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Tue Use oF Stasie AcTivasiE TRACERS IN HvDROLOGY
InTRODUCTION

The water which men uses is primarily fresh water from rivers
and lakes because of its aveilability and accassibility. Unfortunately,
rivers have long bee used as a means for disposel oF waé tes. It is con
mon practice to discharve sewage into streams and even when westes mate-
rials are buried, groumnd water may carry sare of these materials in
solution and discharge it into streams.

Increasing human activities have resulted in an exponential in-
crease in the amount of sewage and waste being discharged directly into
rivers. Such large outpour of pollutants inevitably wsets the natuc-al
self-purification capability and balance of the agueous environgeat. VHth

ever increasing demands being placed on surface water for disposzt OFf

)}

man's waste products cabined with the duindling quentity and cuality o
"pure"” water available for human comsunption makes it imperative that the
capacity of these waters for assimilating wastes be known for the protect:-
ion of their many beneficial uses. Thence one can establish a meaningful
discharge standard and/or devise optimim stratagies fox improverent of
water quality. It is equally importmnt to be able to "trace" or tradk

an

dowmn the "natural"” or man-mads pollution sources, which may bz unknown

or unseen, as well as thelr ultimate fate in the receiving water in oxder
to achieve the objectives mentioned above.
The use of tracers of one type or another, to investigate phenc-

mena in hydrology that have not previously bheen easily amsnable to in-

vestigation, has been an active field of study within environmental



sgience and enginceering. Jong the nany phancrens studied are (1) Wlow

Ls

es (2) Dispersion coefficients (3) Ground water chacacterization (4)

*and "charocterization®

Sedirent tronsport (5) Soil erxozion (6) "Irecing
of pollution sowrces.

Numerous types of tracers are availible end amploved in various
hydrologic studies but cenerally they fall into three main categories
(1) Chemical tracerse.g. Nall, KIS0 n I<2CO3 etc., (2) Radioactive Tracors
such as Rb-86, Tritiwn, P-32, I-131, Br~32 etc. (3) Dyes such as fluore-
scein, Rhodamine-B etc.

Chemical tracers have been used successfully on a maltitude of
occasicons but vsvally such tracers have to be added in hich concentrat-
ions in order to xamain Cetectable after subsecuent diluticn end to alle~
viate the "blank" problem. Also when tracers of such hich concentuabions
e used, the density of the tagoed materials will excecd that of the
natural water and they cre o longer hydrolowically equivalent.

Radioactive isotopes® *r?r%r%/% are conronly used tracers in
shudying various hydrclogic phencmena. Unfortunatoly, there are situat-
ions where the use of radioisctopes is inadviszble kecause of safelty
or public health considerations, The use of long-lived radioisotopos are
usually avoided because of theoir lony resicdence time could cause Long
teiin health hazard but if short lived isotopes are used; then rigid
time table rmust be followed. Also the use of long or short-lived radio-
tracers in the environment is becaning politically wnfeasible; typical
lead tires to do rediotracer experiments in orven strears are fast be-

coming a year or rmore due to regulatory problans.



Nurerous fluworescaent dyes 77%r? such as Bacdamire B, Pluo-

rescein etc., are also frecusntly encountercd in water resources research
but suffer several drawvecks; awong them vz (1) thoy presenl eesthe-
tically dhijectionebhle modificaticns of water color,; (2) occurence of
photochemical decay of mamy fluorescent dyes limit their uses to short:
term studies; (3) dves applicable to water of high quality only. Heavily

polluted water with hich turbidity and color interferes with the use of
dye tracers.

In brief, all the aforamentioned tracers suffer cne or more
shortconings and nome are ideal. S0, a persistent phencranon in using
tracers of one kind or another is the loss of tracers with time. The
limited data now available indicate that the added material may upset a
previovsly stable chamical rogimen with the result that somwe of the
tracer material is rawoved hy the biota and sedirments in the rivers. With
the above considerations in icind, it is obviocws that thore is need to
develcp a conservetive fluld-bound tracer of highh colution stebility
which is safe, readily available, rcasonably priced, with hicgh detection
limit/sensitivity, low natural backovound concentration, that will cha-
racterize the flov of the water mass heing traced without retardation
due to chemical or phyvsical reactions and without modifications of the
intrinsic transmission characteristic of the water body. This develop-
ment would bring sionificant vrogress to water resources and hydrolo-
gical studies.

The choice of a specific tracer hinges on its meeting cer-
tain basic criteria. It is prohebly naive to assune that a single

tracer would be appliceble to all natural waters. To the extent that



rtics of natural water sy

the chemical,; rhysical and biclogical nroz
tems vary, the choice of tracers may also vary. Some of the basic cri-

{teria that muizt be met are:

(1) Tracer should pessess a hich Cetection sensivivity for

the particular mode of analysis.

(2) Tracer should b reasorable in cost in teimms of bobh tims
and lmcerials.

(3) Tracer shouwld have a low naturel oncentraticon in water
rass intc wiilch it will Le introduced.

z

{4) Tracer shculd noc ke hazardous at the concontrations cr
tol: ]l amount necessary for ils uso.

5) Tracer shovld romain in solubion, resisting precipitation,
r -

sorpticn etc.

L.-‘

It this point, it would be apprcpiate to define the tewn

Stable Aztiveble Trecer. A stable activeble trzcor is esgentially a

chenical elerent or stable non-radioactive ruclids thab one injscts into
the system under study,followed by sarpling cod neasurement of the tra-
car concentration by activation analysis.

Not wnlike othey tracer tecdmicue, in ovdzyr to choose the

[

appropiate stable activable tracer, the aforerentioned criteria should

be met to an appreciable degree. Tn addition, it shovld possess Lavours-
able nuclear viopertizz and that include:

(1) v therwmal neutron cepture cross ssction of the isctepe
should be appreciahleo.

(2) The produst fram the (n,y) activation of the stabls



isotope should have a half-life of days or les:z end should emit readily
detected gaiana rays.

Propably no wiversal tracer exists that is suitable for all
problems. A mudber of excellent studies have been carciad out and some
of these are suwmarized by Kruger!®. Tn a serics of experinents at tha
Pennsylvania State University. Jester end co-workers'lrl? used Br-
and I~ (along wilh scme studies of V3+ and Co™ T jons in natural waters)
to mimic the movenent of soluble speciss in natural waters. These stu-
dies were incaiplete in that no attemspts vere made to cuantitatively
rmeasure the stability of the tracer in the systers under studv and bha-
cauce of the hicher concentrations of thege elaments in natural vaters,
it was not possible to do large scale pnllutant tracing. In a pioneering
survey, Channell and Kruger!'® studied the possible use of rave earth
tracers to follow pollutant dispersion in San Francisco Bay. They were
able to demonstrate thz gensral feasibility of this approact, bub again
the lack of detailed field studies of the tcacer stebility , the conser—
vative nature of the tracer; as well as not utilizing the capability of
simuitaneous rultiple source tracing leaves many unanswered quaestions.

In wnpublished work, Hansenl!® actually conpared the bohaviour
of long lived Eu,Thb and In activable tvacers with flucrescent dye Rhod-~
amine B in small (0.5 mile long) stream. Over this distance, Hansen
showed the conservative nature of the tracers but did not demonstrate
the economic viability of these tracers of theivr use in large scale

experinents. In a preliminary study Schmitt et al.1® chowed that the

dispersal. of La and Sm could be followed in rivers but made no atteiwpts



to study systamaticelly the use of these elemants as tracers. Indiunm

and scandium ware used as steble activable tracers for in-plant move-

rents Oof water in wastewater treatment plants by Craft and Lich 1zth,
Dahl and co-workers!? have shomn that In(03) 5 could be used to trace
water stream pattems and pollutent dispersal in and avound the hoxbor
of a MNorwegian town.
In this work, we explore the feasibility of using rare
,

earth elements with short-lived activation products sudi as Dy or

I as stable activeble tracers. The rare earths are easily detected by
instrumental neutron activation analysis alloving long renge pollutant
tracing and the use of environmentally insicnificant tracer levels
while the use of short-lived activation products allows rapid sample
analysis and thus makes the tracers move cost competitive. Mlso the
proposed use in our work of rarve earth nuclides with short-lived act--
ivation products compared to the longer lived activatisn products
proposed by Channell and Kruger should greastly improve the econanic
viability of the activable tracer technique, o stumbling block in

the Channell and Kruger studies.

How does the stable activable tracer we piropose to develoo
rmeet all the aforementioned criteria? Pirst of all, lei us examine
Table I which includes some representative figires comparing some
rare earth elenernts, which, vhen subjected to neutron activation analy~
sis, produced the greatest awount of activity per dollac of tracer
cost. This is of course, ecuivalent to asking which tracer is simul-
taneously cheap and essy to Getect. Again, in conpiling such a table,

the nuclear properties (i.e. cross sections, hali-lives, camna ray



Table I: Properties of Some Rare Earth Stable Activable Tracers with Short Lived (tl/2<:l Day)

Activation Products.

Element Cost ($/kg)® Target NuclideP EY(%Abundance)b t1/2b g/104cts Cost($/104cts)
Ce 45 Ce-136 446.0(2.3%) - 9.0h  0.085 3.8%10 >
Pr 236 Pr-141 1575.5(3.7%) 19.2 h  0.018 4,27x10:2
Nd 176 Nd-148 211.3(27%) 1.8 h  5.,93x1074 1.04x10
Sm 320 Sm-154 104.3(73%) 22.997 m 3.3Ix1075 1.05x1073
Eu 3960 Eu-151 121.8(37%) 9,30 h  1.32x10~/ 5.24x10
Gad 3720 Gd~158 363.6(9%) - 18.706 m 1.11x10™4 4.13x10
Dy 920 Dy-164 94.7(4%) 2.33¢ h 1.56x107° 1.44x10°°
Ho 1100 Ho-165 80.6 (54%) 66.78 m  2.42x10°° 2.67x107,
Er 420 Er-170 112.0(25%) 7.519 m 3.61x107% 1.51x10_,
¥b 860 Yb-176 151.0(16%) 1.900 h 1.77x107% 1.52x10_
Lu 18000 Lu-175 88.4 (10%) 3.679 h  2.04x107° 3.67x10_
In d 1760 In-115 1097.2(80%) 54 m 6.80x1077 1.21x10

Alfa Catalog, Ventron Corp.. Danvers, Ma,1977-1978. (Large guantities can be purchased at signi-
ficantly lower cost.

C.M.Lederer,J.M.Hollander,I.Pexrlran,Table of Isotope, 6th edition (Wiley,N.Y.,1267)
I.Binder,R.Kraus,R,Xlein,D.lee and M.M.Fowler,"A Chemist's Gamma Ray Table",Lawerence Berkeley
Laboratory Report,LBL~-6315,June,1977.

. . s s i . s
Assume 1 minute irradiation_at a flux of 10+° n/cm2/sec. Delay of 5 m, count 3 m. Sample position-
ed one cm away from a 40 cm” Ge(iLi) detector.

In is not a member of the rare-carth family, it is a well known stable activable *raceyxy and there-
fore included here for comparison purpose.



enerqy efficiencies etc.) chemical costs and amount Of ch teal required
are all incorporateci into the calculation. It should be fairly chvious
by examining the table that Dy and in are by far, the most cost effec-
tive tracers using stable activeble tracer tecrnicue. (Dy i a prototype
for the rare ecarth tracers; In is a well knouwn stable activable tracer.
Dy is the thing wder study vhereas In is used for cciparison purposes.)
Furthermore their radiocactivities arve such thet analyses can be perforr-
ed in the laboratory in less than 15 win /sample, thus enabling ilow
analysis cost and rapid availebility of tracer w/pz-zr;i,_‘crentvI'esults.
According to the cstimate of Channell ond Rrugeri®, the rarce
earth stable activable tracer technique has roughly the sase cost as

le gstudies (10 million acre

o

radiotracers for intermediate and Jarge sc

13

feet or 1.23 x 10" liters of water or greater) énd a factor of 2 - 5

times cheaper than the use of Fluorescent dyes. Cur estimate for a smalloer
s

scale study ( - 5 x 7010

liters) using dysprosivn insteac of the lanthan-
num erployed by Charnell and Kruger showss that the stable activeble
tracer technicue is cheaper Ly a factor of ~ 3 to 4 times than radio-
tracers and yet carparable to the use of flwrescent dyes. Table IT is

a carpilation of our estimate which corpares the costs of using the
three different tracer technicues. The cost estimates are to be teken

as rowih approximations anl are intended mwerely to demonstrate that

the costs associaced with these technologies are similar.
Notwithstanding that cost is an important factor in selecting

a tracer, it is also critical that the tracer one erploys for a speci-

fic study has a low natural backgromnd concentration. Some ropy eoentaltive



Table II:

Volume of Vater tagyed 5 x 10 liters
buration of Exparimant 1 day
Number of Samples taken 100 samples
. a
Phodamine W7T
Weilght needsd 110 1b
Tracer Cost $ 457
. d
Analysis Cost $ 200
Total $ 557
Tritium”
Aczivity necded 81 Ci
Tracer Cost S 243

. d
Inalysis Cost £3000

Total $3243

DvgrosiggF

Waight needed 10 1b
Tracer Cost $ 250

-3

Analysis Cost $ 600
Total $ 850

A. Tracer cost bas=d upon an average minimum concentration of 1.3 x
1075 g/m3 and a tracer cost of 4.15 dollars/lb.
. Tracer cost based upon an average concentration of 1.622 nCi/l
and a cost of $¢2,/Ci for Tritiwa.
c. Tracer cost :2d wpon an average concentraticn of 100 ng/l and
“~ T,
3

-~

a cost of Dy of

d. All samples analysis charges based upon current charges of Oreqon
State University in-house service analysis groups. The tritivm
analysis charcge includes cost of pieconcantration.



