydrolysis and deuble decomporition gll wid in
bringing meterials inte solubien, Heny secondery rogke, such &b gypsusm,
enter directly inmto aciubion. Livestones msy be digpolved by intersctiom
with alkall sulfetes, Evidence hes shown thet 2ll the impurtent winersls
are sttecked by carbonie acld (Clerke, 1924, pe 481). The effect of rain
weter in chenlonl wosbhering can be ddvided into several phases. Fired,
the weter pertielly dlszolves the acre soluble minersls eontairing ouldes
of the alksll metals (Kap0,R-0) snd tuope of the elksline ecribs
{Ca,lig0,Be0) (Pebtijohm, 1948, pe 379) «4%h the libersticm of colloldal
gilics end Tormaticn of gerbonstes guntalning lime, iron, wapnesive and
the sikslies. The lime, msgneela, snd alkell palts remsin prrély in
golubion %0 be wnsked sway 4th much of the disecived, oolleidel, snd
pertleulste sillca. finece river welers sre rerely ssbureted in slliecstes,
thie medorisl say continue golng lnto solution ss 1t &v sophed towerd
the sea. The higher @ engountered in sep weter will logrense the
golubiiity of the silica {Cooper, 1952s) and more of L% may go into
golution. Bruevieh {1953) bs: demonsbreted thet ses wiey 1z nevey
zatvreted with respect to silieic seid.

High oxygen eoncentratien generally hes the elfsct of a rrecipiiste
ing sgert. In rock decompesiiion the effect of oxddetion iz meinly e
surfnce phenomencn srx 1% har been shown that owygon sontent of gromd
webers decreases with derth (Clarke, 1924, pe 480}, ilvwrver, the earbon
dloxide presoent in relp water iz sugmented by thed produced in the decay
of d&maﬁﬁWWﬂ‘ﬁ@@wm& an the surfecs of the growd or in the scil. fn

additionagl feotor inerearing the dlseolved corbon dloxide and the cope
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sequent solvent properties of the runoff weters ie the winter enow at
the higher elevations. The mechanieal dlsintegration of the rocks by
the grinding process of glaelers, the disruptive effects of frost, and
uneqﬁalbaxpansion due to alternaticns of heat and cold is aided extensiwely
by chemical weathering. Work done recenily on the chemical weathering
in the Cascede Mountains (Williams, 1949, p. 131) showed that the pre~
sence of a high concentration of ecarhon dioxide in the mell water en-
hances 1ts solvent qualities, The pH of thls snow water was found to be
5.91 compared to 7,08 for the water of the Snoqualmie River nearby and
the correspoﬁ&ing concentrations of €Oy were 9.3 and 1.0 p.pem., Te-
gpectively. Williams explained that the high eoncentration of 002 in the
melt water is due to alternate solution end release of G0y during the
peried of alternating high and low temperatures of the spring sesson,
¥ater trickling through snow is nesr freezing or st an optimum tempera-
ture for dissolving gases such as Oy &and GO0y, Carbon dioxide is absorbed
by cold water and is released when the water freezes. Bul, being =
heavy gas, 00, settles in the snow vhen it is released from the water.
Trickling water picks up this CO, and carries it into the soll beneath
the snow. BExperimental determinations of €0, in a column of snow in
the Snogualmie Pass area showed 0.098% compared o only 0.040% in the
atnosphere of the chemical laboratories of Bagley Hall, University of
VWashingtoen,

Unfortunately, there has been no work cone on the dissolved organie
substanees in elther the rivers draining into Puget Sound or in the sea
water, Williams‘(l949, p. 134) does show, however, that the water in

11
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the scil benesth u snow benk inm the Snccuplnie Fass srea contelned 6.4
retsbia of volatile metier. Ho susch voletile bustente wes praecant ip

the Spoouelede iver weter. The argenie content of most wlvers yrobubly

ie nod hiph se the wetere sre vot oxceseively (lscelored by the brows
homie materinle oo cherseteristic of bop lmkes (Ven Winkle, 1914, 1037l

ime Ceebor whieh should not be overlooied is the organie and rslrlent

oo

i iﬁ%u ﬁﬁﬁg

pubstences contrilcied by saluan end other sogdromoup €1
in the strosse afier srewnings It would apresr thet in enell slropne
with lerge rone this might be & wepy iunrorkent sowee of nulrients ond
crgenie meterials, York belng condwsled currently on the feriilizstic

of lsves in Llsake with artificie) Deptilisers {Edsewdson, fesiner) is
F

tha ddroed rosult of She lose of 5 pubrient soures dus to the dealine
ef & galnon U

A % ey
'l oy

Dete on the chosiosl €

weltlon of rivers tpdbutsry %o

sre very fregmentsry. The sorly verk of Van Binkle (1914) #till slands

s the ovly levge-cozle investlgetion of sume of the main rivers

{Love, 1952). Consentredions of chendesl conetdtusnte of rivers ifrie
butary to fupet Bound for which dets ore avelieble along with the cherdesl
songtituente of zome other rivers of Horth Amerles syre given in Table 1V,

Anglyses for iocsl rivers have boen averaged giving due weighd o the

volums discherped by each viver and the repulls are presendted In Teble ¥,

The aversge ecnoentraticng of these comalituente dn I

b Dound aug off-

shewe vre glven for otun

%

nrlson. Teble ¥V shows thet sidlicentes, nilretesn,
silfates, snd iron in river wstor cwmiribule msasursbly o the concen-
$ratdiong of thebh Sfong in Tgrpet Boand weter. To enilsln Bhe reletively

lerpe covoentration of rthosrhete inm Tugeh Sound one mush look




Ation of viver w-ltey gives e rough indlestlon of
the meterisle through which rweff weters have percsleted and heve soted
upen. Aecording to Ven Winkle (1914, pe 37), an cuesss of sullate over

plikeites in Ekagit Biver wster sugeests that the wvevailing roekg of the

besln sre sedimeniery and perd of the strats is enblrely wwets

Toe gontont of silics of thie waler iz considered lewer dhg

vivers Lleving Sorough leve forastdopes I3 is chorselerdstle of runcf?
from the netanorrbosed ?&z&&&ﬁffyfif: rocks of the heedwsbor reglong rether

tharn that frow the lower resehes. Ven

of Hood Oyvesk sre charesis

5 . % - J N Y ivamiy £ o e g
wiee thot the prewelling rock smterisl in %&w dead

iba o wndl woaca an
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in the dispclved constituents whiech cocuy mainly in the comecsnbretior
of ekloride, sulfate, and csleivun. Large verdstions in turbidity copre-
grond to the fluetustiowe in sieanm flov and refleet c¢hiefly the varig-

o
ik

iong in sospended loads

Lhrsiegel Covanopreihy. of Puged Sound

It iz nob the purpose of this work %o review in any comprsbensive
wey the physicsl cceencgraphy of Puget Sound but to deal enly with those
eoncepbs which are fnporisnt in the dlstribution of cheslesl congtitutents,

The two larpe verisbles in Puget Sound sre the rueff sud the coesn

wber woving in by way of Jusn de Fues Strait. Bome of the mire perna=

rent faebors; vhlel esm noddify the cossnoprandty ond more or lozg dehersine
¥ of

the patiern, sye the topography, geogrs:iy, end owrlells fures. The Teelt
that the weter ie deep gives s differend clreoulation then thet in Chesa-
veake Bey on the Atlentie Cosei, abpenece of ghallow sllle rrovides Top
srple vertilation of the deep weber snd maikes the basin Alffersnt frow
Horsspisn fiords, The nerrow paorepges jrovide reglons of indensive sixing
by strong 3idel eurrenis, Uther verisbles vhich sre essentislly superiuw

wedl om the tso pentionsd sre the tildez veryving ri‘,ﬁrm& iy sz well ze

fortnightly sné the meteroiogiosl conditions - windg, rreelcitetlion ond
ipsointivn, The elfevhs of other fsetorr can heve only ninor signifie-
cenge In dhe phywloel cteancgrapiye.

Fopet Bound “9; g besln shere precipitotico snd runefll axeeed svepora-
tions  Thus there is & net [low of low-salinity xoter peswsrd et the eupr-

fege wnd & net flovw of vighwsalindty cster landesrd &b depth. The surenie

at

in Puget Sound heve been studied (Peruette ond Bernep, 1951) using verlicus
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reeording and Jdlrectersading wmechbanieal duviees « Eiunn, Prics and
Eobeyte current metors. Tidéal currernts and Lopogravhy sre the donings
ting Jafluences on the deep eurrents in Fuget Sound, Cirewletion of the
marfeos snter aopears to be goweraned primscily Uy tides, winds and geow
grejhy. This hee bren cbeerved in the nodel of Puget found without rge-
gourse o wind setion., Currente sre shrongest (up to 7 koote) ab mid-
chennod in the nerrow, conctricted passspepy - lecerntion Pase, Tacoms
Rarrvouws, and ipste Pass., They sre of sodereate velocity (up to 4 knotm
in vome of the wider channsls sueh s Adudralty Islet end beisven 1 snd 2

knotz gt the entranes bo Hood Censl, Pog ession Bound, end Seretoge FPage

sege (Ue 8. Depertuent of Commerse, 1947}, Clrenletion in bsye iz vela-

tively slugrivh, Because of the eopriline sround some lelande, $idsl
surrente rese Ireely In ome dlrection through one chenel bub sre dlverted
inte snother chansel on the reverse tide, & net clrolstion nay be dovelor-
ad sromd the island. This ccouwrs eounterelockulise pround Vashen leleand
wvhars sur-onts in Colvoe Pogsepe sre sluost slweys dlreciad vorthwerd.
Tidal ecuwrrenis poving vesd points and prosinencees such gx Double Bluff and
Mudralty Head csuse g seriss of eddies which nsy persisy fov long dlee
tences and for s long tipe =fter the champe of tide. thers twe or sure
chatnels meed severs Llde rips mey osour. Yhere vips sve merely conver-
geneces of surface wler. Similsy phencmens wey ogeour shen wind weves
eppose the tldel owront, Hide-mouthed tmye slong o chavrel say oontein
2 lerge ¢ddy shieh forme & tide rip «ith the chencel swrrent,