JO

elerental abundances ir river water eye shoen in Toble TIT. Framinasion
of Table III shows that the cholce of Dy and In, due to their low natu-
ral akundence in naturel water system, is warranted,

As far as haznxdous nature of the tracer is concoewned, the
use of rare-earth tracers posas no detrimental effects beczuse the
tracers are non-toxic at the concentration encountered in environmwental
studies. Table 1V shcws the tomicity of sans rare earth corpounds in
laboratory rats. asswre ‘hat the sames 1D s @pplics o hurman reings, it
vould imply that a man who weighs 80 kg - would have to injact the equi-
valent of 88 gwm of Iy metal to achiev: the LD5O cencentration essar--
ing ail 2y ingested 1s retained. The tywical Dy tracer concentraticon
in the Willawstte Piver experiments is about 59 ppb  (parts per killion)
including the natural background end that would meesn he would have 1o
drink approxinately 10 liters of Willamebte River water in order to
reach the LDy, concantrab ion. This is equivelant to drinking the whole
Willamatte river and that is rather impossible.

As yet there is still the unresolved question of tracer
oss vhich has plaguedmost experiwenters. As indicated earlier, in
tracing fluid vouxd substences, the tracers shoold rewain water soliuhle,
stable and conservative under "real®” situations. To alleviate the pro-
blem of tracer loss, one. approzach has bosen the use of chelating agents
that foam coplaxes of high stability with the traczers and allcw them
to remain soluble in the proscnce of adsorbing matecials es woll as
ctirer chermical or biologicil species.

he metal chelates of aminocarboxvlic acids of the rare



Table TII: Elemental Compocition of River Water

Elemaent**

Ag
Al
As
Au
Ba
Br
Ca 1
Cca
cl
Co
Cr
Cs
Cu

[cNeoRoNeoNoNNoRY NoNololNololNol

A~ I
Q W
DN C O

La
Sm
Dy
In

[9p]
R
OCCO0O00DO0OCO0O0ODOOWO OO

*¥* A1l concentrations

.00013
.34

. 0004
. 02006
.054
.021

.08

.8
.00090
.00018
.0002
.01

.67
.001
.00008
.3

1

.002
000035
.3

.005

.9 x 10710
.0015
.02

. 00004
.08
.00002
.0086
.001
.001
.01
.0026
.000009
.00033
.00012

16,19,20,21,22

Ranoe

0.00001 ~ 0.0035
0.01 - 2.5
0.0004 - 0.23
0.009 - 0.15
0.005 - 140

4 - 120

5 - 35
0.0001 =~ 0.006
0.0001 - 0.03
0.000C5 - 0.0002
0.006 - 0.4
0.01 - 1.4
1.4 - 10
1.5 -5
0.00062 ~ 0.13
3 - 25
0.0006 - 0.12
0.001 - 0.06068
0.003 - 0.8
0.11

0.00002 - 0.05
0.007

€.0002 -1
0.00005 - 0.022

are in ppm (parts per million.)

11



Table IV: Toxicity of Some Rare Earth Compounds**

Rare—Earth Chlorides L.D.c, Rare-Earth Citrates L.D.g,
Lanthanum (La) 362.07 Lanthanum (La) 82.66
Cerium (Ce) 352.34 CCexium (Ce) 149.52
Sararium (Sm) 365.38 Samarium  (Sm) 164.25
Europium  (Bu) 387.80 Europium  (Bu) 186.67
Dysprosium(Dy) 342.80 Dysprosiun (Dy) 113.12

Rare-Earth EDTA L.D.g, Rare-Earth Nitrates L.D. 50
Ianthenum (L&) 37.26 Ienthanum (La) —rem—
Cerium (C=) 37.57 Cerium {Ce) 1385
Samarium  (Sm) 311.18 Samarium (Sm) S81
Buropiun  (Bw 240.09 Burcpitm  (Eu) 17064
Dysprosiwm (Dy) 00 ————— Dyspresium (Dy) 1103

*% p11 L.D.. 9 are in ppm of metal/Kg body weicht of laboratory animal - oral dosage.
2

ZL
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earths represent sore of U e water soluble coplexcs. The

stabiliiy constents of sore of the rare earth chelates 728 aze

shiown in Table V and Figure [. Bxumination of the table and tiqure

shows that UTPA (Diethylenetriamine tetraacetic acid) curplexes are

more stable than other conplexes, such as BUTA (Tohylenediamine tetra-
acetic acid) , NTA (Nitrilotriacetic acid) ard CDIA {Cyclchaexsnediamine
tetraacetic acid) by factors of greater than ten and shculd constitute

a arovp a potentially useful water tracers. Use of anionic chelates

such as DIPA as tracers and the preconcertration of samples using anicnic

sge of lessening the

ion~exchange filter peper have the added advant
sodium content of our sarples which is inherently present in all envi-
rormental sanples and interferes or masks the gaww-ray contuibation
of the activation oroducts of interest. Also anionic tracer species
tend to be nore consersvative thin cationic speuies 29,30,31 in natural
water. These chservaticns re:;ult from the presence of sucface active,
alectrically charged collodial particles and surfeace coatings. Comron
colloids in fresh water, such as hydrous iron and rangenese oxides end
clays, ssess negative electrostatic charges. This explains the great-
er susceptibility of cationic species to underce sorption,

In brief, what adventages do these techniques possess in ger -
eral or when camared to fluwrescent dyes or radiotracers? The advintages
are:

(1) The *tracers ¢r. non-toxic et concentraticns encounterad
in environmental studies in contrast to the real (or inagine?) problens

with radionuclides release in the envivonment., '[here ave no aesthetical-

ly cbjectionable modification cf water colos durcing tracing.



Table V Stability conshants for various metals with EDTA,
DTPA, CDTA and NTAZ7.28.

EDTA DTPA CDTA NTA
Metal log Kg log Kqg log K4 log Ky
Ba (IT) 7.8 8.6 8.0 6.41
Sr (I1) 8.6 9.7 10.0 -——
Mg (II) 8.7 9.0 10.3 7.00
Ca (II) 10.7 10.7 12.08 8.17
Sc (III) 23.1 - — —
Ti (IIT) 21.3 -— S p— ——
Voo(11) 12.7 15.1 ——— -
vV o (111) 25.9 —-— 19.40 -——-
Cr (IiI) 24.0 - — ——-
Mn (II) 14.0 15.1 16.78 7.44
Fe (II) 14.3 16.5 —— 8.84
Fe (III) 25.1 28.6 -—= 15.87
Co (II) 16.3 18.4 18.92 10.6
Co (III) 36 - - e
Ni (II) 18.6 19.6 19.4 11.26
cu (r1) 18.8 21.1 21.30 12.68
Zn (I1) 16.5 18.3 18.67 10.45
cd (I1) 16.5 18.9 19.23 ——
Hg (I1) 21.8 26.7 24.4 -
Al (I11) 16.1 —— 17.6 ———
Ga (II1) 20.3 - 22.91 e
In (IIT) 25.0 - —— ———
Sn {(II1) 13.5 - —-——— ———
Pb (II) 13.0 18.8 19.68 11.80
Y (III) 18.0 22.4 19.15 11.48
La (III) 15.5 19.9 16.26 10.36
Ce (III) 15.9 20. 4 16.76 10.43
Pr (III) 16.4 21.8 17.31 10.30
Nd (TIII) 16.6 22.2 17.68 10.49
Sra (IXI) 17.1 22.8 18.38 11.13
Fu (III) 17.3 22.9 18.62 10.79
cd (III) 17.3 23.0 13.77 11.17
Th (IIL) 17.¢9 23.2 19.50 11.31
Dy (IIT) 18.73 23.4 19.69 11.74
BEx (TITI) 18.8 23.1 20.68 11.90
Tm (III) 19.3 22.9 - 11.79
Yb (TIT) 1.5 23.0 21.12 11.¢3
Lu (ITI) 19.8 22.4 -— 12.10
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(2) tThe detection sensitivity of these tracers is vexry good.

. : ~n12
For example, for Dy, one can readily detect awounts of as 1w as 10 g

This allcys pollutant tracing over very long distances not tsually possi-
ble with fluorezcent dyes or radioactive tracers.

(3) The tracers can be bound as EDTA cxr DIPA caiplexes and
thus not suffer appreciable adsorpticn by sedirments etc., as sometines
placues the use of various dyes.

(4) Tho detection of these tracers 1s not afifected by the
presence of water color or the photochemical decay of the tracer.

(5) Their cost effectiveness is extremely cuampetitive and
attractive.

(¢) Efflvents fram specific pollutant sources can be marked

with a given "fingsrint” or "codon" and the effluent from several

sources can be traced simulteneously.

-]
3

addition to all the above advantages, use of artificial

t

tracers is superior to using "naturally-cccurring” trace element in
various hydrologic systen as tracers. The "artificial" tracer has the .
advantages of:

(1) Controlled emission rates (either "pulse” or continuous
injection as well as the magnitude of the tracer injected) which aid in
model validation stidies,

(2) Easy detection in that one can arrvange that the tracer
levels at all points in the system arve well above detection limits.

(3) Cleaner multiple source tracing in that one cmn, by

marking each of the several pollutant sources with a different tracer,
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cleanly sirmmltanecusly trace the emissions from scveral sources in the
area where the discharces mix.

In essence, the objectives of the study are as follows:

(1) To devalop end laboratory test tracer technicues (involving
the use of stable activabhle trace elament, such as the rare earth ele-
ments and/or involving the use of ™naturally occurring” trace elements)
to trace the fate of fluid-tvound pollutants in fresh water.

(2) To field test these tracer technicues. Extrapolation of
leboratory results into the field is best done with gusstioning resei-
vation. Tt is imperative to test the validity of these trzcers develcoped
in the "real” situations because there ave variables that camot be sima-
lated in laboratory tests.

(3) To map the existing levels of trace elements present at
various locaticns in the water and sediments in the Williamette River.
This is an intecral and essential part of the researcn becausz the proc-
tical sensitivity for cwntitative tracer deteomination is limited by
the residual or natural tracer concentration in water. Besides, mapping
the existing trace element levels present for the discharge of varicus
types of effluent sources,; such as pulp and paper nills, sewerage out-
fall, metallurgical processors ete., can provide possible "Tingerprints"
of wnigue sets of trace elsment pattems fram each of the aforementioned
sources which can then be corpared with the ertificial tracer dispersal

catterns.
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EXDTRIMENTAL

The overall plan for the research involved the laboratory
levelopment and testing of stable activable tracer {(SAT) technigues
to meaitor pollutent transport in fresh waters follwed by detailed

field studies.

A. Tracer Preparation:

The stable activable tracers chosen for this work include
indium (In) and the rare-earth element dysorosiuva (Dy) . Oxides of the
elements were dissolvaed in a minimun amount of hot concantreted nitric
acid and a solution of diethylenetriamine pentaacetic acid (DiPA) was
added to form a 1l:1 coirplex of the rare earth chelate. (Corplexonetric
titration using Erio-~chrome Black 1 as indicator contirieed the 1:1
rolar relationship32733). The motal chelate solution was then diluted
with fresh river water to the desired concentraticn priov to use in the

field experirents.

B. Laboratory Studies:

Prior to field studies, certain preliminary laboratcry cxperi-
ments were performed to verify: (1) The effectiveness of the icn-exnchange
filter paper as a preccncantration medium for the chelated tracer &s
well as the naktural elemental species present in the river water,(2)The
extent of chelate formation, (3) The stability of the DITA tracer com-

plexes wnder simulated natural conditions, (4) 'Ihe low intrinsic trace
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elerent content of the ion-exchance filter papsrs, (5) The iininum
nuwiber of filters and filtrations required to achieve optimum recovery,
(6) Effectiveness of the freezing procedure as a sample preservation

step.

(1) Effectiveness of Ion-Ixchange Filter Papers as a

Preconcentration Madium:

Many trace elements in natural water
are present at sub-ppb levels and the quantity of tracer used in field
experiments is usually kept to a minimum dve to reasons of econanics,
public health considerations etc. The utilization of an cfficient me-
thod of tracer and trace elewent recovery and concentration from the
natural water would greatly cnhance tracer utility end trace elament
determinations by reducing the in situ concentrations necessary for the
cuantitative determinations end increasing detection sensitivity.

To confirm that icn-exchenge filter paper is an effective
preconcentration nediun for the tracer species as well trace elaients
present in natural water, two set of experiments were performed. The
first experiment involved the preparation of radioactive !1®™In-pIpa,
1€5py-DrPA as well as other rarve-earth chelates at a concentration of
210 &M at a pH of 7.2 corresponding to the natural water pi and then
filteving the soluticns through én asserbly of cationic and amionic
ion-exchange filter papers (Celman Acropore SR~6407 and SA-6404 cont-
aining Dowex 1-%18 and Dowex 50W-X8 resins respectively { See Appendix
1}). The second experiment involved the preparation of unchelated ra-

diocactive solutions of In, Dy, the rare-earths as well as some commonly
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occurring elements such as Co,fe, n,Cr etc.and then fltered these solu-
tions through asserbly of cationic and anionic ion-exchangs fiikecs.

R

The results of such experimants are snown wm lables vl & VI

(2) Extent of Chelate Formation:

The practical exteont of the complex rmatlon wes verified

T )

by passing alicucts ( 1 ml ) of UIPA chelates ©f the radionctive 165

1180 znd other rere—carths, diluted with 520 ml of distilled water

ard o adjusted to V7.2, and filtered through two
cationic and anionic filters. Thooretically, the chelates which are

in andonic fooan would be picked up by the anicoic exchangers and tny
Dy,in or rare-carths that fail to fomn the enionic conplexes will pre-
er and thercsby provids on

I )

sunably be picked up by the cationic exchanyg

indication of the extent of the chalate forwakion. The results of such

an experiment are shown in Table VI,

(3) Time Dependence of Tracer Ctabillity wider Sirtmlated River

Conchtlons

iz of the main criteria of a "good” tracer is that it should
remain in solution and resist loszes due to precipitaticn, sorption cte.

Prior to the comencaent of field studies, preliminary laboratory e

perirents were performed to investigate the bahaviour and stebility
of the chelated tracer under simulated river conditions. Briefly, the
exporiments consist of placing known cuantities of Dy and In-DIPA chelates

(~1076M) in Erlenarever flasks agitated continuously in a therwostatical-
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Table VI: Per Cent Formaticn end Pickup of Some Rare-hBarth and Indiun
DTPA Chelates at atural pH.

Mnionic Ion—Dxchange TMilter Cationic JYon-Exchango

¢ Compound that failed
Piciup? to formn chelateC

o0

Corpound % Foriation®
LaDTPA 99.7 99.4 0.5
CeldTPA 99.5 95.4 0.6
SmDIPA 99.3 6.7 .9
BubDIPA 99.2 95.5 0.7
GADTPA 98.0 92.0 1.1
THDIPA 98.6 92.5 1.0
DyDTPA 99.1 92.5 0.1
HoDTPA 95.0 92.0 6.9
YbITPA 99.2 94.6 0.7
LuDTPA 99.3 95.4 C.7

InDIPA 99.7 94.1 0.2

a; Single filtration through two anionic ion-exchange filters,
tracer solutions diluted with distilled water and pll adjusted
to 7.2

b: Sare as &bove except river water is used.

c. Single filtration thicugh two layers of cationic ilon-exchange
filters, tracer solutions diluted with river wabey and pH

adjusted to 7.2
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Table VII; Pickup Efficiceny of Various Types of Filters**

Elerent Cationic Inionic Nuclepora Vhatmon $#1
La 99.47 0.03 0.27
Ce 99.71 0.25
Sm 99.66 0.01 0.28
Eu 99.37 0.17
o 99.52 0.27
Dy 99.03 0.07
Yb 99.67 0.01 0.27
u 99.60 0.0z 0.29
In 99.20
Cco 96.23 3.79 1.78
’s 93.36 0.60
Ta 8.65 84.19 7.16
Se 84.80 13.10 2.10
Hg 1.94 91.58 2.35
Cr 95.64 4.36
Sc 67.90 32.04 0.06
Ni 95.70 4.30
Zn 98.60 0.1l 0.79 0.50
Ba 100.00
As 46.41 39.18 14.40
Sh 54.15

** All radiotracers are diluted with fresh river water and pH adjusted
to 7.2 prior te filtration through 2 layers of ecach filter.
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ly controlled shiker baths at a temperature of 10°C for a period of
one hour to eight days with various cobinations of river water ond
sedirents: (i) 60 ml of wmfiltered river water plus 10 g of river
sediment (i) 60 ml  of wnfiltered river water and (iii) 60 ml of
Eiltered river water The purposes of these experivants is to evaluate
the effect of the actions of (i) sediments and suspendzd particulates
(ii) suspended particulates and (iil) “pure" river water respectively
on the stability of the tracer species.Unchelated Dy and In solutions
were also tested and the results compared with the chelated solutions.
Samples of each sclution were withdrawn as a function of tine. These
were centrifuged to remove large suspended pacticulate matter and
the remaining solution filteved througn a series of Nuclepore, anionic
end cationic filters. The Nuclepore rembrane filter serves to remove
any fine suspended particulates larger then 0.45 microns in size while
the tracers and trace elerents in the river wvater vere collected onto
the anionic and cationic filters respectively. The Dy and In content
of the anionic filter and filtrate were measured using the technicue
of Instrurental Neutron Activation Analysis (IHAA) to determine the
percentage of the original trecer remaining in solution as a function

of time. The results of these experiments are shown in Tables VIII - XI.

(4) Trace Element Contents of Nuclepore Monbranz Filter,

Cationic and Aniocnic Icn—-Exchange Filters:

The applicability of the Nuclepore , caticnic and anionic
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Table VIII: Time Dependence of Tracer Stability wnder Simulated

River Conditions I (Unfiltered iiver Water)®

Time of
Ecuilibration

1 hr
2
4
6
12
24
48

4 days

Per Cent pf Original Tracer Remaining

DyDIPA Chelate

97.1 + 4.9

95.8

94.6

97.3

95.6 -

97.1

97.0 +

98.3
98.3

96.2

_I,.

|+

|+

4.8

4.8

InDIPA

85.5

95.5

95.5

97.3 +

100.9

98.0 -

98.7 -

96.7
97.4

97.4

Chelate

+ 4.8

+ 4.8

-+ 1+ + |+
o wn AN H>
[\ o (o2} oo

|+
U
}...l

+ 4.9

a; 60 ml of unfiltered fresh river water maintaineld at a

o
constant tempzrature of 10 C
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Table IX: Tire Dependence of Tracer Stability wnder Siaulated

River Conditions IT (Filtered River Vater) **

fe)

% of Original Tracer Remaining in Solution

Time of
Equilibration DyDIPA Chelates InDIPA Chelates

1 hr 96.2 + 4.9 95.6 + 4.8
2 97.0 + 4.0 95.2 + 4.8
4 99.0 + 5.0 94.5 + 4.8
6 98.9 + 5.0 96.0 + 4.8
12 97.6 + 5.0 94.9 + 4.8
24 96.9 + 4.9 96.4 + 4.9
48 92.0 + 5.7 97.9 + 4.9
4 days 98.6 + 5.0 96.8 + 4.9
6 98.5 + 5.0 95.6 + 4.8
8 97.8 + 5.0 96.8 + 4.8

** 60 ml of fresh river water filtered through 0.45 micron

Nuclepore filter.
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Deverdance of 'fracer Stability uwnder Simulated
A .

!—5'

Table X:
River Conditions IL (Sediment + Unfiltered River

Water)®

% Original Tracer Remaining in Solution

Tine of

Equilbration yiiPA Chelate InteA Cnalate
1 hr 100.8 + 5.2 100.2 + 5.1
2 99.3 + 5.1 100.7 + 4.9
4 100.0 + 5.2 100.9 + 5.0
6 100.8 + 5.2 97.1 + 5.1
12 99.4 + 5.1 94.8 + 5.2
24 101.1 + 5.2 91.9 + 5.0
48 100.5 + 5.2 85.3 + 4.8
4 davs 99.4 + 3.6 82.3 -+ 4.8
6 101.2 + 5.3 81.7 + 5.0
8 100.5 + 3.7 77.9 + 4.9

* Mixture consists of 10 grams of dried sediment plus 60 ml
of unfiltered river water with pH adjusted to 7.2 and tewp-

erature maintained at 10°C.



Table XI: Tire Dependence of Tracer Stability wnder Simulated
River Conditicms IV {Unchelated Tracer + Sedimmet -+

River Vater) **

% Criginal Tracer Remaining in Solukion

Time of

Equilibration Dy Solution In Solution
1 hr 93.4 + 9.4 95.0 + 10.7
2 83.5 + 8.9 91.8 + 10.4
4 g7.3 + 8.8 90.6 + 10.3
6 £6.8 + 9.8 84.4 + 9.8
12 85.6 + 8.6 69.5 + 8.5
24 84.8 + 8.6 64.5 + 7.4
48 81.8 + 8.6 63.3 + 7.6
4 days 77.5 + 7.8 57.1+ 7.6
6 66.4 + 7.8 50.9 + 6.3
8 65.2 + 6.6 37.2 + 5.3

** Mixture consists of unchelated Dy and In solution in
60 ml of unfiltered river water and 10 g of sediments

equilibrated at a. temperature of 10°C and pi of 7.2
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filters to remove suspended particulates and dissolved specles in natu-
ral water samples hinges on, awmong other things, the low intrinsic trace
elerent contents of these' filters. Iow trace elerment content of these
filters can alleviate the problem of "blank" corrections which may intyo-
duce and cause erroncous results especially in guantitative works. To
evaluate the trace element contents of these filters, sauwples were taken
at random from the same batch, pelletized with a portable pellet press
and then neutron activated. The pelletized samples provide identical

irradiation and counting georetry for all the samples. Results of such

determinations are shown in Table XIT.

(5) The Minimum kv

er of Filters and Filtrations Pecuired

to Achieve Optimun P=covery:
i —

Theoretically, the ion exchange capacity of a single ion ev—

change filter far excezds the usual quantity of trace elewents present in

utilize these filters more efficiently and econcriically in terms of time
and money, certain experiments were performad to detemine (i) the mini-
mum nutber of filters required to achieve maxirum recovery ( ii) the opti-
mum nurber of filtrations recuired to achieve maximun retention of dissol-
ved species of interest and (i1ii) effects of pH on the pickup efficiency
of these filters.
In order to achicve maximum exchange, the filtration process

rust be repeated until equilibrium between the disks and the solution is

established . The cuantity of ions collected during a single paasage



able XII: Trace Element Content of Nuclepore lMerbrane Filter, Cationic and Anionic Ion-Exchange

riltexr Paprers. (ng/cm2)

Nuclepore Membrane Filtex Ion~Exchange Filter Paper
Element This Work Literaturex (C) Cationicﬁa) Anionic (P
a 10 §-47 82 478
r 1.49 0.37-2.80 24.8 12.1
3 C.44 0.07-0.31 28.0 32.9
i 0.005 0.001-0.002 1.315 .29
¢.0004 0.000016 0.0024 -—-
0.2%9 -—— 0.40 0.03
1 - 342 335
9 —-——- 32 131
0.104 - -—- -
Cr —— ——- B 29.4
e — - —— 267
- - - 0.5
Sc - - —— 0.052

(a) Gelman Acropore SA-6404. Gelman Instrument Company, Ann Arbor, Michigan.
(b) Gelman Acropore SB-7407. Gelman Instrument Company, Ann Arbor, Michigan.
* Due to the large variations of the reported valuves, the ranges rather than average values were

reported here.