The clreulstlon end flushing in the inleis sre governed 4o & lsrre

extent by the selinity of desp

cter dinflew, the iype of snirance; snd

‘&



the mmount of ruvoff, The wostd repid flushing of Fuget Jownd otewrs in
the sutimn when the deep wober is h ghly seline, tunclf is szell and
surines wster is bolng sooled (Herues, verstnmsl commmndiestion). Hood
Canal undergoes the plowest fliushing in Puget Zound tecause of its
shaliow threshold eill (37 fethoms), ite grosd depth (W-100 fathons},
end the relatively ssall viver effluent which L% recsives. Hzperiseots
on the Fuget Bound Hodel {Beruss, Lineoln, snd Ratiray, 1954, 1. 13«15}
heave shown thet an ineresse in the sowree salinidy chenges the weler
etructure in the =main besing of Puget Beund In ehout 90 deye, protobyre
time, when oquilibeium 12 resched, Deorseeing the stures sellslly albers
the equilibrium sireeture in the sain tesic in 100 o 166 duye scoerding
4o the dietance frow Adeirgliy Inled., Iz lood Canel, howsver, woiler

belos 70 webers chenged only sliphtly ofter 166 days. This corrseronds

e condlibione ln setuwe where desr weters of Hood Cernel sre flunched sutb
only slowly end probably only onee every fow years.

Twe pericds, ae widely different s voseible within the llpdtadien of
the deta, have begn chosen Yo diseusre the oosancorerhy of Pugst Sound on
& peppanel besiz, July ds & period when cooditiong ere epirosching &
sidgamer plebture ef low mxs:n“*x, norbhenorthvest vinds, and nigh elr Senvers-
ture, At thie time zzier in Jusn de Fues Strelt ab deptd ie begioniog o
show high selindtler and low tespersbures, In nid-Februery the sres ic
nesr & peak condition of nigh runcff, svubhesouthwesd windg, nnd low alr
tanperstures.  Actual pesk winter gonditicns in the ses woter sve rob
reaschad wntll @w Bareh ov esrly &rpil vhen the rend beqing fowerd o
sunwer eondition., The seasonel verietion In selinify, tesperstiwe and



prygen off Wew lungensss ol Lhe ayde

3
&

Fipwre 2. 1% dls culle evident thet the surlses sster disjiasye the highest
and lowest salinit ty Sometime in August, 2he same /:erm{ of /:Uﬁe.sf salinitres end /ouea; femperatuyes

veuraraturefin the deep meter, The most bontgenecus weter BEps c0OLYER in

Leoowbher,

Tow rurolf weters flow into Puget Bound ower the surfsee of dunser ses
weber end mix in & brecklel lsyer sv tbey flow towsrd the ses. This wixing
effeet entraing sea weler inbe the Tresher swrlege muter rescving ¢ cone
sifersble sucunt of salt (rom Puged found. Yo rerlenish ithle sslt woter

theve nuat Be g nel zovesernt of seg weter into the Bounde Othewulss,

Ywanty yesr serlod do nob ¢

wrrent measursuente nade over & Wwreeeday

wmrd gt the purlece

R & s s . N
in Aulraldy inlet (Pspuetis, singrle A layer of

b 8% 40

The flow of wetar i

W meg T

I s net outfloe in erensr of the dee

eos of the prlvery soptyling

foumd.  These obeervationy were also lm

the curroent velocitler luto Pugest Souwd 2t depth 4

balow the il derthn bub cortlousd st sboud the sene

net flow, fove X o Deoe 5, 1953} to within 10 metere of the botbon,

dng that the weley of Puged Sound dp 8 2 s mistore of the w

antering the Bound st dupth and fresh weter oo

ghould be sozaible 40 oo

2 perticulsr itise beoed on



sversge salinlly §, of the Bound weber and the aversge salinity §y of

the ses woter endering the Scund. Then the seveentspe of fresh weter,
q“x &

i ,
o £F P
¥ V/ G m mih

s X 100 (Eetehunm, 1950, pe 04)e Jo & firet spprosimstion,
the average selindty of Puget Sound wes obtained by subdividing the
whoie Bound inko four gectors of &fferord cgsanteraphie oomditiome and
shooging s representetive stati n for esehe. By eveluating the sversge
salinity at esch stebion aud ileking Lot sonsiderstion the volume of
soch pestor, an sverage salirlily wae sawmted. The sectors pnd retre-
sentative sietivne are given in Tohie VI with the corvepronding relinle
tieg. The salicity of weler enteoring Fuget PBownd wer dedernined by
sversging the selinlty Lelow 40 webers {derth of av not motlén) &% Port

ebiong Le the aoet

Townpend, Cholee of the e welinily fur sueh oo
sritienl, but it is conpidered thet Port Townpend should be se ropgres

gentstive as voseible, Pergentsge of fresh weler in Juiy is shomn o be

p.
e,

greater than 1t is in Februwsyy. Thie ie someshet conlrary 4o
pidnion ae 4% le genersily belleved thet fresh weier ip removed norg
repldly during the swmer wonthe of lerpe stratificeticon than 3% ig in
winter of intenzive slxing. Uowever, the sscponal verlsilon of the moures
galinkty strongly influeness the flushing rate. Horeover, prevelling
sunser winds sre nopihencrthwesterly (Harrie, 1954, Tyler, 1952, p. 24)

snd they will tend 4o relsin the Irogh weler in the Sound, Doutherly winkey

windg hely to drive the fresh weier cut of the The selirity stauo~
tureg st vericus sleting for July and Februsry sre shown in Plgurs 3,
it ig worthy of note that the fresh water is mixed fo wuch rrester derth

in winter then it ies in suwsmer as showr Iy the halc




srgued thet & bebier gholee of etebirrs for the base sellnity

reglintin values for the spount of fresh weter dn puwsser and

Selinitier sveraged [row the Pilipr Polnt Biation im Jusn de Pues Dhreld
reve B Hifference betwesn punmer end winter volumes of fresh weter which
wvan more svoncimesd (Teble VI, It mould not be valid to swluste
8 sovres eeld nily from stelicns Qurther inte Aduirelfy Ivded or wixing
decreagses the selindiy of the desp cater. Thers is o veesibllity that the
tuowlayer flow system bwesks down during the winier months of 1i%le
ok 2 ones hulk sucherg

vo e Conflerence,

stretificetlon and inteneive wind
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kigh vempersturce In the swisce waters of Puget Sound sod Ligh sslinie

tiep, low temperatures in the drep wetsr of Juen de Fucs Strait. The
sope io salinity ie almont #. 5 %o and in temperature $.5% €. The

winter pleture chowe grest homogeriety »ith relantively MiZh relinity in

the swr’soe weter of Puget Sownd. Temporstore verdstiong st this tise

sre praebioelly nop egletent. The renge in lewporslirs i lese than L.0° ¢

rets Devilfe Hesd to FLllsy PFoint and

i

ok N o X
i 4o “fov, Cirewletion can Be infe

whare bhe dense wier fiows

the bapin of Fuged

the

surisoe weter iz foreod soowerd ah the purfoes. The dlzeslived

omygen conflrme this edreulstlon, e lov congenirstion neving

£ o s
Sound aeile

s poe phe]




a laysr of no net potlen. February ¥e § curves show & goneral conlracticn
:in rvange of cellulty, tesperalure, snd denvity from the July leliurg.
Differsutiation of soter rassos becomes wore difficsls due to the ganeral
hosegeniety of the wuter. The curver sppesr oore eontisweue apd it cen
be seid cmly thet Jusn de Fues woter Liss o the denger verd of the ewrves
snd Foget Seund usler is in the low density seetion of the I-8 muves,

1% e noteworthy et the wixed wuter falls on the sawe sesltion of
the T« curves densitywise st sboub Cye 23,5 both sumeer and winber,
The southern niwed weters of the ftrait of Georgle heve & dencliy of aebout
dyw 24e ‘This uay bove cerfeln signifiesnoe in the overall hehaviow of
the ayobens OSone Durther work sust be cone on the energy sad nizing

a*é.,mmm@w Comtrary to deop sos svess shere slxdng oeoure aleng

ipopyenels, beve the nixing 13 seross@= lines with & large energy exs
HdLiure.

Ehenicel Ocesncerachy of Pupet found

The nutrients of Puged Scund wust be regerded ss pon-onservetlve
proversion, they sre affegted nob only by sdvectlon and &0fuelon ud also
by blologlesd sebivity. The advecilve {ovess hwve afirmég boun disguseed
upder the seetlon of Physlesl Oosanvgraphy. Diffusion con be treated
only on & cuentitisbive methoretlcsl besis whioh =11l not Be atbempted
hers. irom e prelivinery svelyeie of the problesm of werticsl addy
diffppion iv dgmirelly Inled, the ccefficient of verticsl sixing ineveaged

pom the swefnes te 40 meters {(derth of no pet moticnd snd then decrssped

townrd the bodtom {(Ferusite, Sinimer). 'hisz woudd sugeerd o maximom

21



verilesl mixing ceowring at & depth of no met motlen with little or no
varticsl mixzing et the surface end bottom, Suph & condition checks well
with the setusl physilcal pleture whers the cheuge in properties at the
surfece snd derth L9 due Iatgely %o horisental sevection end bisb ab

40 0 75 meters ds & result of salnly Surbulent mixing,

fhperbete Melribatlon

The detribotlon of Phogphuebe as iﬁé seeurred hovdzontally end
vertically % 4he pporonshes Yo Jugn Jde E‘ma feralt, duly 2 - 16, 1953,
iz ehown In Figure 7. & very jronoumted ewrfnes pradient in chosphate

/1 iz extibited 2t the spprovches o Junn do Puce

i

Prom Q.5 %0 ?,},sg -
Slrait.. In verticsl seelion the slope of the leorhors frow deep cossnle
neter to swlsee Jush de Fuos weter lg very provnouneed. This ey be vee
parded ar 8 typlesl sumesy phosphete dlebribatice which iz slellar te
that obteined by Ipclerut, Robineon, sn8 Thowpeon (1936, o, 1817 4
euiteble winter distribullon for phosphste ig nob avellsbie, bul 8 lstey
Lrydl swrvey showed tovceptretiong of rhospheis at the surlsce of the goe
tremee o Jusn de Fues Stralt, only slightly sore than O, 1§, = g4/l
Sueh oviderve seems bo be quite oonelusive that deep wiurs off southern
Yorgouver Icland riss to the surflace In susssr bwinging bigh concentra-
$ivne of nubeients, do sluller ywocoss srpsers Yo exlet in Yhis reglom
in sinter, There i 1ittle guesticn that duen woter iz being forcsd to

he puwrisce st the enbrange fo Juan de Fucs Sitreid during the suwoer

nonthe,  The maln ergiwent epreere %0 be in the mechandisn b, shich this
rrocess ozeure. L b e ¢sve of 8 Lorizontal dlvergence of owrrenis, a

KL
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sensoval $il%ine of the isorfyomsle enggerted by Fleming (Tem
eapslaing se ovugrested by Coover (19%52%) for the Englleh Cravrel op en
setuel csso of windsgerereted wreelling? It is prolebly s cosbingilon of

2

feotors vhioh esvas thls enriehrant of surfsce wifere,

oubflow due be vinel?, Sovorrsphy aad tidel careris.

to e loeal spd is not ovident off the northern o

erinnt isscmnak or 1% vovides the

§Jn
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rhotogynthestes by vhyboslankton utilives cerbon dioxdide, nufrients and
sunshine %o jroduece cerboliydretes end axygen. A% depth where light is
inoufficient for photosynthosis, the respdretion of anleals depistes the
oxypen eonganiretion. Heoterlel ectivity nesr the bottuk side in tiw

=

e

dtion of orgepic mebber with the ubdlizetion of aweileble oxygen

end the relesse of nutrienis. Thus high rbosshate coveendrstlore syw

sercaiated generaily with low diseolved ciygen contendt end low

i

sosuy shere the dissolved oxypen somtent iz bigh, Pigures 11 snd 12 ghew

ihe relaticonshbip of phoprbste conventration to digsolved owygpen eontony

1% stationg extending from “Liler Fulnd to Devil s Besd im Sudy end

iy

Febavary, Durlng the suneery, low dissolved oxygen eoocentratlon and high

%

phosthete content ceewy in the deep Jusn de Fuce water. This Is iv scoord

with the biclogical blebtory of the weler whiek her boen deploted of oo
and enriched in dlsgolived showrhede durd g 44 tenure nesr the botbon oule

gids of Jusn de Fuca Ftralt. The surisecs seiter of Pupet Soumd s low in

poogvhabe and bigh dn dlrsclved aygen vhleh Jikewive ngregs »1%h the ble

:

slogiosl (rocesser seopring st s tlse. Bost of the swince Jusn de

ster s deep Fuget Sound wobter ssgues gous Lotermediate welns ln

axyyen content and vhoerhale conesntreticon. The Pebrusry »leture zhoy

boke SOnOIne

sl e wlth kdgh owygon, high phe

bate eonesnbratliong in

 ruget Sound end low oxygen, Tow vhos

Paredits  Obvicuply blologlenl szetdvity laye only s pinoy
phosvbete dletributicn in »inter. The major Anflusngon svs

ANE Prelulneg,

Cartaln eoncluelons might be Jrswn frop the forsgolng Sroatosnt,
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sumser mopths is flushed out of Puget Sound Wy the senwerd flow of
bragkish seter ot the swrfece during the lerge runcif peried in sinber,
Polivtion eontributes s eonsidorsble quantidy of phosvhets in & yeer, but

i%s significencs csn only be meseuved in terms of the difference betwoen the

nstursl influx sud effiux of phosphete. Photesynthesis of phytoplenkton
resoved & pubstantiel quantity of inergenie phosphate durlng the suwser end
of this
phosphete 1o loet from the Scund whom snimel 1life moves oub or is removed

eoncentrotes 1t in crgenie forw in the plant snd enlmel life. Soms

by fiehing. 4 csrials frecticn of the rlanktonic orgeniems settlinmg to the

botben after deabh mey not be ecmylutely desourosed snd form sard of the
argenie meteriel in the sedimente. 4n edditionad blelogieal fucter whieh
smy sevve %o ramove phesphaten is the benthic faune. Lose of phosphute
iz the wstar soy coowr by chenicsl pregipiiation of celeiusm chogrvhets op
some eombined phosrhate gompound when the solubllity produet of the iunde
cancentretions le exesedsd, Thle loss cennot be overlocked sp no detere
minstiong of piosphates in the sedloente heve yot beon made, fuch yree
cipdtation gould pesmsibly cecur in Dubob Bey, Lyneh Cove snd the southsrn
regehes of the Sound where the highest phosvhule concentrstisne {up to
5 }mﬁfi)&m aneombered,

fn estinnte of the relative megnitude of the terms in squatien (1}
steuld bo made befere sny qusntitative evelustions sre atiewpbod. This will
vhvicte peinstalting caleulstions in thows terms whieh are Wlbimetely ine
sigrificent, In the case ot band, the dosimsting factars sipesr to be the
naturel influx and «fflux of phesyhote with the woier, To srrive ai soue
figurs for g belanoe op deficid in phosphorus st the end of & yoer w
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the bagle of

o exchange, it is pecemsrry o bnow the volume of water
shich floss imaf:% and ~ut of Fuget Sound in the eowrse of @ yoer sed the
sverage phosphets toncentretion iz caeh seter sees, I the difference
betwesn influx sod efflux of shospbaie ls large, then the mww&i of
$he other tovsme ds very sinor. (n the other bandy & m %1@% balanee in
the two terss would imerssse the relstly wzeight of the iﬁ«‘%&%ﬁ* tornge 4
net addition of puosphete %0 Puoeh Sownd, es deternined By thic sethad,
seuld mean either an lneresse in the phorphste eoncentretlon af* the waters
of Paged Sound vd the epd of a yorr end/or an sooumdstion of phosphets in
the eedizents wesulting Yrom bMoloplesl snd chemtesl presirdietion,
Current smessurexente made in Admlreliy Irlet (48901VHEy 1anoayt ©over
g thrse-day perled, Nov, 30 o Ime. 3, 1953, were espleyed te caleulzte
the inflow of Jusn de Puee weler end outflow of surfage votey. It waz
savused thet the wechanlen for woler eschenge througk Adudralty Inletd ds
woanitored throughont the year and thed the ceried of messuresents reywse
pends sversge sendilions, Ubearvetdong ab other ssezomg of the yeer wdll
be secepesry %0 cheek the validily of this sassumpbion. Alsy, She axclange
Inlet (H.43 x 10°%° 1 4 nesrly 200 times thet of Devertion Peme (L.31 x mﬁsﬁ}

shrough Deeaption Fess vern noglected, The erosgegecti ngl sros of Adnd

o that, im the first approximetion, thie lobroduges only & swell ervow,
The volumes ealeulobed o an snpuel bewle weve L.97 2 107 guble meters
{T7.% suble sautdosl niles) for the inflow and 8.41 x 10" cuble meters

{8467 tuonenls) For the outflow, Fhos:hele eoncentrationg belew 40 webere
&% Port Townpend were aversged for July, August, beplewber and Hovesber,
'ii‘%zf?l%_,. wid Pelarosry, 1984, %o zive & mean phosphets etncenivetion of



2,16 pgeet/l In the inflewing weters, Sledlerly, s mean of 3,06 pgent/l

war cbtelmed for the outflowing water by sversging the phosphute concers
trsticn in the upper 40 medérs st Fort Tomnsend, The toisl welght of
phosphste phosrhorus sdded wes somouted to be 33.2 x 10%g (3646 x 107 vons)s
end the. total removed wes hed % 10° kg (38,0 x 10° toms). The éifference
@w 12 7 m,,

kg should be She ned phospbowus resoved frow the ¢

a8 wvosvty yeried, U the besis of (his esieuletion glepe, ihe phonbets
sontent of Fugot Sound should be less gt the end of the yesr than ob the
%xwwmwég Tme lsrge errer in this evalustion might be in the sversge

srhute concenbrations used as thay wers only besed om Pive monthe?
shservationg.

e momthly dede for phesphetes off Fopd Tusnsend Loy www pariod
19321942 seve expn ned gnd 1% was obzerved thet the differonss between
prosphete vonsantreticn lun infleving and outfliowing wter sue grester fop
these yours than thet ealeddsied fop 195J«84. An everspe sublliceing cope
sontratlon of 1,82 fug-at/l snd cubtflowing concentretion of L.6T ugeet/1
wap ewmpated fop the year 1939. Thie giver s fotel appuel Influx of
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% 107 kg {3047 % 107 tona) end efflux of 279 x 105 kg (308 x 10° $ong)
seing the 1953 flgurce for seter flow, & cloes belsnes 15 schieved,