(c) Jones,R.A., MS Thesis, Department of Chemistry, Oregon State University, 1977.
Sh t, 8,645 (1974)

Ricci,E., et al., "Nuclear Method in Environmental Fesearch”, USERDA Report Conf-7407C1,1974.
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through the paper depands on the cuantity of ions in solution, the mun-

ber unfilled icn-exchange sites in the disk and the affinity of the iwns
for the resin in the disk. In order to establish the stendard nurboer of
filtrations to be used in subseguent work, solutions containing radio-
active Sm and La at apH of ~7.2 were filtered 1,3,5,7,10 and 20 times
through double layers each of the caticonic and anionic ion-exdiange:
filters. The results are shown in Table XITIL.

To estimate the minimum nuker of filters required to achicv2
optimum cuantitative recovery of tracer/trace elements, radioactive
tracers of Sm and La were filtered through single/double layer(s) of
cationic ion-exchange filter(s) 1,3,5,7,10 or 20 times. The experimant
is importent from the standooint of economics end time. The less the
nurhber of filters reguired the less the time it will take for the fil-

tration process and hence less expensive. The results of such exparinen’ts

i

are shown in Table

X1V,

¢

in addition to the above series of cxperiments, tracer solu-
tions of La and Ce adjusted to various pH ( pil 1 to pid 7) were' filtered
through double layer of cetionic filters and the radicactive on the top
and bottom filter as we Il as filtrate were counted and the efficiency
of the ion-exchanger at various pi determined. The results are shown in
Table XV.

(6) Effectiveness of Freezing Procedur: as a Sanple Preservo-

tion Step:
It may be worthwhile to point out that there is no one techni-
que of preservation that can maintain complete stability for every con-

stituent after the sample is removed from the pavent source’!. Tradition-



Tablie YILII: Variation of Per

Nuher of
Filtrations

1

2

10

20

** Result is the average

Filter
Top

Bottom

Filtrate
Top

Bottom
Filtrata
Top
Bottcin
Filtrate

TOR

Bottam
Filtrate

Top
Bottan
Miltrate
Top
Rottom

Filtrate

vy
Cent

- T L~ PR R S 1 o
Lo Wl wod nans

a
% Pickup

98.63

1.37

99.87

0.13

99.74

0.26

99.96

0.04

99.96

0.04

v

99.38

0.62

99.8

€8]

0.17

£9.87

0.13

99.64

0.36

99.89

0.11

of 3 determinacic:s each.

v of Pilrorations®s



Table XIV: Effect of Nuther of Filtrationg and Nunber of Filters on

N

the Pickup BEfficiency of Ion-Exchange Mlters.**

La Tracer Sm Tracer
Number of Single Double Single Double
riltrations Filter Filter Filter Filter

1 98.2% 9%.9 98.8 1060.0
3 99.0% 100.0 99.1 100.0
5 99, 4% 100.0 99.4 100.0
7 98.3% 9.9 99.4 100.0
10 07.9% 100.90 99.4 100.0
20 99.9% 100.0 98.66 100.0
100.0
** The radioactive Sm and In are in distilled water matrix and

pH adjusted to 7.2.
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Table XV: Variation of rickip Efficiency with Vaviaticns in plii
31 Ce
H Filtexr gPickup % Pickup
1 Top 92.2 96.4
Bottcin 7.3 3.6
Filtrate
1.5 Top 58.9 98.6
Bottom 1.1 1.4
Filtrate

2 ToD 96.
Bottom 3
Filtrate

2.5 Top 100.0 100.0
Bottomn
Filtrate

3 Top 100.0 100.0
Dot tom
Filtrate

3.5 Ton 100.0 100.0
Botton
Filtirate

4.5 Top 100.0 100.0

Dottem
Filtrate

5 Top 97.3 98.4
Rottom 2.7 1.6
Filtrate

6 Top 100.0 N D, **
Botlom
Filtrat«

6.5 op 9
Bottom
Filtrate

~ 0
W ~J
O

7 Top 100.0 100.0
Bottan
I'iltrate

* Dictill Walter Maorix #* Mot Determined

w
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ally, the acidification of water samples is considered by many as "the"
way of preserving metallic ions in solution3®. However, acidification
of the water samples will not be indicative of the true metal content
of the water samples at its source, since most inorganic constituents
will have been desorbed fram the suspended particulates. It is also
important to consider the adsorption and leaching of soluble materials
upon and from the walls of the sample containers, and for this reason
it is necessary to acidify36. This may seem paradoxical since one must
acidify and yet cannot and the obvious solutior is to filter and to a
acidify or otherwise prevent container surface adsorption in the field.
In addition, it is most wnfortunate that a wide variety of solvents,
reagents and other materials encountered m trace analysis contain ex—
teemely high impurity levels of various elements37. Table XVI will il-

ustrate the level of ocontamination from some common reagents an ana-
lyst may use and encounter.

In our case, we elect to freeze the samples to eliminate the
adsorption and leaching of soluble materials upon and from the walls of
the ocontainers as well as desorption of inorganic constituents fram the
suspended particulates. Indeed, it has been demonstrated by the Battelle
Pacific Northwest Laboratories and National Bureau of Standards 38,32
that rapid freezing of the samples provide a better altemative to chemi-
cal preservation.

To canfim the effectiveness of freezing as an acceptable sam-
ple preservation procedure, two approaches were employed; (i) Clean

neutron activated polyvials were placed into a ane liter sample container



Table XVI: Trace Element Contents of
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Some Common Laboratory Solver

Zn
Quartz cdistilled 9.5
water
Double distilled "l
water
Triple distilled OB
water
Nitric Acid 13
Double distilled 2
nitric acid
Hydrochioric Acid 22
Ammoniun 2.3
Duartz Tubing 20
Borosilicate giass 730
Ximwipe Tissue 48,8
Wnite Plastic tape 2.94x1
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filled up with fresh river water and then fiozen. (ii) kadicactivae
tracers were mixed with fresh river water and then placod in a sample
container. The mixture was thoen frozen. The froven solubions jn (i) end
(i1) were later thawed, the surface layers discardad and all the solu-
tion ramoved. The solubicn in (i) was filtered throwh dovble layvers each
of cationic and anionic ion-exchange filters to pick 1w any radioactive
trace elements which may have been desorbed or leached out from the vials
during the freezing process. The solution in (11) vas rewoved, and the
sarple container enalyzed for eny radioactivity it may have picked uo
during the freezing process. Both experiments shaw little ox ne

evidence of such happenings i.e., trace elaments being leached out,
absorbed or desoibad during this freezing process,suguesting thabt freez-
ing is a good if not perfect way of preserving the samples. a the other
hand, the trace elemunt conbtent  of the container cre very low and the
quantity leached out or sorbzad/czsorbed way be beyond the detection limit
and may contribute an insignificant amout to the "true™ trace elewent con-
tent even if all the leaching and/or sorption or dasorption reaction did
take place

In experiments performed to test the recovery of tracers/trace

elererts in natural water, there were several difficultics., Firstly, the
filtration rate is extrenmely slow ¢vue to blockags of the ion-—exchinge
filters and Nucleopore prefilters. It was docided to inktroduca a Whabtmen
No.l filiter which has larger pore size to scrmen cab the larger particu-—
lates and thus minimize the blockage of the Nuclerore and ion-exchang?

filter and therchy speed up the time needed for each filtration. However,



Y

the introduction of such prefilters brought wp additonal problems; (i)
How much of the dissolved upacicos will be retained by these prefilters
and (1i) How ruch trace eleraents will be leached out from this filters
during the filtration process? To evaluete this, two cxporiments ware

perforimed; (1) 500 ml of fresh river water was filtered through nautron

activated Nuclepore and Vhatmen filters and any wadioactive trace elenents

{

leached out from the filters picked up Ly cation and anicnic ion-exchange

y

Filters . (2) 500 ml of fresh river water was mixed with radioactive

ion of sure common coationic and anionic species present in natural

~

water and filtered through layers of cationic and anicnic ion-exchanger.
The oxperiments revealed that the retenticn of radionuclides by the
profilters is vory small usually less than 1% end the amount of trace

elements leachod out io negliaible. Results of the experiments are shown
) o

additional loboratory study of the entire sarpling and presenr-

vation procedure carried out for the Dy and In chelates added in known

concaentrations showed better than 85% recovery.

C. Field Studies

Rasically, this phase of the research involves field studies of

the use of tracers to trace discharges from typical Willamette River
wasle outfalls and to field test the conservative nature of the tracers
developed.

n order to amploy the tracers choven, it is necessary to

verily, first of all, the expected low levels of Dy and In in the Willa-



mette River water and sodirents and obtain at the sawe tine "bade-

gromd" informaticn on other major or minor elements present.

Part of our "baszsline" studies of the Willasabte River in-

volves the collection of koth pottom sediments and water samples frcu
selected sites along the river. The selection of the verious sites

is bazed on the following criterias (i) Accessibility (ii) Proxiwity

)

fda

of location where substential nunber of industries are located (iid

Iocetions far enowin downstrean from each afifluent source to allow

L0, 4D

thorouagh mixing Sites chosen for thig stody include waste out-
falls of paper and pulp miils, sewerace end metallurgical ProcessOr
outfalls at various "urban” are.s such as Eugene, Salem, Albmay, and
Corvallis as well as "wural" erea such as Harrishuarg, Peorio, Newbury
Independence and Wilsonville. A complete list of the sanpling sites
involvad is shown in Table XVIT. The Willamette River (See Map 1) is a
relatively fast moving (v7 miles/hour) wadiuu size (vVIOO Lt wide, 12
feet dezp ) river originating in the high Cascade mountains of Ovegon
an” fiowing north for about 150-200 miles through the fertile agricul-
tural lends of the Willamette Valley (Map 2) to the Colurbina River.
Also shown in Map 2 are the locations of significant industrial cuizialls

~
is

along the river uszed in the tests of the tracer behaviour.

211 sediment and water sanpling was  done from a boat.

vourface® warer sarples werce Obtained by dipping o cne-liter "open-

gouthed" polyethylene bottle into the strean. "Deep” samples vere
taken using a comiescial messenger-operated Haisen type trace motal

. . Lo : - . - SR U T e PP
water sarpling boktle?. The wator hoamperabure and pii 2ve maasvred
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Table XVII Sampling Sit

(1) Wilsonville 2: 2 miles downstream of Clark's Marinn, Wilsonville,
River mile: 3%.50

(2) Wilsonville 1: 2 miles upstream of Clark's Mariva, Wilgonville.
River Mile: 43.50

(3) Nowburg 3: 2 miles downstream of Newkurg bBoat Rawp, Newburq.

River Mile: 48.00
(4) Newburg 2: Newburg Poat Ramp -~ Paper Mill Otfall, Newburq.
River Mile: 5G.50

(5) Newburg l: 2 miles upstream from Newburg Poat Ramp, Newbury.

River Mile: 52.50

o~
(o)}
~—

Salem 4: 2 miles downstieanm of Wallace FPark Boat Ramp, Salem.
River Mile: 82.00
{(7) Salem 3: Layoon approximately 50 yds from Boise-Cascade Outfall,
Salem. River Mile: 84.90
(8) Salem 2: Boise-~Cascade Puper Mill Outfall, 500 yds from Vellace
Fark Boat Ramp, Salem. River Mile: 84.90
(9) Salem 1: 2 miles vpstream of Wallace Park, Salemn.
River Mile: 86.80
(10) Independence 2: Half mile downstream of Independeace Boat Landing
Independence. River Mile: 97.50
(11) Independence 1: One mile upstream of Independerce ILanding, Indepen-
dence. River Mile: 99.00
(12) Western Kraft outfall: Western Kraft Paper Mill Outfall, 2 miles

dovmsitrean of Bryant Park kamp, Albany. River Mile: 118.20



Table

(15)

(17)

(19

(21)

(22)

XVIT Sampling Sites {continasd)
Alvany 5: Onc and guarter miles downstroam ¢f Bryent Park, Albany.
River Mile: 118.45.
hlbany 4: 3/4 wmile downstream of Bryent fark Pamp, Albany.
River Mile: 119.45
Albany 3: 2.5 miles usstream of Bryant Park Ramp, Albany.
River Mile: 122.70
Albany 2: 5 miles upstreawm of Bryant Park Boar Ramp, Albany.
River Mile: 125.20C
albany 1: 6 wiles upstream from Bryant Park Remp, Albany.
River Mile: 1256.20
Fischer Island: Aprroximately 1.8 miles upstrecam of Mary's Rivew
Landing, Corvallls. River Mile: 134.
Feoria 2: 2 miles downsiream from Peoria Park, Peoria.
Kiver Mile: 140.20C
Peoria 1: 2 miles uos*rewn of Peoria Park, Peoria.
River Mile; 144.%90
Harrisburg 2: 2 miles downctream of Harrishurg Boat Danding, Harr-
ishburg. River Mile: 160.00
Harrisburg l: 2 miles uvpstream of Harrisburg Tanding, Harrisbuxg.
River Mile: 164.00
Fugene: Dowvnstream of Yrmitage Park Boat Ramz, N.E. of Eugene.