The flyet conelderetion for evrore in e foregoing celoletiong is
in the woluwe Infiow and cudflow of weter, A£liough en sbeolule errop
in this esleulatiom night be -ulte larpes. of the ﬂ&mﬁ of 15% (Poouelte,
pereous) ewmmsunlestion), the relstive error iz sswll. The difference
betwesn outflowing end Infleving woluse ls the major errepedetermining
Fagbor snd this iz governed by the river dischergee shich cen be detere

unined qulte seeurately. Frovided the cutflowing volume is several times



grester then the dlseherge of the rivers an evror in the wolume salevistions
will neke oxly 2 emell ehange in the phosphete brwiget. 45 seeor in the
gholee of eversge phomphets valusg, hovever, ney b ey signdlicant, To
iilustrste this polnt e sinmle egustion for phosphate ‘am&;@g& treough

Aduivslly Indet can b written,

Vo x Oy = B{Vo » V) €y {2)
Yo i8 the volume oubflow, Vy le the voluwe dipcharge of the rivers,
Vo = ¥y 4w the volume inflow, C, and Oy are the owmeentraticns of phosphate
in the subfleving end irflcuing wetere, ree eobively, and ¥ L& the retio
of the srowel vhesphorvs cerrisd ont & thet brought fo, dthet is, “%‘ Trde

syunbion iz axeed furr & netey volume and zhosvhate balanee 2% the enbrens

o Fuget Somd when sll otber influencing fretors sye ignored. Besvrange

ing, snd solvivg for 6, the equati-n booouss

e vo
iow YD
*mwgﬁ
Ve = Vg

the rightelend oide cen be divided through by Vo, nuwwersbor snd denoningbor

£ x

H
%

%

£

<=t

¥ £

7

b

*:3

wﬁ%

Tede squetion is B hyperbelie forn and can be grovied ee v dn Flgwres 12,

The ecurve for soeltive wenlues of Vo end § shows thel when the outfiow Ve
iz greeter bem four Mo the river dischar g8, Whe ewrve ayprosches e
line & & 2L ssympboticelly. Li%ile grrop 1 introduced iv the velue of B

-
s

by arrors in Vo boyond thle poind. Howsver, in ihe regise of the curys
Ve L2V prall errors in the volume cwbflow will wake lorpe erzows in Se

0



Bines the cubflow of weter is dn the nelghborboed of 12 times the vriver

the velue of ¥ ig 1ittle affected by en wiror of 15K in the
water cubflos. This con be ssen from {3} shore 1€ Vo » £ on.n.rd, sné

Yy e 7 cvenende; ¥ 2 1,09 81, If an error of 202 ie introdueed into Vo

m,

-

&
L

be sive €7 ouenuuhe und Vi ih ng;aiz: 7 ouenatle, H = 1,12 «.& Trie phves

i arror of Z.8% in ¥ aﬁ@mx%g g:, & iz nearly 1. On the a:siahzew hond, an

Lo

exrer in g‘.& by 10% may be very significsnt i the fisel ressil, Suppess
2

sebusl C) w 2.0 pig=at./) sod Op e Rl shich givwer %& = U550 end B o 1037
s

uglng bhe trus wvelue of cutflon. Ghen Up ds Yelen ap 2.3 }L%nﬁ%?ﬂl ehving

g gyror of Ye5% in iaflowing vhospbsbe eongentrstion. The value of

shdeh e sn £.47 evvor in Be These arrors, of eourege,

- whagn besad om the dlfferomce In overall phopihete. Henee

it s npertent bo be alds o ate velus for cudllowing

et Sonmgd
nos Tron oulslide

Foing $0dp balenes. Towege discheyped into

Yerdlove suthors

% values Jop F Ty T

Srmetrong

und Biell (1946, pe 43} clwe 17,000 tone of rook phoscbute per wesr for

s per

%

bets o T Cae, {¥2 é) ne  LEEFY
K & ¥

&
yur year wnde
f b "1“ "‘ % ‘.‘:T \! s34, o
"t,. gl ;féj‘r‘i Fl Qa"'i-ﬁt # é:‘vf

and due %0 the increesed use of arod



detargents eontelning sboub 22,48 phosphorug, IF 1t con be sesumed that
the populstion in the Pugel Scund sreg obeya the pensral trend in the
inereased dincharge of phosphorus, s velve of 2 lbg. phosphorus per cayita
e yesy should be ressousble, This glves a total of 107 tene (9 = 10% kg)
of phosrbores contributed Ly sesage pur yosr. Althougk seeh a quantily
mgy bo lnsignificsnt in o large, well-flushed, open vessay, 1t wey be
eudbe gonseguential in Yuget Bound, Butrophlestion in leakes ms 8 resulld

ef seunge is comson and hos been repopied or ceriein of the shellow,
eoustrigted flords of fehleswige-liolstelin (Kendler, 1953, . 199). &y
exevss of rhosphate in Yuget Sound detected in the desp wulter and ln the
gudizents iz future yosrs mey be lerpely due 40 pollubdion,

The fisherios cen be vegnrdsd zp removing & eertaln smoumt of phope

vhate frop the walter supually, Oommerelisl fishery lendinge in Puged Sound

el sbout 50,000 bons per yesr {(Veshingben Ftete Commerelal Fisning
Funtistlen, 195, pe d4)e The spart Dishery say renove 10F ey much ae the

pompereial cateh and en equel snount =11l be elliowsd for rewovel by birds,

whieh 18 probobly too lergs. & botal of 60,000 toue of fish cen b oone

sidered as Wehkon out of Nged bound per yesr slthouwgh 2 largs percentages
af the peaserelsl getolb Lo fyom oubtedide the Bound saters, Hewk, eb &l
(19405, p. 1442) gives U.2064 s the phosphorus eontent of csnned selnone

=

0 L% OWY & pwic
Fop 0,000 tone of UL

e predeminartly sglsosn, V70 tong of phoschorvs ave
& & ! 4 2 E

resoved, 1t is probsble that only shout /10 of the fieh cooght feed in

b Sounds  The Yotal vhos hoves resovel By verdous flsheries doss not
ilkely exeesd 50 bons (4o5 x 0% kgl which is tulie ermll cowpsred %o the
sohors, Wlhthdrswel of vhos hote from Fugel Sound watlers by kelp

a2



i gpesweed harvesting de probably ineigrificent sz no cstoblighed kelp
Lindustry exlpte in the ares,

Thare 48 no way st present to cvplumte the flux of phosphorue in the
vlenkton snd nekten, It vndoublsedly yepulta in s lose of pbosphom

s from
the gound over s yeer's pevied by the drift scawsad of plankionie ore
penisng in the smwrfsce wilers. dosume thet the uiper 40 meters of wsuier
gonteln 0.5 mv‘l of rhoesrhoras m. the vlankion for pix nonths of the
yorr and thet this denkbon moves cub with the outfloving weter. Then
the loes of vhos horue dn thie Torm smounte %o 4A1l.7 % 169 g a Ao x 109

tonge This figure may be az nuch oo ten tizes foo lavge from the cholos

of soxisvs velues of opgenie phesphoeus eosgentretion snd volume of oubs
flow, Dub in o mysbem shich is ¢lowly balenesd in its vhosphete budget,
the lose of vhosphorus fn the slenkton mey heve some basring.

It sey be srgued thet pheprhate dete vesd here are Incpgaoie phose
vhate deteyedvotions sud thet the organde phosphete may be present in lerge
sosesutretiong, Hangon and Hobinsen (1953, r. 35) heve shown Shet ovganie
phogyhote say veseb concentrations up 40 1.0 upw-st/l coupsred to 2.5 ugest/l
of inerganic vhospbete. 0 an somual besle 1t fs protebly velid be csoine
that the dlssolved srpsnde phosphele meinteine & close Lelenge in the
webar exchangs, a: 1% de Jeirly svenly dlsivibuted in the watey coluwm,

The lerge withdrewsl would be the rertienlets

srgenie phog he %o in the
lenkbon, Untlil zore dats cre svellisble on orpenie amd Sotel vhoslute,
1ittle san e sald pecitively on the met oversll offect dw 1o neglect
af the orzanie o osibele,

Bymstion (1} sen now be redussd to wrily e few tevme, with ressonsbie

&

iy
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eonfidence,
I4paebsré(sso) {4)
Ko exporisental S:ats sve avallelle to determive (B $ C) diresily ives
ments. It eould concelvably be of the sewme wrder of megritude
28 py that is, about 103 tone per year. If thls were evenly distribuied
in the betbom sedine
On the baels of s total anmusl deposition of zediment of 3 x 10% tume the

BE peT S0uSre BeleP.

phosphorus would smount 4o 0337 or JT6E of Pyls.

A grap lesl representstion of the reletive magnitude of eich of e

berme in equsbdilon (1) for the phosrbste budpet Is shom in Pipwe s
Before wore cventitetive deteruinetions cen be sede, mesowrenents of
orgenie svd totel phogrbets will be recuired ss well ar mors esmplote

dote on the seesorel volime oulfles end inflov and the sversge phoshote

gonpsnbroiiong,.

Apgvming thed the vesmoval of phosihete by advectilve rTocesses s very
gloy {rom Pebeuery to July coppevred Ho depletion by cleritom photosyoilmpis
snd thet wery little phosphete ip sdded by the deepr weder frow Jusn de Puee
Stradt durdng thie tiss, 'me cen meke en vetinste of the sindsmum orgenie
mroduction., Hegensrstion snd veuse of the pboscha¥e durisg the intervel
ir ot txken into seeount, and this furtber reduses the saloulsted ro-
duetion flgwe, Volnd Jeffercon war chosen sz 8 revvesentetive sietlson fav
the meln besin of Puget Zoundly The average thosphede concentratisn wes
deternined for Pebovery sud July by reahend sl intsgretlon of the vhope

shate eurves (Flowre 10) from the surfeee to & neximam depth of 270 m,

4
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with 2 planimeter, &l%ongh sinisuw velucs sre taken for the swmer
proveding the avallslle wipter dete, it f¢ belleved the wrrar should be
small ss the mexinns winter phosrbstes do not very auch from yesd %0 yeors
& winter ayersge phosphete maximun et Polnt Jefferson is 2.33 pgeat/l: the
 4s 2400 pgest/l.  The diffevence of 0.32 wret/l iz aveuned

58 rhoprhete used for photogyntbesie. For eculvelente of 1 sgP g 90,0 g
dry plenkton e 41,6 ng cerbon (Sverdrup, ot aley 1946, Po 929), the proe
duetion per sguive meier per yesr is ealeulsted at 240 gus dey pleniten

e 111 gm carbon. If thls yroduction iz i on & comparetive baels with
other ropions of the wowld (ses Teble VII) 1% iz noderpte o lowe
The validity of using the whole depth of 27 », a2 u beelp for cegenic

produstion £

pon chosrhete depletiom sy be guorlioned insemueh sp the
suihotie ﬁm doep wob ontend so deevdy., deplenistuent ot the surlete
wonld nocesserily rely o éif?mm af nuwbrisnte fron depth wWiileh dg nod
gemeidered in the eslevlations ordinerily. Reoslouistion on the besiv of

o depth of oughotde sone plvee an snpuoal produetion ever seoller thon

reviously wdth 30 gm esrbon per sguere meber. Flanibon produstion in the
Sound is woch highey then thic flguwre would indienis, sod i1 csp ouly be
goneluded thet shoprbotes ere oontlnoslly recvienished frop depth,

The figares cslevlated bowe are Jow zdnime for dhe spmvel production
re thay take lnto eonzldereiion only the early slankton posk of ke year,
However, even L& the production celoulated wers donbled, the produetion
redertiol in nutrlente Iz eerisinly not belng uiiliszed. Light, tenperoe
ture and otbsr ﬁ'm?tm"@ must e llmitling the phylerlssiton synthesls,
£nvther point to conplder i thet Polot defferson ié enly &n average

gtebion for midechunnel reglons. @ueh higher vlenitton porulsiicns have been
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obsarved in the shosler, sheltered embsyments. For sxenrle, plankion
bose of soual dwabion were teken recently (Arrdl 24, 1954) in the cpan
Bound waters er well as in Ford Medisom. From g cwmlitatdve visusl come
parison of setiling wolumes, the Fort Hudison bauls conitelined cbovd tules
a8 wach clenkion oe the hewls from the open Sound,

The seasongl veristlon of phos hete concentretlon st differsnt Jevels

off Polnt Jefferson Lls chown fv Flgue 15, Comesntrstions of vhosphels

Inerease ab &1l levels from July be Folwusry with sn intervenlog pesk in
Jotober. Generslly speaking, ereeorml inorpenie vhosrhete wverdetion in
Pugel Sowd wndergoes a low 1B swmer snd s nigh dn winter, The swmmer
ilow ir due %o plsnbion ackivity, sherese the winter high weeulis frem s
lste-pummer inflow of highe hosphate weters end vegenerstion of nulrienss,

ronk dn Jean de Fuen Stradit for the

& regular someoval petiern L8 ayp
sepoon 1953-15%4, #ith & high vheosrbote content in swmer sod n low in
wintar. Hawpoer, one rast be cautlous in seeepbing this ae s repiler
sepropal TAoture. Asslyeie of ¢ste beken om & 1D yegr period, 192R2-1442,
doas wod rugpect an sl regurrence of high shesvbeie in suwer and low
phearhbste v winter in Jusm de Fues Stealte. Although salinily, tenpersiuvre
srd demelty date show, on the aversgs, z pericd of pewmsy upeelliing, the
extent of this rrocess way very from yoar $o yeer, In seriedn yesrs highs
phogphate walers mey net be bpougbl Yo the mwrfaeey or biclegicsl foctors
nay eamtrol the inocwgenie phoopbets coucenbrabion in Jusn de Focs Stralt.
& lerge vhytoplaniton bloom may deplete mueh of the sumsey vhogrhets in



certain yours of fovorsble conditicos, The annuel pletwrs of low ,ﬁh@ﬁ;kﬁ%
oeneentration in suzser and bigh congentredion im winter guggosted fop
fuged Sound, on the othsr band, sypesrs Yo repest Iyom yesor o yesr whep
chocked on g 10 yuar buols,

Lopg ters fluctuations in puoephste 1n both sress sre ned lsrgpe. Cere
teinly the longe-ters trends in phosphate eoncentrstion,; shich have coeurred
in the Pnglish Chanvel (Husesll, 1935}, heve nob sppesred in Jusn de Puce
ftralt and Puget Sound in the perdod of avelishie cbse

rvetiong, The tooe
yosr verdetion Sn piospbste In the upper 25 w, dn July s shown in Flpuwe
38 for Plller Point and Folnt Jeffersoms

The @letribotion of pilicvine fe yrimerily detersined by the runeff

eud hyloplesyion setivily. Blvers cavry s zueh bigher owpeendration in
gillenter then voraslly found iv see weter {(see Tells Vi. & large dleton
bleon mey derdete the allicgle eontent %o s low cwpeentretdon. The ssetin
f’wm Filier Polud to Devil”:e Hesd in Figure 4 showe the July silisets dise
ribution, High sdlleste gupcentrati-ne copuvy of f the Nimeuelly Zlwer
sotunry, bub low silicste wster couples the swrisce in the reglom south of
Besttle vhere s levrge dlaton Bloom her probably ccvurred. fertunctely,
there are no gynovtie dete %¢ show the sinter dletribotion, bt spot dele
for the wintsr ponthe show thet elilcstes sre geverslly in bigh concens
tratlon, Some &iéiﬁ:ﬁ: ter are added to the Pugeld Soumd gyslez by deop wotere
soning In through Jusn de Pues Stredt. These silicste concsutrations sre

unualily of only swwrage veloe,



Sencongl varietion of pilicstes in the uprer 30 m, i shown in

Flgure 19 for both Piller Foint and Foirt Jefferson during the year 1939.

Geperally, the pitrote oongentrstione sve higher fn the eoselel aress

than they are further offshores Some nitrste is comtribubed by rivers sz
ghown in Toble ¥, bud bhe eovcentrstion iz mesll, The verilsel dletridbulion

in Puget Eound is characterised by s posk eoncondratlion ot some Inteoreedicle
depth of about 100 s, snd then Grops off towerds the botbos, Typdesl
expaples for etetione in Fuget Sound, Jusm de Puce Strelt sod the oven
Peolfie Opean apposr in Plpwe 18,

The retio of nibrute %o rchop

mte by aboue, 15 to 1, provosed ap
fnopmel™ By Uooper (1538) end shown Wy Overdrur g% ale (1946,pe 243) to
bold generally o the onvans, is someched high for Puget Scund walere.

bdedde from much peabber in the podnte, Flgwe 19 shose thet Do sletiong

P

following the uveusl Wwend; an sversge retio fo z:zf 10 %0 1 is glopew.

aN—!)

e devistion fyam the norsel fe atiributed to elther biclogiesl wrocessss,
which mey rogensrete the nlleates b a slower rode Yan prosphates, o 0
s tdegber ratio of vhesphate $o nitrete in $he soures meter. Ths lattar
eltsrnetive is rot seblefied by the river weter, ebick bar stma niltrste
but is slmost completely develd of rhosrbete. The incrossed fmfz ete
eontent of sewsge, however, plves e retio of 10 o0 1 for the stons of
nitrogen $o phosphorws {fawyer, 1942, pe T6%), Friday Herbor dels taken
over e peried of peveral ysers, 1951=1935 (Flifer end Thaw son, 1937, pe &5}
erow en sverege relc of 12,7 for 2Dk in mgeetomes Obwlously, whe retlo
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approaches the porngl as one poes sssvwerd., Thie le ln ecoord with the
data obislined by Haskeslrsw in the Ghlf of Haine where the raile is lower
snd nore verdeble then in the open ccoen outpide the Gudf,

Too saty conelupiong drewn on the besle of ihe nitrate deteradngtions
pny be sislecding because the sethod snd spslryeie for nitrete bave been
enly roughly cuentitative. However, repulie reported by Choe sod Roblason
{1953, pe 10} smploying & seneitive rolevogreptic meb od for ritrels

anslyvdie hove shosn thed the mrevieus date sre nob sericwsly lo error,

The nitrite form of nlirogen

iz the lover oxidatlon stetes found in
nonsroaducing oWironsents and tends to be eomevhat wstelle, It is
genereily Pound only inshore and neer the mmfsce In the wern o lers.
The redustion of sitrates %o siirites spinrestly seours by the solion
of denitrifylsg teoteris (lswm aod Thovooon, 1941, ps 17)e  Becsuse of
the spperent lesperstore dependensce of nlfriter, the seasonal waristion
shows high concentretiovpe in sy and Jow welies in winter In Puget
Bovnds & fyvieel essconsl waristlen of ndtrifes in the upper 30 me iz
shown in Flpwe 20,