Fiver Mile: 175.00



Mep I: Map of Cregon Showing tions of The Willamette River and

Major pPopulation and Industrial Centers Along the River.

oy
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Vap 1I: Enlarged Map of The viillarette Valley Snowing Various Sampling
Y o P - phy -

Sites on The Willarette River. ( Numbers on the Mzp Indicate the Act-

ual Lecaticns where Sediment and Viater Sarples were token: see Table

XVII for detailed Description of the Verious Sampling Sites.)

v
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. lio chomdesl preservatives

imrediately after collection of
vore added to the samolos bub the saples were kept in a & ark, cool

~ A1

place and refrigerated wpon arrival ab the laborstory. © edijpent

sanples were also collected at polate vhere thz waker conples woene
taken. A simple ressengen operated scoop dredge was uscd for this

purpose. The scdiments obtained wers I meMately placed in precleansd

lakoratory wheve they were

volybottle and then tia

refrigerated prior to analys s,

In actu rracer Fleld studics, the tracer solution was
r’

injected continuously inko the river via a heme-rade habtery oparated

peristaltic pamo with a constant injoction rate (typically 1-2 ml/sec)

and controlled by a bullt-in automatic on—-off tirer. (See Figure IL )

The tracer injection was typically performed at or nead the viver bank

£o simulate the Gumping ol sewege and/or pollutints into the riva2r.
Three separate ficld tests were conducteds

(i) Freeway Lake Taperiment (ii) Willamette River Experiment I and

”>é

(iil) Willamette River Experiment II.

2 Experiment:  Freeway Lekes consists of three

(1) Freswa:

adjoining lakes connected to one another by Ny chanmels., They are
located approximately two niiles south of the City of Albany and right
next to U.S. Interstate Highway No.5. The lakes are 7, 9.4, 21.5 acres
in area and typically 10 - 12 feet deep. The lakes are all spring fed
without any obvicus outlet and constitute a quasi-dynanic system. Fresh-
ly prepared DyDTPA tracnr 7is "spot" injected into the smaller lake

(lake T) and samples teken from the three lakes on the same dry, one
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two, thres and fifteen days from various cesentative points of the

three lakes. Resuli. of these experinents are shown in Figuces 131,11V
and V and Table XVIIT. The primary purpose of this experiment is to
test the conservative nature of the tracers in actual field situation,
because the laboratory experiments perfommed on the saiee tracer lack
many of the natural “ingredients" present in the lake e.q. veoatation
that may adversely affect the behaviour of the tracar.

(ii) Willemette Aver erimznt It This experiment was
e e

carried cut in an open, flowing river and was perlformed to test not anly
the tracer stability but also water sampling logistics,i.e. coordinating
time between injecticn and sanpling ete. The tracer wes injectad at a
constent cate end known caucentration for a period of 1 hour 20 min

using a pcristaltic purp (See Figuwe I1 ). The injectice wvas perforned

at the bank of the Peoria Cily boal: Ramn and wes intended to s
the darping of sewage/pollutants by diffuser into the opan river. San-

Lan wore collected in Corvallis same ten miles downstrean.

'C

To esteblish the tracer arvival time at the sarpling sites
dowmstiean, current river discharge datza ( oktainad from N.W.VWater
Resouroes Data Cenler, USCS, Portland OR. and U.S.Arvny Corps. of
Engineers,; Portleand, OR.) coupled with information from the U.S.G.S.

rologic Investigation Atlas #HA-273 was used?. Frior to the pre-
dictead tracey avrival time, "blank” background water samplces vere taken
fromn a srall woter-driven beat at various horizontal and longitudinal
rocitions along the river at two depths, a "surface” depth and a "deep”
sample takea at 0.6 ¥ the Cepth of the river. The river depth was

neasuzed by means of a'warer ruler” (Eee Figure VI) and the sample



Table XVIII: Freeway I:ckes

Profile

Tire (Day)

ne Masg of

Tracer

Average

Tracer Stepility Experiment Concentration

Ioke Ix*

16.32g

Coricentration 1389 + 5 ppt

Mase of
Tracar

Average

Concentration

Magss of
Tracers

Fifteen

Average
Concentration

3.27y

* Initial arvount of Dv as DyDIPA added

% Take T,11,TI1 represec

respectively

Lake TITx*

2.83qg

38 + 1 ppt

+20.0 g

Negligihle

8.93g

31 + 1 ppt

po)

9.28g

% Tracer
Remaining

t lekes with area of 7, 2.4 and 21.5 acres

Mass of tracer in cach leke 1s estimated by multipling the average
a ol estiimaced depth of each lake. All

concentration by the aree

concentrations are in pp

Iy

L ( parts p

o
(S8

trillion )

Average concentretions reported ave the weighted averages.
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Figure III: Freeway Lakes Tracer Stability Field Tests Concentration

Profile (First Doy)
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Figure IV: Freeway Lakes Tracer

Concentration Irofile
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Figure: Vv Freeway Lakes Tracer

Cencentration Profile (

Stability Field Test
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sizes vere typically 500-1000 rmi. Sampling crmronced akbout an hour

earlier than the predicted tracesr arrival tire and the sauplos vere
3

teken atn an intexval of five minutes cach.

et anvol--

(1ii) Willasetie River Experlieent IT: This exg

ves the continuous injection of the tracer solution into the
luent tank of the nllony municipal sewage treatment plent before being
discharge into the Willametie River. The efflvent tank is located about
half & mile froan the bank of the Willarstte River., The pumose of
expariment is to compare the behaviour of the tracer and any signifi-

cant trace elemsnts emitted from the outfall. Samples were taken at va-

rious points at various tiires downstreamn from thsz outfall. Pesulis of

these oxcerinents ars shown in Webles XYYV eand DD,

.

D.

=, prior to onalysis, the surface laysr wais
thawed and discarded to eliminohe aav surface contamiiembs that way
leached out from the container. The sample was than melted and filter—
ed through 0.45 micron Muclerore filier to collect the suspended norti-

(o e

culates. 'The Filtrat wera then filterad through aniovnic and cationic

ion-exchance filters, thus sepavering the original water sanples into
three dilferent conponents: (a) Suspended particulates (o) Dissolved
anions end dissolved cations. The entire sampling and analysis proca-
dwre is summarised in Figure VII.

Sedinment samples were also odllected abt points where the

water sanples were taken as pointed out earlier. In genercl, the sample
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vere treated as follows:

(1) Samples were deied at 75°C to roughly constant weight.

(2) Dried sediments then crushed into coarse grains using a
"Jaw Crusher" and thon into fina powders by using a semi-wicro "Pul-
verizer",

(3) Pulverized sediments were sieved through a 48 mesh or
279 micron sieve.

(4) Sieved samples were dried at 105°C to constant weight

and then cocled in dazssicator before weiching.

B Sawple Mnalysis:

The requircment of acourate, precise and rapid analytical
procedure for the examination, identification and measurerent of pollu-
tants in water and waste szmoles is a difficult and challenging probiemn
in analytical chewmistry because the pollutants are present in extrenzly
low concentrations relabive to the substrate. Teble XI¥ . provides an in-

teresting camarisc of save of the more coarmcnly employed analytical

technigues “5. However, none of the techniques provide conplete answer
to the large variety of prchliems involved in tracz analysis. The method

thabt allows the determination of the largest numer of elemental concen-
trations in the most conpliex matvices will be the most poweriul.

In this work, instrurental neutron activation analysis (INAA)
was used to determine the elemental abundances in sedinents, suspended
pacticulates, diszsclved cationic and anionic species because of it super-—
ior sensitiviity (See Table 2X) freedom from conteninabion , non-destiuc—

=
DN

tive nature and applicable to a wide variety of matrices without any
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Table XIX: Comarison of fnalytical Tecimiques for Pollutants
Technigue Advantages Limitations
Etomic absorpiicn Bppiicable to more than €0 a2lement Sinuitaneous ltielement analysis
& fluorescence 3imp 7c spectra and lustrumectaticon ¢ifficuit
lass Spoctrometry Cpecialiced semple preparation tech-
rigues for spark source
pid rlasna zource still in develepmont
vhase
Atomic Emission lame sourcss have significant wmatrix
effect
most chemi-
Neutron Activation Tetal time for multielement analvsi
Inalysis a. some clements may be long
Twplicable to 2 wide variety of natrices
X-ray fluorescence Mrect examination often foasible Limited sensitivity
May be nondestructive Tarticie cize effect must be careful-
Multielemeri. technigue iy controllied.
id
Anodic stripping wle technique and eguipment Kot suitablz for 2 wide range of

Voltammetry

gsenzitivity for

comz elements

aq



Table XX : Comparison of Sersicivity by Wevtwoon Astivatios Analysis

N . . !
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Weutron Copper bC Flame
Elcimant Acrivation Spark e Photonatvy

Na 0.00035 0.1 20 0.0002
Al G.00005 0.1 0.2 20
ciL 0.0015
L 0.004

0.

C.

00005 0.

C O GO
o o
w

NN

0
s
o

O
O
&

Cr . 0L 0.05 2 1
Inn 0.0CC03 0.02 0.2 0.1

I'e 0.45 0.5 0.2 2
Co 0.001 0.5 10
NI 0.001z: 0.1 4 10

3. 00035 0.2 0

2

1

00235 1

. 0001 5 10
L0025
.00015
.0015
.03

. 200005
L0002
.0015
.0025
.0001

. 005
.000G63
.0000015
.0002
C000015
.D001
.000C15
L0013
00035

. 0065

Sc
21
Fb
Sr
In

[S1 IV
-
-~ O O
-

Lt
h

3

o
wn

20
100

oo CcCoOoOoOoUv~ OO
N W = U

o
o®]

10

0O C
= o

02}

100
20
10

|
m
QOO OO DO C O QOO0 COoOOo0O0OO0

o
[
o N
N

o
o
(=
= o vk O

ﬂ
o

.0005



57
elaborate samole preparation.
The suspendsd particulates from the water samles were colloct-
ed on tarad Nuclepore filters, dessicated to constant welght and than
.

rewa2ighed to optain a gravimetric analysis. 'The veighed filters arve the

.)

o

pellatized and then encopsulated in plestic irrediation vials for neutron
activation together with appropiate elemental stendards of interest. Simi-

lar sarple preparation procedurs was applied to the ion-exchangs filters.

Mpproxiwately 100-150 ng of sediwent per semple was used. '(he

samples vere encapsulalbed in precleaned polyvials (See Appendix II) and
then reutrin activatad

(1) Instrusentation: The goama ray spectrometer used in this

vworih consist of a Nuclear Datn 22004420 mdtichannel mnalyrer coupled
with a 40/60 c.c. CGe(Ll) detector. Prior to all sample analysis, the
spactrometer energy calibration was established using a point source stan-

dard such as the NBS-SEM 4216R Mixed Radionuclide Gonrma-Ray BEalssion Rate

Point Svurce Standacd with gamma ray energies spanning from the .088 Hev
v-ray of Cd~109 to the 1.836 Mev vy-ray from the decay of ¥Y-88.