13%tls can be-zaid comeerning bhe relatlonshly of shyteplerkicn
sotivity to the semsomel pleture of pitrites exeeph thet phytoplankion
pavipe sre followed Yy inereassd witrite concontretions, An fnveres
relationghiy exlete botween niteite end phorphete concentrotions. Vary=
ing nitrite eﬁamt of sos wetey roflschs an index of the oxidstlim of
the nitrogen organie ecupounde to ndirste, which in turn re-emters the
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Muesdme csovurs in substaniisl quantity ia ses
averege eovtent of wmiters in the fen Juan Jelend evsa scoording to

Haendler axd Thompson 5 "&,ﬁf},g bl

Heited high ﬁi‘mﬁ@i’"ﬁ, wdlong in lete ¢

panhretiong v slpntor,. fome svidenes v

slvninus comcentretlon with biolopiesl soblvity.

watar Wwre wee o slight incresse in eluimum st the dorth ey

1000 m vhere biph iron snd low oxygen veluse wewe found, Tf0ehows
tretivng wsre generally higher {15-6%/ug-at/l) than thoge Lfarhors

(6=l ug=at/1), bk no emrrelatisn eoold be sede with lend dra im@a &2 1o
siusinoe dete rsere glven Jop river weter,

Ameopds conesebretion iw dow dn gl

Ban Jompm lelsnds ard Jusn do Puge Divelt.e An exeertlow con b sude Pow

Hetkd,

the mopve plogrant e ine of oo Cepel and ©

Dounds & mexlious

tretion of 7.6 p;’?mtfl wae Lound st deotn in Basd

wWg the resalining

valuss wire less than 1.2 pgeat/l, (Hobinson and Wirth, 1934, pe 19}
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Trdg laek of somonis ndtrogen indicstes an absence of highly reduclng

jfansﬁon
eonditions and seedd odrenied

<8 of moloy.

Bovon eontent of ocgean wrters 1 elightly higher {(D.42 sgeat/1)
than thet of inshere wetore (Hero Streit, 0.38 sgeat/l, but the boram/
ehloride retin remsire nosrly constent (Igelernd, Thompsen, snd Zwlchker,

1938, pe 845« Orgende and other eomplex forme of beron beve ot beunt

revopted, These nay be signdflcent ge merine plante snd andsely srpece
o sonesntyste boren. Agee fros ike an Jusng vsrded in boron from fe2
o 149 ﬁgwﬁ;ég dry welpght bosis,

Browine escirs in eoneentystiong @i‘ 0057 P/o0 fn the surfote woiovs

of Faget Beuwnd af Polpd He Polrd end Port Tomesrd (Thampeon snd Xoppd,
1942, ve 35)e OComeentrerions incrcase with depth o abouwt 0,059 Yeo

et 100 meters. The wonipssehliorindty retio {q e

i reusrkelly sone
ghant for all wterg comined beling JA034. Conseouently, in the nive
palins woler off the comet of Weshinghon (479 08¢ 3, 128° 135 B) $he %@g‘sn
mine eomgeniration at the mufets recches 0,062 Yeo |
Cplolam eomeentrationg dn Son Juen lelsedd woter pre povsdiderelily lowr
{% mgept/l) than in the $pl? of Aleska (10,3 pme-st/1) but hirher then in
he mofees Etrait of Georgla weler {?-’;i,( moeat/lis The Us/CL retis is neorly

&

eepgbert rerging from U014 %0 0.0de for Cs dn agfie ap o555 0 540
where Ce le in mgeat/l, {Thouroom end Weight, 1930, pe 9193, £ sertein
ernount af epleiue iz edded by rdvers, but the comcentretion in fresh woter
is such ssmider than 4% ip in the sea. Thus dilution by land dreinege do-
dronsss the ealelue concanbretion in Puget Sowmd, The Jdifference in sals
sluwe concenitration belween fresh waler zid ses weter is relflectsd in the

lagper pereantage of calel i in the shells of mavine mwleeyrods than in
&1



the shells of fresh weter selearesun erganisme,

Gorper in the sem weter of the locsl sres hes been studied intensively
Yy Chow gnd Thomrveon (1942, 1984is). They cbteinsd sn sversge concentwre~
tlon of 0,023 pgeeb/l in 51l sasples enslyzed in the fan Jusn Lelands,
& gafinite pesponsl trend woe indicsted with en subum winluve of 0,016
pgest/l. The eoncentration of eopper varied dlveetly with the psountd
frosh weter from the Freser River in the eres snd inversely eith the
denedty, vhovrhater, end slllesten.

glightly lower values of o ver, from 0,016 to 0,020 pgeat/l, conpared to

the sverage inshore

yoluem, At Poind Jefferson in Puged Bowd the oone
sentration wag nesr the overall nversge, 0.000 ngest/l, Nesr Tacoms,
vowevers there wes sbond 1.5 times ss sueh sopuer s noveal =itk sbout
o053 wpwet/ls Thle ingregse in ewmmsentration wes atiributed lorrely te

the tallinge Jdischarped froe the szeltars of Taoosa,

mabor (Leke HGnshisgton; Lake Unlon) conbriboding o Vuget Sound weters wee

gnplyzed snd found to have goyrer esmcentretiong of LU0 }z@f&a%@fiﬁ) nesrly
four tizgs o greed sp syerage wes weter. Pren lopper congentretions of
gorper hove been detected in pome of the nepdlern rivers sueh se the Frasey

snd Hometlio (Th

rronhe

speon, personel eowmidestion), Thle ﬁ"#;wmﬁly B

o

that ronoff weters Ln the Peacifiec Portbrest flos Sheough eorrere-basring
ores sand sdd peasmaable guantitlss of eorper %0 the 2os wnler, 1% has
beon sugperted thet blolegleal provesses eoneentrete eorver (Chow and
Thompeon, 1958} In sn euwxinde environwend ae found in the upper resches
of Eest Bound, ooupsr ls rreeipitsted evidently se copper sulflide by the

bydrogen sulfide yresert, On sxpogure to kigh air tespersiuwpes Suring



the pussmer low Wldes, the gopper fulfide s oxidized %o copper mulfats
relewcing relatively lerge cuprer iom concentrstions into the weter, U
10 04046 pg=at/1 of copper occur in the weter at the head of Bast Sound
and 590 pgeat/ig In the sudimente.

Iron hor besn regavded for seme 1ime es one of the zimer constituvents
tn sen weter shich sele as 2 growkh fector im plyteplankion eynthosip
{Cran, 1951; Hervey, 1937). In the Fridey Harbow sres & decresss dn the
iron canbent of the weier oovurs in the ppeing monthe. (Thompeon %&
Presner, 1932, pe 292). Thds scasonsl trend is stiribured to the spring
Ploss of Matong. In fsvt Scund shere the lepkdon srodugtion wm,wﬁw@?
no fran wae detected in the puwwar smonthe. In Juan de FPues Strsit the
gonesntrebion rerged from Cobl st the muriees (o 5 o0 \;mtmﬁ.\,w ah X n
for the somer of 1531, For corrvesponding depthe EBervo Btralt webers goos
tained 0,75 wnd 206 pgest/) end Jan Juen Chennel wsters eontained 0.54
andl 1.52 pgeat e

Mogmeglum, selde from lte commerelsl extrection lrom pes  oler, 1w of

interer® blochemicelly In thet 3% forme She cenfysl sbom of the eoagplex

chlarorkyll seleeule, Howews , belpg one of the zelor gonetibeenis in

gee unter, 1% i mever s lisiting focter to rhwtoplenibon grovth. IHivers
digebarging into Puget found comtribute only smell smevrds of megmegive
{Tebla ¥} snd genecrally dilute the eontentyations in the pee weter. Fridey

Herbor surface vsluwe shoved M 6 ppent/1 shdoh

ie leser than the §ulf of Zlaske velue of 0 my~st/l. The sverepe negresiug
Foretis e neerly ooneband uh ﬁ ol = G047 or 2,7 when Mr de in
2 f s

mgeets, Thle ratio eleo bolde cife closely im of

el el

A

nhed es ﬂgﬁvw\ e ﬁﬁwvﬁ&



The calelumemagneriun ratis is likewise nesrly a eonslant ab UWJ2L YWy
weight or 0,195 by stome. (Thompeon sag ¥light, 1950, pe 9190,

Hengenese ie yresent in very small oopesntration In son woler, end 3%
bas been rogarded also se a growth feetor, {(Hervey, 1950). decopding %o
Thompron snd Bhisen (19535, Pe 136), concentoation is alnvst doubled by
the presesce of slapkbon in s sample of sater youw Sap Jusn Chansels
mfiltered sauplee eontaised .20 up-at/l shile (iltered omee eonlgined
only Gell up~st/l of mengences per liter, Bwilsge weter [rom Hood Capel
a% the mouth of the Lilimavp Elver esontsined only (.05 ugest/l. Flankton
eoptain high concentradions of meangenese with ebout U079 or 12.7 mi-at/kg
on the beeis of ssh welghd. Bolice sowples conlained resorikebly hizh oone

sontretiong of manguroee for certedn arees ssepled. Porte of Hood Cansl

showed &n averspe pevoenbage of Uedf or 509 mgent per Rilogrsn of dry sud,

panple off Sbingle lelund, coutheast Alsshe, sove anslyels of C.258 o
S mgeat /g of dry wnde Gosmeneasent ey off Tecomn geve only 0.07%

o LeoT mgeatfhg,  Host of the high etmcentratlone cgenrred in distonzesous

e aralyele of b

Redlun in sse wnier and sedlrente bog been pludied oUbh 2orsiderable

Interert by several lvvesligetors, beesvse of the stleviue given W radiow

by Ry wrominsnd Jlscoveries esrly in the eonbuy. In the Zan Juss

frebipelinge we

tnre rediosetlivity luceesses from the marfaecs be Lhw bolbon

{Teverubra, Thowreon snd Poterback, 1932, pe 263} Comperdd 4o Julf of
Aleoks saters, the sverage radiosctivily of thoce weleve is lower, bub is kijhe"

body



than that of Califorrie offs smliong of
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Thompeon (1954h) shome thet wotey In the Priday Herbor eres hes & range
in sbrontise content of 72 /tzgam/i 4o HE }@,ﬁﬁe Tu Feeifie Ooosn
water off the Werhinghem const the ringe is from 87 to 9% ugeat/le The

syarage strontius eontent of ges weber with & eholorinlly of 19.3% ﬁf@;@
ig 95 ugeat/l, Presh wster conteing enly treess of streption outside the
range of pensltivity of the Ilase pholomelric teckni ue ewpluyed fop
syalysiss The Duneticn of eieontius in merice crgenless ls wibnown, bud
work belng oondusted cwrently {Chow, Sewdner) showe thet different
orgoniens ubtiiize strontiun in ddfferent yetice 4o calolum,