(2) Heukron Activation Analysis: The sejuential activation

vrocadure emploved to meaure the elemental contents of the various samles
! & o

is sammacised in Teble XXI. Typically, the samples and slandavds were

irvradiated for 4/5 minutes in the pneumatic terndnal or "rabbit" system
F the 08U Triga Reactor for the determination of short~lived radionuclides

such a3 Al,V,Ti cte. After irradiation, the semples were transferved to
ney clean counting vials and counted after en approplate cocling period

of 3-5 miautes. Using such short irradiation proceduare, approximately 10
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Table XXI. Summarsy of Neubron activation Analysis Procedure:

Product E, measurcd

Element Radionuclides Half-Life* Delay Time Count Time (kev)*

Al Al1-28 2.241 m 3 -5m 300 s 37789

Y V=52 3.77 1434

Ti Ti-51 5.80 319.8

Ca Ca-~49 8.80 3084 _4

Mg Mg-27 9.46 1014

Cl C1-3% 37.094 1 ~-2h 900 s 1642.4

In In-116m 54.101 1097 (417)

Ba Ba-139 i.42 n 165.8

Dy Dy~165 2.334 5-~6h 94.7

Mn Mn-56 2.58 845.6((1810)

Sr Sr-87m 2.81 388.4

T Lu~-176m 3.69 88.4

Eu Eu--152n 9. 30 121.8 (344.3)

K K-42 12.401 1 ~-24a 1 -2h 1524.7

Z1 Zn-69m 13.80 438.7

Ga Ga-72 14.10 629.9 (834)

Na Na-24 15.00 1368.5

W W-187 23.899 685.7

As As~T706 1.096 d 657.2 (559.1)

Br Br~-82 1.47¢ 776.5

La La-140 1.675 1586.4

Sn Sin~-153 1.933 103.2

U Np-239 2.350 228.2

Sh Sh~122 2.72 563.9

Iu fa-177 6.710 208.4

Rb Rb-85 18.60 2~ 3 y** 10-20 h 1078.8

Th Pa--233 27.00 311.9

Cxr Cr—-51 27.7 320

Yb Ybh-169 32.00 197 (177)

Ce Ce-141 32.50 145

Hf HE-181 42.50 482

Fe Pe-59 44.60 1099 (1292)

Ni Co-58 7L.30 810.8

S Sc-46 3.80 889

Ta Ta-182 115.00 1221

Se Se-75 120.00 264.6

7n Zn-65 244.00 1115.5

Cs Cs~134 2.06 vy 605 (798)

Co Co--60 5.26 1173.2 (1332.5)

Bu Eu~152 13.20 121.8 (1408}

*Bipdew,t.. et.al, "A Chemist's Camma Ray Table", LBL-6516, UC-34C,1977.

*imo= minute, s = seconds d = days, h = hours, w = vieek,y = vear



to 13 elerents can ke determined. After a delay of apoul: one wesk, the
saiples together with fresh elemental standonds vwere reirradiated in
the rotating rack off the O:U reactor for a pericd of 1-6 hours. After
cooling for 1-2 days ., the samwmles were counted for 1-2 hours and then
recounted for 10-20 hours afte an additonal delay of 2-3 weeks. Such
sequential counting provids half-life chedks for most radionuclidas

and all the half-lives measurzed agreaed within + 10% of the accopted

f

values“® and abundances calculated from successive counts usually
egread within statistical couting error.

In additicn to the "hove-mada” composite elewental standavds,
.e;l;iéxn«::la;fd refercace naterials such as NRS-SK4 1571 Orchaxd Leaves'7,
N2S-SI41 1632 CoalLP D, NRS -ORM 1633 Coal Fly 2sh %9 were irradiated and
comted wder identical conditions as the sarples heing analyzed. Usz of
thesse NBS standaxds can provide checks on the accuracy end precision

of this work. The elevental ahundances of various standard roference

materials neasured in this work agreed well within experimental errors
with the accepted HBS and literature °? valies. Cur results and the

NBS or literature velues are surmarized in Tables XXIY,XXIIT and XTIV,

A furthar ensurance was provided by the results of the "round-
robin" interconparison run for the determination of trace elements in
soil samples sponcored by the Interrational Atcndce Inergy Zency Sd.
Mgain owr resulis as shown in Table XV cowpared very favourably with
the reported values and this provide us confidence2 in the reliability
f the technigque enployed.

By irradiating and counting both the samples with a standard
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1571 -0Orchard Leaves
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KXIT Blemental Zbundances in MBS stavndacd pefewronce Matnriznls

Flement This Work MBS & Literainre®  Whis Work/Lns
Al (%) 0.04 + 0.01 0.043 932 + 0.23
Te (%) 316 + 300 + 20 .05 + 0.07
Ca (%) 2.17 + 0.22 2.09 + 0.03 04 + 0.11
Na (ppm) 5 82 + 6 + 0,10

K (%)

M (ppm)
Ba

7

Cx

P b R
ONOOCOHO=HWLWOHF O
(€3]

1.47
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O = o
) 1

0.C2
0.05
0.0z
0.14
0.17
0.12
0

0

Ce 0.99 .03 0.90% .03
La 1.27 + 0.01 1.05% .21 .01
Co 0.20 + 0.01 (0.20) .00 + 0.01
Sc 0.076 + 0.001 0.055* 1.17 + 0.02
AG 12 + 10 12 1.20 0.20
S 0.13 + 0.04 0.10% 1.30 + 0.40
Th 0.064 + 0.002 (0.065) .98 + 0.05
HE 0.035 + ©.002 0.037% .97 + 0.95
Yi 0.031 + 0.013 0.025% .24 + 0.52
Br 9.15 + 0.04 ( 10 ) .92 + 0.01
Cs 0.05CG + 0.001 (0.0:0) .25 + 0.03

S

0.033

fl

.
!

.009

<

0.029

+ 0.005

.14

HOMRMFROFOO

R e I B R B Bk S R RS R

0.37

Sb 3.6 + 0.2 2.9 + 0.053 .24+ 0.15
Ta 0.007 + 0.001 0.010% .70+ 0.10
Lu 0.0038 + 0.0019 0.0033* .15 + 0.30
™ 0.011 + 0.005 0.013% 0.85 + 0.32
Eu 0.023 + 0.008 0.023 + 0.021% 1.09 + 0.38
se 0.086 + 0.005 0.08 + 0.01 1.08 + 0.15
Sr 38 1 5 33% 1.15 + 0.15
ClL 717 + G5 (690) 1.04 + 0.09

Grand sverage = 1.07 + 0.13

a. NBS Certificate ¢f Analysis, SRM 1571-Orchard Leaves, August,1976.
Morrison G.H. ,Nadkerxrni, k., Multielement Tnstrumental Neutron
Activation Analysis of Biological Materials", 2Znal.Chem., Vol.45,
No.1ll, 1973.
Goldbery,B.D., "Strategioes
Wiley Interscience,N.Y. 1976.

* Certified MBS values are indicated by asteriks,values in parentheses
arve wcertified NBES values. Unmarked values a¥e literature values.
Ali concentrations are in ppm (nicrogram/g dry weight of sample)
unless otherwise specified.
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Yb 0.82 +
B 18.0 + 3.1
Dy 1.27 + 0.04
Co 1.68 + 0.10
U 1.45 + G.21
Sk 3.9 + 0.8
Ta 6.25 -+ 0.02
Lu 0.14 + 0.01
Th 0.27 + 0.03
Tu 0.24 + 0. ®
Se 8 0.5

*

2.
Zr 35
r,

11

N E

.04
0

1
i

NRD Certilicate of Analysis, Skt 1632-Coal,
Cordon, G.0. ,2t al “El:mnntdW

Ceal and Flv 7fsh Star
No.7, Jure 1973.

Vaiues in u"tCT]'S are

are noncertified 1IBS
All values are in ppm
indicated otherwise.

NES-5RY 1632-

Stacdard Re

CU&L

NBS & Literatire’
1.85 + 0.13
0.87 + 0.03%
0.243 + 0.05
414 + 20
0.28 © 0.03
1100 + 100
40 + 3
352 + 30
35 + 3%
37 4+ 4%

20.2 + 0.5%
15 4 1%
21 T’z

19.5 4 1.9

10.7 + 1.2

(6)

3.7 4 0.7

5.0 4 0.0%

1.7 F 0.2

3.2 + 0.2
0.96 + 0.05
0.70 + ©.10
19.3 + 1.9
3.40 + 0.10
1.40 &+ 0.10

3.9 + 1.3
0.24 + 0.04
0.14 + 0.01
0.23 + 0.05
0.32 + .04

2.9 '_‘l_‘_ 0.3%
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0.12 + 0.02

893 1 125
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Table »¥iv :Elemental Abundances in NBS Standard Refercnce Materials

NBS-SRM 1633-Coal Fly Ash

Element This Work NpS & Literature®  fhis Work/NES
Al (%) 13.2 + 0.1 12.7 + 0.5 1.04 + 0.04
Fe (%) 6.0 + 0.1 6.2 + 0.3 0.27 + 0.05
cal(s) 4.2 + 0.5 4.7 + 0.6 C.89 + 0.16
Na 3395 + 84 3200 -+ 400 1.06 + 0.14
K () 1.57 + 0.0% (1.72) 0.91 + 0.03
Ti. 8750 + 1400 7400 + 300 1.18 * 6.20
Ea 437 + 8 493 + 7% 0.89 + 0.02
Ba 2760 + 12 2700 + 200 1.02 + 0.09
v 196 + 14 214 + 8* 0.92 + 0.07
Zn 189 + 22 210 + 20% 0.90 + 0.14
Cr 126 + 1 131 + 2% 0.96 + 0.02
Ni 114 + 5 98 + 3% 1.16 + 0.06
RD 118 + 16 ( 112 ) 1.05 + 0.14
Ce 140 + 1L 146 + 15 0.9¢ + 0.10
La 2+ 1 82 + 2 1.00 + 0.03
co 39.2 + 0.8 (38) 1.03 + 0.02
sc' 25 + 1 27+ 1 0.93 + 0.05
s 59 + 2 61 + 6* 0.97 + 0.09
St 11.8 + 0.1 12.4 + 0.9 0.95 + 0.07
Th 24.5 + 0.4 (24) 1.02 + 0.02
HE 7.6 + 0.5 7.9 4 0.4 0.96 + 0.08
Yb 6.4 + 0.3 74 3 0.91 + 0.39
Br 10 + 1 12 + 4 0.83 + 0.29
Dy 10.25 + 0.17 - -

Cs 8.6 1 0.3 8.6 + 1.1 1.0C + ¢.13
U 11.1 + 0.7 11.6 + 0.2% 0.9¢ -+ 0.06
$h 7.0 + 0.1 6.9 + 0.6 1.01 + 0.09
Te 1.8 + 0.3 1.8 + 0.3 1.00 + 0.20
Lu 1.0 + 0.1 1.0 + 0.1 1.00 + 0.10
Th 1.8 + 0.3 1.9 + 0.3 0.95 + 0.22
Eu 2.4 + 0.1 2.5 + 0.4 0.9% + 0.16
sc 9.7 + 0.5 9.4 + 0.5% 1.03 + 0.08
Z7r 300 + 18 301 + 20 1.00 + 0.09
Cl 40 + 8 42 + 10 0.95 + 0.30

Grand Average = 0.98 + 0.07

a. NBS Certificate of fnalysis,SRM 1633-Coal Fly Ash, Oct.,1974.
Gordon,G.E., et al., "Dlementsl Concentrations in the NBS Environ-
mental Coal and Fly Ash Standard Reference lMaterials™, Anal.Chen.,
Vol.47, No.7, June,1975.

*  Rumbers in asteviks are certified NBS velues, values in parentheses
ara noncertificed NBS values.
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Table ¥xv Llemental aAbundances i

Elonent® This Vorx IREA Velues ihis Work/IABA
AL (%) 8.42 + 0.04 8.19 + 0.28 1.03 + 0.04
Fe (%) 4.85 + 0.02 4.45 + 0.19 1.00 + 0.05
Na (%) 1.91 + 0.06 1.92 + 0.11 0.99 + 0.06
K (%) 1.86 + 0.20 1.86 + 0.15 1.00 + 0.11
Ti (%) 0.42 + 0.01 (0.47) 1.02 + 0.02
Ma 935 + 13 852 + 37 1.09 + 0.05
Ba 596 + 66 561 + 53 1.06 + 0.15
cr 30.9 + 2.9 28.9 + 2.8 1.07 + 0.14
b 143 + 7 138 + 7 1.02 + 0.08
Ce 52.4 + 0.3 59,7 + 3.0 0.85 -+ 0.04
La 31.1 ¢ 2.1 28.1 + 1.5 1.11 ¥ 0.02
Co 15.7 + 0.66 14.8 + 0.76 1.05 + 0.07
1 15.8 + 0.10 14.8 + 0.65 1.06 * 0.05
As 116.9 + 4.0 93.9 + 7.5 1.26 & 0,11
S8 4.83 + 0.01 5.42 + 0.3% 0.2 + 0.05
'Th 12.4 + 1.4 1i.3 + 0.73 1.09 + 0.14
HE 6.7 + 0.29 6.3 + C.3 1,05 + 0.07
Yt 2.61 © 0.20 2.24 + 0.20 1.17 + 0.14
By 7.51 + 1.10 5.4 + 1.0 1.39 F 6.33
Cs 56.8 -+ 1.4 56.7 + 3.3 0.99 + 0.06
U 5.20 + 0.40 3.04 + £.51 1.71 + 0.32
sb 15.9 + 0.6 14.3 + 2.2 1.11 + 0.18
Ta 0.76% + 0.068 0.764 + 0.056 1.01 + 0.18
Lu 0.405 + 0.010 0.336 + 0.044 1.20 + 0.16
s 0.546 + 0.098 0.665 + 0.075 0.82 + 0.17
Eu 1.13 + 0.01 1.18 + 0.08 0.96 + 0.06
Se 1.50 + 0.20 (1.4) 1.07 + 0.14
G 411 + 27 (330) 1.24 + 0.08

Grand Average == 1.09 + 0.17

* 111 concentrations are in ppr ( micrograms/granm dry weight of sample)
mless otherwise indicatod.
*% Tnternational. Atomic Fnergy Agency intercowparison run Soil-5 for
the deterimination of trace elewents in soll, InEA/RL/46, Jan. ,1978.
vValues in brackets are information values only.
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wder identicel conditions, it ic possible to guantify the concentrations
of any element present. in the unknown searples. The basic equation for

quentitative activation analysis is: °2/%3/5%

W ( A/ ofp 6.02:1023 {1 - ™2}

1l

vhare W = weight of the element

h
I

induced activity at FOB (Ind of Bowbardient)

¢ = Neutron Fliuw in neitrons/c 2/sec

Q
i

Thermnal neutron capture cross~section in barns
f = Fractional abwmndance of the particular isctope of the element

o~

% = Decay constant of the induced radicnuclides

Irradiation tine

ri-
Il

=
Il

Atomic weicht of the elament

The weicht of the elerent of interest can then be determined

Weight of Element in Unlnown = Activity of Element in Unknown

Weight of Element in Standard Activity of Blewment in Standerd

Tt would of course necessary to make appropiate decay corvec—
tions, background correcticns end other interfevences.
In certain environmental sanples, interferences from radionue-

clides of interest as well as that caused by the fast neutron flux of

the Triga reactor cccur and swomtimes are cuite important & significant

(oyrection factors must bz determined in order to produce accurate and
warhiguous results. Fxamples of some of the more praninent and cormon

interferinces encomtered in enviropmental analyses are shown in Table

ZXV.



Table xxvi : Commnon Carma Rey Cowmting Interferences Encountered

in Environrental ZAnalyses:

Radionuclides

271\1

T

JGI\_h

E (kev)

Y
121.8

1115.5

1014

1368

1778.9

846.9

or 1810

Interferences
152g3(121. 8 kev)
40658¢(1120.5 kev)
18203(1121 kev)
18270 (264 kev)
All positron emitters
755e (280 kev)
2771 (a,p)? "My
3051 (n 0)?7Mg
2hpg (n,p) 24Na
2721 (n,a)2%Na
2251 (n,p) 7821
31 P(n, )281‘;1
56Fe (n,p) 56

S9Co (n,n) S°rn
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RESULLS AND DIE SCUSHTON

(1) Bfficiency of Ton Dxche

tration medivm for disco

cyleg

Pesults of leboratory experivents pexfoned to evaluate and
bt

validate the effectivenszos of lon-exchangs filters as good and effici-

ent preconcentration nedivn for dissolved and/or tracer species are

U . e - P by ) e
chioan in Tebles VI and VI,

Exaradnation of ths data in Table VII show that cuantitatie
recovery of nost dissolved specios is achleved in rost instances by the

wse of cationic filters. The inclusion of anionic filteis boosts the

cvaralli recovery to over in noxt cases. This brings out an import

cdissolved ions in

c aspect of the nature of ch

Q\
r"'

1 natural water systeri. [t is presuwotuous and erronenus to assune

L

the dissolved ions oxist in cortain state (cationic/énionic/neutral)

N

vithout detailed and intimate knowiedge of i

)

e chemical/ohysical envic-

|

onrent and parameters such as the pi, presence of dissolved crgenics

g

etc., which heavily interact and influence and control the state o

cieg . 00 95, 56 Tt is therefore imperative

boings of the dissolved

i

in quentitative trace enalysis to include both enicaic and cationic
exchongers. Extensive stndies of the uses of ion exohand: > filters hod
peen carried out by Cirmbell®S:60,61,62 of 21, FHowever, their studies
were rostly carried out in distilled water and at plI (1-7) which do not

reflect the “real" situvation. For example, no consideretion was given

ch=lating substeances which may

1
5
o
=
=

to the presence of alkali salts ¢



adversely affect the collaction cofficiency of the desirved ions ag vwall

s the state of

Nelson b al. ,Cfi'z‘z’-.-'e shown that radionuclides of Zn,8h.Sc¢

and Ma in the Colubia River are distributed anong particulate

als, cationic, anicnic aad urcharged in true solution az shown below:

~

Distribution of Chenical Forms of 7n,Sh;S5c & In in Colubia River

T

Per Cent Soluble Fractiom In
Fleinent Caticnic Anionic Unchargad
n 83 12 5

Sb 0 16 84

n 48 43 10

Thera ig also considerable evidaences that

Cu,As,Fe,Co,Cr etc., are prestat partically as stable owganic corples

in water, 95: 56,57, 56,
In our study, the pickup efficiency of Sh by the cationic and

anionic asserbly is verv poor and that suggests Sb may be in the nevtral

form and not aff ~ted cr picked up by the imn exchanger. Zn, howover,is

found wostly in the cationic fornm, simliar to the findings of Nelson 63
et al., as shown above. Sc behaves dirvectly opposite to that found by
Haelosom and ex s rostly in the cationic form. It is difficull fo come

vare the two gets of data wihich may reflect very different environmwental
history.

The pickur of the In and Rave-Farth UIPA chelates by the an-
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oy osmete for the icn-evchanue sites, thus dacreasing the cuantity
of chelate picked up by the ion-exchanger. Also presence Of other

chelating spccies may cause the breakdown of the Dy and In chelate.)

(3 )'f ime Dops "‘C@Jl(}, f\f the Tracer uLabJ_h Lty undnr srmlluteo

river conditions:

One of the main criteria of a "good" tracer is that it should
remain in solution and resist leosses due to precipitation, sorption cte.
wsults of preliminary laboratory eperiments performed to test the
stability of chelated tracers wnder simudated river conditions are
cshown in Tables VIIT,IX,¥ and Figures VIIT,TX and X. The experinent
was also repeated for wnchelated Dy and In solutions and the results
are shown in Tabla XTI and Tiqgqure XI.

Several general conclusicns follow inmediately from these
wperiments; (1) Chelation with DIPA greatly imoroves the solution
stebility over simple ionic fom in all cases. Unchelated Dy and In
suffers substantial lcosses alter a period of eight days, with approxi-
mately 70 and 38 per cent of the original tracer remaining in eolution,
respectively. Chelataed tracers. on the other hand, tend to be more
roesistant to decorposition/sorption/hydrolysis/mrecipiatation reactions
etc., and more than  95% of the original tracer remain in solution aft-
ter a period of eight days. (2) Sorption of tracer to suspended par-—
ticulates present on wnfiltered river water was negligible conmpared

to sorption to bottom sedierent. This is, in all cases, probably due

o the small quentity ol porticulabas ver wiit volure of natural water
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Croure VITT: Tire Depenoence OF TRACER STABILITY UWDER SIMULATED

Rrver Conprtions I (UnriLTered River HaTER )
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Froure ¢ TivE Tepesmznce oF TRAER StapiLtTy LHnsr STMULATED
River Coxprrions 11 (FILTereD River Vatep)
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GURE X :Tire Depenoen

72

Ci OF TRACER SAARILITY UNDER STHULATED

Rivir Concitions 1T (Seppent + UFILTERED VATER)
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Freuse ¥1: Tive Topenpeicr OF TRACER STARILITY
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compared to the lacge amount of bottom sadiments used in these tests

(3) Simple ionic foirms «f Dy aid In are rapidly removed by sorption
onto sediments and/or precipitaZion due to hycrolysis etc.

Ovr initial worry thet sane dissolved species such as Fe{ITT)
md a few other trivalent ions which foma U™R chelates which ave as

stable oir even more steble than the tracer corpleses (Sse Teble V), thus

affecting the stability of the chelate proved to be wmfoundad. The afcio--

1

evparinents guggasts that Fe ray not e present as

oy

'J-

i

pentioned g

(D

rres O

Fe{TTI) or the quontity of Fe(lIl) a~d oth=r trivalent ions is vaiy low
in the natural system.
Pravious invastigations®t7°5,5%have indicated “hat the osidat--

icn ¢f Fe(l) is sevaraly retarded ‘v many retural water which contain

himio substances. Indeed;

been dermonstrated that OXGE anic C'\ffn))‘lrli,.u

which poszess the sthractural featun

!
o)

s of hunic sabstances and synthatic
crganic matter e.q. detercents, NIA,FULA, ave czpable of significantly

o2

altering the rate of oxidation of ferrous iron. A model was develcp

by Sincer et al®’ to explain the brhaviour of irven in the presence of
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Tn the absence of apnreciable quantities of dissolved organic
matter, ferrous ircn is oxidized rapidly upon the in troduction of oxy-
gen to ferric iron which precivitates as I'ell 1) 5 ond is resoved from the
system . If signifiicant concentraticns of organic matier are present,
the compleration reactions with ferrous iron will compete with the ouy--
genation reaction. Tha fracticns of ferrous iron carplesed or oxidized
will depend on the ni end the cuantity and types of organic patter present.
Poueous iron behaves according to the model because of the relative case
with which the ferrous-feric couple can wdergo reversible oxidation and
roduction. Iowever oiher etals, notably mengrnese and cobalt, also po-

ssess this property such that the potenlial pathr are not spacific

for iron. In addition, the corplexing ability of the organic matter

‘Aess of their redox chisacteristics) plus the

for other metals (e
adsorptive capacity of hydrous ferric oxide for other metals indicates
that such a model way heve significant offect on the avallability end
distribution of other trace elerents in natural waters.

Finally, in cavparing the solution behaviuor of the chelated
tracers developed here, DyDiPA holds the best tracer possibility since

its solution stability is suzerior to the In chelate.

(4) Number of Filters and Filtrations Paguired to Nchicve

Cotirmum Pecovery Of Dissolved Species and Tracer in River Vater:

Pesults of ewperirents perforved to cvaluate the minirum
nuther of filters and nuber of filtrations reguired to achieve quanti-

tative recovery are shown in Tables XIIT and XTV Jawiliary experirent



performmed to datermine the effect of pil on the picluy effciienty of the
ion-exchanger and the restlts zre shown in Taole XV.

Several facts stend out from such expercinants. (1) One to three
filtrations seem to Le quite adecuate in rawoving the lracers cuantitati--
vely. An increased nunber of filtrations beycond three appears to have
slicht or necligible effect on increasing the pickun efficiency. This
result are in accord with the findings reported by James®® 59 and van
Grieken’? who found satlsfactory collection efiiciencies after only one
pass. Carpbell et al., howvaver recommend that solutions to ba analyzed
be filterad seven tires to achieve high collection efficiencies. In add-
ition to evidence provided by the above experiments, results obtained
in othar experizents peorformed previously (Sec Table VIT ) have shown
that two filtrations provide pickup efficiency »90% in wost cases. Theve-
fore, filtering a solution twice should lead to satisfoctory collection
efficiency for manv elevents and was adopted for subscguont woik.