Bulfor cocurs in sse weler ehlefly ee sullate, one of the elght
wejor aonstituent feng. Aesording o Thompron, Leng end indersos (1927,
pe 207} congunfretiong of sulfete dn Puget Sound wary from 20,5 o 250
sgeat/le Tater in the Ssn Juan irehipslego reeches s meximun of i6e4
sg=et/l ond thet in the nordh Pecific, oo the Llaskan eccsty verles fros
5e% B0 2640 mpest/l % the surfees, The deep waber hus 8 higher eulfste
gongentrotion with 28.3 mpwat/l #b 110 meters, River wsler bes & Jow eule

fate content comparsd %0 sen wrber ot hee & bigh zulfstesghlor

b oemeentration of 0.1B5 mgent/l vas reported for the Siegit fiver whieh
gives 2 sullnte-cilorinily ratlic of $4.0 with the sulfote in mpwely/l. For
Puget Sound e retic is only 1.48. Homee the proporticonslity constend of
sulfete to eblorinity le dlsturbed whew the see waler lp dlluited Ly nore

than en euusl volime of frosh weters Adsorplion of tho pulfste lsn on

eeiloddel perticles cerried by river wober woy lower the rotlc, {Thoppeon,

Leng, and indovecn, 1927, pe 281). DBlologlesl sobivity pencrally reduces

4



gecirred and oxygen has been depleled eompletely ly bacteriss, Un expioure
% the stmorrhere or to sefer with high owygen conlond, the suilide vey o
sxldized begk to sulfete or &)

Titandum ir present In ses water in extresely manll concentrsiiong.
it bar beon dotected both spectroprerblcelly and srectro-photonetrieslly
bt ocours only to the mutent of 0.04 pgest Ti/L In Puget Bownds In dlatome
1 %o 60,0329 T4 on dry weight besie hee been fownd. Ses

a8 such as OL0E
mudp covtadn appreciable cuentities of T4 and & sanpls dakem from Eset
Bound gave U.207F titenium in the dried @&ﬁ‘%%wsﬁ% (Griel snd Hsbineon,
1652, ppe 176-178),

The foll wing other econstitusnis hawe heen detected in or near Puget

Lestopie weter, Thess ore reviewsd elasewhere {Fuget Sound Litersture Survey,

Volume 111, 1954)

iaprestionsg for Putuve ok

ls Weterr Prom all the weyl ue vivers should be smalyped for thelr

gheniesl combent 4o yrovide & sore complels snd sore securste detiae of
the chendstry of runofl ssiey ip Puget Pousd,

2, The wmelling off the nerthmestern Yeshington eveed lus yst %o be
definitely setabliched by on inienelive ocesrzograpiie study.

o

Se The phosihate bulget ehould be chooked nove eerefilly on & mostle

tosponth baels Shreughout the yesr %o give & nore securste sessorel twrend,

hox %it?%%a‘éiaﬁrihmﬁi@a shoold be grelysed coreluwlly Yo determine mny
piuilerity «ith thet of rhoerhate. The sezrorsl wericti ns of nlirites snd
gilleaten in Puget Sowd nead Yo be lnvertigoted more $horoughly,

5. Yesrwtowyesr varisti-ns in the nutrient relte in both Pugzst Sound
and Jusn de Fuoos Etraltd should be shudlied to determine any longeterm gyeles,

{7 7



Huah ﬁﬁt‘ﬁ& on thers sre avellable frem 1932 to 1542,

64 Different aress in Fuget Sound such gs Heod Conal, Fossession
SBound and the sowthorn seotion below Teovme Herroms should Be trested
_ipdepondently cn sn snmouel budget besis to provide & better oversll
urderstanding.

nebion shouldé be meds of the bottom witers o
whudy She relstionghdp mtw the dissolved czygen snd phovphete odhie
gentretione. This ghould detersine ohanges due to Woloplesl sofivily
and those dus o sdveeblon and éiffupian,

s Gareful cheninsl evglyeie of the podimente wondd be of value

particulerly for deterninetion of rhogphopus, copper, iron and nenpsrepe

soshante

The '&{i’tﬁﬁfx‘ﬁ wizh %o seinowledge the meny velustle muggestlons sumdled
by Drs. Flesing, Jernes, Theupson, Hetirey, Chow, Fafzm%ﬁ, iy, Lineoln
snd Er. Bomg with vhom peaybe of tide peper weres discussed on pumeroue
cecesions, To Ire. Barnes, whe provided the recent occanogrerbic date and
enprelully ohecked the seotiong of the July, 1933, @uleey to Lr. Thospeom,
whe supplied the long=%ers date teken By ¥. V. Celolyed, 1932 Yo 19425 s»nd
bo ir. Prouetie, whe mede svalleble reeulis of euwrrent meswuwrepants, Novew
Dog, 1952, the subiors extand thelr gretitude, Buch necigbenes wee yrovided
in the bibliegravile sesreh Yy Mr. Mclellen snd r. Doyle, Thanks are duc
Mr. Collas and fus technieal assistants for fpocessu'nJ of the recent

datz and o Me. 'Doyle ond his staff for Preparaj':bn of the figures.
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TABLE 1 Comparison of Annual Maxima and Minima for Some Dissolved Constituents in Various Marine Regilons=—-w=eem—=

REGION Phosphate /ug—at/l Silicate sug-at/l
~ Max, Max.

Puget Sound 2.4 61 2L
(W7° Lu'

1220 251 W)

Strait of Georgia 2,0 62 22
(L9° 15 N

1230 L7t W)

Juan de Fuca Strait 2.1 55 19
(48° 18' N

124° 03! W)

Friday Harborl 3.3 80 33
Olga, East Sound 2.2 L9 28
B ering Sea2 2.0 70 5
Barents Sea 0.63 - -
Gulf of Maine 1. - -
English Channel 0.55 n o
Fjords of Schles3 10. - -
Wig Holstein

Anarctic Ocean 1.7 0.9 30 5

(South Georgia)

(Average in Depth O - 25 M.,)

Nitrate yg-at/l Nitrite

ng-at/1
Mine

65

.03

09

Idterature Source

Present Work

Tully and Dodimead, 1954

Present Work

Phifer and Thompson,
1937-38, F. 57-58
Present Work

Barnes and Thompson,

1938, P.79-83

Sverdrup et al., 1946
P. 939

Sverdrup et al., 1946
Fs 239

Sverdrup et al., 1946
P. 939

Kandler, 1953, P, 196

Sverdrup et al,, 1946,
Pe 939



TABLE 1 {Continued)

REGION Phosphate /ug-at/l Silicate /ug-at/l Nitrate g-at/1 Nitrite /ug—at/l Literature Source
Max, Min, Max, Min, Max,e Min, Max, Mine

Northeast Pacific 1.1 .03 - - - - 0,! O Goodman and Thompson,
Oceanlt 1940, Pa 27-30
Northwest Pacific 1.5 .05 - - - - - - Graham and Moberg, 19hl
Ocean ’
Of f Washington «23 - 2 - 3.1 - 0 - Present Work
Coast L6O N.
127° w,
Southern Calif. .63 31 - - - - - - Marine Life Research
320 051 N, Program, 1950.
124° 55¢ W,

Extreme Surface Values
Average for Upper 10 M,
s by 5 Max, and Min, Represent Regional Variation in Summer

[RS RV S



TABLE 11 - CHARACTERISTICS OF SOME NORTH AMERICAN RIVERS

Drainage Mean Annual Dissolved Suspended tal Annual
Sampling Basin Area Discharge Substances Substances ssolved Material
RIVER Location (Square Miles) (Acre Feet)6 (DePoma) (pepom. ) (Tons )
Mississippi New Orleans 1,245,000 L3l x 109 166 1,400 97.8 x 106
Columbia Cascade Locks 239,600 129 x 10° 97 40 17 x 100
Colorado Yuma 200,000 15 x 10 707 8,L60 15.3 x 100
Rio Grande El Paso 38, 600 0.86 x 10° 699 1L, 140 .82 x 10°
Fraser New Westmin- 85, 600 88 x 106 69 73 8.23 x 100
: ester 6 6
Skagit Sedro Wooley 3,191 12 x 10 L8 19 0.78 x 10
Cedar Ravensdale 149 .63 x 10° L9 L2 1,21 x 108
Green 1ot Springs 385 .85 x 10° 55 7.0 6.37 x 10U
Wood Creek?®  Everett 86 13
Snohomish3 Snohomish 1,734 8.68 x 100 86 13 1,0 x 106
Duwamishbt Near Auburn 188 1,05 x 106 55 7.0 7.9 x 104
Total Puget5 Average 11,077 37.2 x 106 63 15 3.7 % 106

Sound Rivers

Gauged at San Marcial, N. Mexico

Drainage area and discharge not available

Suspended and dissoived substances based on Wood Creek data
Suspended and dissolved substances based on Green River data
Averaged from available data

1 acre-foot = 43,540 cubic feet

ONVLET\W PO
i



TABLE 11 - CHARACTERISTICS OF SOME NORTH AMERICAN RIVERS: {CCNTINUED)

Total Dissolved and
Suspended Material

Total Annual
Sediment Deposited

Dissolved Substances
per Sq. Mi. of Drain-

Sediment per Sq. M.
of Drainage Basin

Scund Rivers

RIVER (Tons) (Tons } age Basin (Tons) per Sq. Mi. Drainage
Basin (Tons)

Mississippi 500 x 106 Lol 7845 479.
Columbia 7 x 10° 29,2 71 100
Colorado 18 x 10° 920 76,5 996

Rio Grande™ 16.5 x 100 L27 21,2 118
Fraser 10 x 106 116.9 96.1 213

Skagit 0.3 x 106 el 24l 338

Cedar 3610 21,2 282 306

Green 8100 21 165 186

Wood Creek?

Snohomish’ .15 x 106 8.4 576 661,
Duwamishlt 1.0 x 104 20,6 162 182

Total Puget 076 x 100 681 289 357



TABLE 11 - CHARACTERISTICS OF SCME NORTH AMERICAN RIVERS (CONTINUED) = 3

RIVER
Mississippi
Columbia
Colorado
Rio Grande
Fraser
Skagit
Cedar
Green
Wood Creek
Snohomish
Duwarish

Total Puget Scund Waters

Dole, 1909, p.77; Holle, 1952, p. 111; Twenhofel, 1950, p.226.
Van Winkle, 191L, p. 89, 98; Clarke, 192k, p. 89.
Stabler, 1911, p, 101; Twenhofel, 1950, p. 223-L,
Stabler, 1911, p. 101; Twenhofel, 1950, p. 226,
Johnsﬁon, 1921, p. 23, 25,

Van Winkle, 191lL, p. 38; Clarke, 192h, p. 90,

Van Winkle, 191, p. Ll,

Van Winkle, 191L, p. L6,

Van Winkle, 191k, pe LO.

Van Vinkle, 191k, p. LO.

Van Winkle, 191k, p. L6.

Caiculated,

T T G s e e O . . 5



TABLE 111 ~ Composition of Air Extracted from Rainwater at Different Temperatures and of
Atmospheric Air, (From Clarke, 192L, p. 5kL).

Average
Adr From Rainwater at Different Temperatures Atmospheric

ELEMENT 60 C. 5°C. 1CY G, 15° ¢, 20° C, Ajr
Oxygen 33.88 33.97 34,05 34,12 3he17 21,00
Carbon 2492 2.68 2,46 2,26 2.1L 0,03
Dioxide :
Nitrogen 63,20 63.35 63449 63,62 63,69 78.00
Argon 0.97

Total 100,80 100,00 100,00 100,00 100,00 100,00



TABLE 1V -~ CONSTITUENTS OF SCME NORTH AMERICAN RIVERS (ANN

RIVER
Mississippi
Columbia
Colorado

Ric Grande

Fraser
Skagit
Cedar
Green

Wood Creek

Snogualmie

Puget %ound

Rivers

Years

Measure-
LOCATION ments,
New 190506
Crieans

Courchesne

near ¥l 1905-07
Paso

New Weste
minster 1919-20

Sedro 1910=11
Weoley
Ravensdale !
Hot 1910
Springs (7 mo.)
Everet 1910-11
Snoqual- 1947
mie Pass

Average

5 g
3 2y
o @ @
T &85
& A2
1,100
27 1o
8,L60
1h,150
73
12 - 19
5 Le2
6 7.0
10 i3.0
Slight 3.1

Coeff. of
Fineness

1,97

L MEAN IN P.P.M. UNLESS OTHERWISE STATED)

Iron

O F

n
n 2
oS (Fe)

oo
.

oW
0 et

@]
°

O
N

0.04

0,01

0,08

S

Calcium

g
Rt
is}
)
2 8
S 8 =
S 2_1 N’
3k §.95
i7 3.5
92 23,3
05 18,2
1.9 2.1
1.9 1,7
6.7 1ok
6.0 1.3
806 . L!S
(Ca0} (MgO}
5.7 Trace
T6 1.6

Sodium and

@
£ © &
= 2 =
e o 3]
[ o o L2
0 C O~
[O IR L1 g
o2 RBE8.3
Gy~ O ~m
13.8 58,0
8.9 0,0
113, 2.0
112 0.7
5.5 20.8
3.6 0.0
3.6 0,0
5.6 0,0
7.6 4,0
(Nage)
8,6 0,0
3.9 0.0

1 Based on chemical data for Skagit, Cedar and Green Rivers and assuming that the
Green Hiver data are representative of the Duwamish River,.

i L -
@~ g
S
T O — 3 O
[ves =S o u
oo~ U2 g s~
25.5
69 12
233 184
238 210
13,2
29 8,2
28 5.7
28 5.9
51 7.8
(503)
29,2 I1.C
29 7.8



,z>
td

RIVER
Mississippi
Coluwbia
Colorado
Rio Grande

Fraser

Cedar
Green
Wood Creek

P

Snogualmie

IE 1V - CONSTITUENTS O

Nitrate
A
/

Radicle
(N03

2.66

0.2

0.20

Chilorine

Puget Sound Riverle.ZB 1.C

1 Based on chermical data for Skagit, Cedar and Green Rivers and assuming that the Green River data are

OTHER

Dissolved
olids

~
5

pH

? .08

representative of the Duwamish River,

R¢VEPS (ANNUAL MEAN IN P,P.W,

TINUED - 2)

0.75

UNLESS

REFERENCE
Dole, 1509, p. 77
Van Winkle, 191L, p. 89

Stabler, 1911, p.28

takler, 1911, p. 103

Johnston, 1921, p. 25

Van Winkle, 191k, pe

Van Winkle, 191l, Do Lk

Van

Winkle, 1914, p.

Van Winkle, 191l, p. LO

Williams, 1949, p. 134

.

Calculeted



TABLE V. Relative Concentrations of Various Chemical Constituents in Rivers Discharging into
Puget Scund and in Sea Water in Puget Sound and Offshore (in /ug-at/l unless stated
otherwise ),

[0}
= 2 e S
3 @ 2 o 5 8 58 =
@ +L © © O £ gl U Q (. °rd
= o £ +# 0 3 o $4 0 = g u =
Q. (] [0 el & o) &~ [ Q t‘dﬁ = 0 Q
0 — 1 £4 3 Q o) 24 ol o i @ O
9 7 H 5 8 r d & e 3 5 T b
AREA A N = = o S 3 ] = P> = v & n
i a
Puget Sound Trace 165 3,7 2 L7% 1902 28,2 0,070 1,432 66 0.05% 3.9 Trace
Rivers :
Puget Sound 2.0 L2 20 .3 9 x 107 62 x 105 0020 0.7 L6 x 103 47 g7 x 103 802
Water '
Offshore 0.3 2 3 0 2350° 10.3 x 103 Le95 x 10° G.018 50 x 102 0. 18 10.8 x 103 98

Pacific Ocean

a., Friday Her twr Data From San Juan Channel,
be. Frem Mouth of Liliwaup River, Hood Canal.

c. Average fcr the Cceans,

& Sulfate

N
V]



TABLE V1. Computation of Fresh Vater in Puget Scund, July 1953 and February 195k,

DATE

July 18-22
1953

Febe 15-19

1954

Volume of
Section

Frzction of
Totzl Volume

DATE

July 18-22
1953
Feb, 15-19

195k

July 18-22
195k

Feb. 15‘19
1954

AVPRAGE SALINITIES AT VARIOQUS STATICONS,

Camano Fleasant
Towmsend Jefferson Head

Sa
5L 29,85
28,86 28,92

249 (nmi’)

CONTRIBUTICN OF EA
AVERAGE SALINITY OF PUGET SOUND

{ SECTION (fs) TO

=
-3
3!

Fllar

Ave, Sal,
Puget
Sound
Su= £S5
29.89 O/OO
28,99 /oo

29.89

28,99

FRESH WATER IN PUGET SOUND
BASED ON PORT TOWNSEND SALINITY

% Fresh Water Fresh No. Days Discharge
in Puget Water of Puget Sound Rivers
Sound Volume  (Using Annual Mean

Discharge).
Sg=Sy x 100 (n.mi)3
SB
4a29% 1,112 56.6

3.04% 0,805 © L1,0
FRESH WATER IN PUGET SOUND
BASED ON GILLAR POINT SALINITY
10.85 2,88 1h6.5

762 2,02 102,86



TABLE V1l, Organic Production Computed From Phesphate Depletion.
Puget Sound Compared to Other Aress,
(Mostly from Sverdrup, et. al, 1946, p. 938 and Buch, 1952, p. 51)

LOCATION PRODUCTIQON
" Carbon gm/me/year LITERATURE SOURCE
Point Jeffersont 30-111 Present Work.
Puget Sound
Dry Tortugas 27 Sverdrur, et. al, 1946, p. 938,
English Channel 8L Atkins, 1923,
Barents Sea 170-330 Kreps and Verjbinskaya, 1930,
Long Island Sound’ 138350 Riley, 1Sl1.
Gulf of Maine’ 270 Riley, 1Skl.
Sound of Elsinore, 110 Steeman kielsén, 1537.
Denmarlk
Hango (The Baltic)h 2l Buch and Gripenburg, 1535,
1 Minimal guantity from February to July
2 For six months
3 For whcle year with nutrients used several times
} Minimal quantity from 21 March to 21 April during rapid diatom outburst from

beginning to its maximum.
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