In goaeral, two fiiters arve uzed in every experiment and the
first or top ion exchince filter removed more than 90% of the dissolved
species in a single filtration as evident in the xesults in Table XIV,
In fact, results in Wdble XITIT provide evidencs that this finding is

correct and furthermore the il does not have drastic effects on the

efficiency of these filters. This result is contravy to the findings of

w

Carrbell Y9762 yho ohserved that all the cations tested are precipitated
I f

at pli v7 and therefore rawoved from the solution. However, vesults by
Van Grieken’?, Taylor’® Holyvnska’? and Underwood”? all suggest cuantita-

tive reccverv is achieved at neutral pH (v7.2). Nevertheless, it was
L '
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decided as a general and good practice in subscauent work to filter
the samples through two disks of ion-exchanger twice to ensure quanti-
tative recovery especially in the event of high trace element concen-
tration in the water samples which may exceed the ion-exchange capaci-
ty of the single disk. ( The ion-exchange copacity of cationic filter
is approximately 5.1 mec*and that of the anionic filter is approximate-
lv 3.2 meg*; see also Arpendix T & IV)

In experiments performaed to test the recovery of tracers and
dissolved species in natural water, there were several initial diffi-
culties as discussed previously (See p.36) Tirctly, the filtration rate
is extremely slow. Secondly, the possible retention/leaching of trace
elermenis by/fron nrefilters (Nuclepore/Whatman Number 1) included to
ramove parcticiuates ond speed 1 the filtartion rate. Results of such
erperiments are shawn in Teble VII. The percantacge retention of the
rare carths ave neusligible in both kinds of filters. However, the com-
mon natural elements are retaired more substantially by the Muclepore
espacially in the case of As and Ta. The higher retention by the Nucle-
pore is probably due to the fact that any dissolved ions sorbed onto
the suspended particulates may be retained by the filters. The Whatman
filters which have lavger pore size ( 10 wm corpared with the 0.45 um
porce size of the Nuclepore ) than Nuclepore and thus rastain only lar-
ger particulates wirich in turn offer less surface area per unit weight
of particulates for any sorption reactions thzn those retained by the
Nuclepore. The retention of rare ecarths by the Vhatman filter is pro-

bably due to their hich affinity for the cellular materials which con-
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stitute the bulk of the Vhaimon filter and such phenonmenon is also ob-
served by Chatter et al.’* The high retention of As by Nuclepore is a
nystery and beyond any logical explination.

In general, it would seem that the Nuclepore filter should
provide an excellent medium for separating particulate materials from
the dissolved species. It has high tensile strength, is non-hydroscopic,
has 17 intrinsic trace element content (Table XII) and high degrec of
wiformity of physical properties (See Appendix III), all of which are
criteria of providing good ¢uantitative recovery of particulate matter.
Vhatmen filter, on the other hend, seamns to be less efficient as a filter

for cuantitative determination, is wore hydroscopic and has higher intrin-

sic trace elem=nt content.

(5) Baseline Studies of Flarental Aoumdences in Willamette

Fivor ¥Water and Sediments:

This phase of work include the sanpling of water and sediment
from verious parts of the Willamette River and constitute an integral
part of the subsequent tracer work. One criteria for a good tracer is
that its natural concentration in the water systen should be low. As
part of the moasurements of the background levels of the tracer elements
ve measured  the abundances of more than thirty elements in the sediment,

suspended partionlates, dissolved cationic and anionic species at each

of the twentyv three sampling locations. ( See Table Al-A23 in Appendix V)
In addition to campiling "baseline” data, this study is also

intended to investigate and pinpoint if therve is any unigue trace ele-



79
ment (g)characteristic of sora of the pollution sources wnich may bo used
as "natural" tracer(s). Tble WVII swmarizes and compwres the average
elomental composition of the Willamette River sediments with other ter-
restrial sources. The absolute elemental composition of the sediment
from each site are shown in Tables AL-A23 (Znpendix V) and Figures XTI,
XII1,XiV, XV and XVI.

Figures XVITL,XVIIT end Table XXVITI show the relative elermsntal
abumndances of the Willarstte sediments using the elermantal ebvndences of
"Oregon Soils"’® (Table x¥I¥) and basaltic rocks as vepressntative cirus-
tal materials of the Willainette Valley. The results suggest little anthro-
pogenic contribution. {(The hich clemental content of the sediment moy ob-
scure the contrikuation of any anthropogenic source.)

The absolute and relative elaental abundancas of the suspan—
ded pacticulates are shown in Table XXX ond Ficure XTX. The results
suggest that ths suspended porticulates are similar to the sediment
in elemental concentrations and can be consideied as upswept" sedi~
ment. The depletion of certain elarents compared to the sedivent sugg-
est that other materials such as suspended organic particulates, kiota
vhich may include zooplonkton etc arve also part of the particulate
measured. Despite of the uncertainiy in what constitutes the susponded

particulate, the basic corposition is similer to the sediment.

The dissolved species concentrations show distinct anthro-
pogenic contributions and characteristic "{fingerprints" can be develo-
ped for pulp and paper mill effluent, sewage outfalls ete. For exarple,

it appears that Zn and Br represent useful tracers for sewage outfalls

along the Willamette River while Cr and As act as tracers for pulp
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Tabile XXVII Elemental Abuncdances in Willamette River Sediments as Comparced to Cther Terrestrial Sources

Willamette River Basaltic Rocks Sedimentary Rocks Crustal Abundances

Element Average Fange Averages Averages Averages
AL (%) 8.4 + 0.1 7.83-9.5 8.76 10.45 8.23
Fe (%) 5.8 + 0.1 4.8-7.2 8.56 3.33 5.63
Ca(%) 2.8 + 0.03 1.9-7.2 6.72 2.53 4.15
Na (%) 1.2 + C.03 1.2-2.3 1.94 0.66 2.36
K (%) 0.83 + 0.0 0.7-1.2 0.83 2.28 2.09
Ti (% 0.81 + 0.11 0.7-1.1 0.90 0.48 0.57
M {ppm) 818 + 1 666-1255 2200 670 950
Ba 486 + 2 390-562 270 800 425
v 166 + 1 122-188 200 130 135
Cr 99 + 0.1 62-133 300 160 100
Ni 44 + 5 32-61 160 95 75
Rb 36 + 0.4 3¢-51 45 400 9¢
Ce 36 + 5 29-46 i0 30 60
La 22 + 0.1 16~26 27.0 40 30
Co 27 + 0.1 20-31 45.0 23 25
Sc 20 + 0.1 18-24 24.0 i0 22
As 5.8 + 0.1 4.4-7.0 2.0 6.6 1.8
Sm 4.7 + 0.5 4.0-5.6 1.5 5.0 5.0
Th 3.5 + 0.01 2.8-4.7 3.0 1.1 9.6
HE 4.6 + 0.01 3.3-6.2 2.0 4.0 3.0
¥h 2.8 + 0.01 1.8-3.3 1.0 2.2 3.0
Br 3.6 + 0.04 0.5-8.4 3.00 6.0 2.5
Eu 1.3 + 0.1 1.1-1.5 - 1.0 1.2
Dy 1.5 + 0.27 1.2-2.2 1.5 4.0 3.0
Cs 1.9 + 0.02 1.3-4.1 - 1.2 3

U 1.4 + 0.01 0.8-2.6 0.8 3.2 2.7
Sh 0.74 + 0.04 0.5-1.6 0.15 1.0 0.2
Ta 0.62 + 0.01 0.2-1.1 1.0 3.5 2
Zu 0.38 + 0.01 0.3-0.5 -~ 0.2 0.5
Tb 0.52 + 0.01 0.4-0.8 - 0.9 0.2

e08
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FIGURE XV ELEMENTAL ABUNDANCES IN WILLAMETTE SEDIVENTS
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Table XXVITI: Relative Elerwintal Concentration in Villemette Sediments I

Mosolute Relative
Elermont * Coaceontration Concentration %

AL(%) 8.4 1
Fe (%) 5.8 0.7
Cal(s) 2.8 0.3
Na (%) 1.9 0.2
K (2) 0.83 0.1
Ti (%) 0.81 0.1
Mn 818 0.01
Pa 486 0.006
Y 166 0.002
Cr 9% 0.001
Ni. 44 0.0005
Fb 36 0.0004

> 36 0.0004
Ia 22 0.0003
Co 27 0.0003
Sc 20 0.0002
s 5.8 G.00007
Sin 4.7 0.00006
Th 3.5 0.00004
Hf 4.6 0.60005
Yb 2.8 0.00003
Br 3.6 0.00004
u 1.3 0.00002
by 1.5 0.00002
Cs 1.6 0.00002
8] 1.4 0.00002
Sh C.74 0.000009
Ta 0.62 0.000G07
Lu 0.38 0.000005
™ 0.52 0.0000086

% A1l nunbers are in micrograms per graa of dry sedirment unless
indicated otherwise.

** Normalized to Al = 1.0
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Tabhle ¥X¥XX: BElerental Concentrations in Oregon Soil '~

Elenent Mosolute Concentration RPange

2J.(%) 9.95 + 1.05 9.32 - 11.27
Fe (%) 5.68 + 2.0 3.25 - 8.80
Ca(%)
Na(%) 0.54 13 0.43 -- 0.
(%) 0.68 .01 0.23 - 1.
Ti (%) 0.73 02 0.43 ~- 1.
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Falative Concentration

Tiore XVIII: Relative Concentration of Elements in villamette Sediments (Hormalized to A1=1.C)
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Table XXX Absolute and Relative Flemental Abundances in Suspended

Particulates

Absolute Relative ‘

Element * Concentration Range * Concentration **

Fe (%) 2.82 + 0.01 0.56 ~ 10.46 1

Na 1721 + 2 560 - 8025 0.06

K 1477 + 13 585 - 6412 0.05

Mn 201 + 1 129 - 3070 0.01

Zn 108 + 3 45 ~ 3750 0.0c4

Cr 11.4 + 0.3 6.5 - 243 0.0604

Co 3.8+ 0.1 30 - 36.5 0.0001

Sc 1.8 + 0.1 1.17 ~ 17.4 0.00007

patss 1.65 + 0.01 0.67 - 32.1 0.00006

Sl 1.20 + 0.01 0.34 - 6.26 0.00004

Br 5.46 + 0.11 3.28 - 143 0.0002

Eu 0.014+ 0.001 .0014 - 1.19 0.0000005

* A1l concentrations are in ppm (parts per million) unless indicated
othervice.

#% Normalized to Fe = 1.0



Figure XIX : Relative Elemental Abundances in Suspended Particulates (Normalized to Fe = 1.0)
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This Work

Table X2{1:

Element Mean
Br 4.5240.01
Co 0.03+0.0C1
cr 0.14+0.001
Fe 2046
X 26+1
Mn 2.38+0.01
Na 112+1
Zn 2C+2
Zu* 1.234+0.03
Sm* 18.6+0.3
Sc* 7.7+0.1
a:

Pacific N.W.

Range Mean Rance
2.1-48
.02-C.5 3 1-17
01-66 5 1-36
5-10 2 2-256
-110
£-71 2.8 0.4-28
40-440
0.6-123 40 2-330
0.3-440%
20-59
2.0-24.4

Willamette at
Portland

.
Mean

Range

0.4-3.2

12-70

Hydrospheric Trace Element Abundances in Various American ILocations ( ng/ml )

United States

Mean Range
17 1-48
9.7 1-112
52 1-4G600
58 0.3-3230
64 22-1183

Xopp,J.F.,Kroner,R.C., "Trace Elements in Water of U.S.",U.S.Dlept.ofIinteriox,F.W.P.C.A., Division

o

b3

Pollution Surveillance,

* Concentration in parts per trillion ( pg/ml)

Cincinnati,

CHIO.

16
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CIGURE WX1: FLEMENTAL ABUNDANCES IN WILLAMETTE RIVER WATER
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and paper mill waste. One intervesting by-product of this investigation
is the finding that th2 simple fractionakion of the dissolved species
into cationic and anionic fractions is a powerful tool in pollutant
source identification. In Fiqure XXII, we show the total dissolved
Co concentration, the anionic Co concentration and cationic Co concen-
tration as a function of position along a section of the Willarette
River. The resolution of the middle peak in the total dissolved Co
concentration into its anicnic and cationic corponents has revealed
that two separate sources, a cationic source (a sewage outfall) and
an anionic source {(a paper mill), are contributing to this peak.Also
an inspection of Fiqure XXT shows the main "region" of mwore polluted
water in general; this include the Harrisburg area, Albany area and

the Salam avea. This iz espscially true in the case of Albany and

along the Willamette River.

It is irportent to reiterate that in cuintitative and cuali-~
tative trace analysis of discolved species in water to take into con-
sicderation the chemnical spzciation that may have occured. It is pre-
sumptuous and erroneous to assure the dissolved ions exist in a cer-

tain state without intimate knovledge of the parameters which heavily

nacles.

influence the state of beings of these dissolved sr
z 4T

(6) Fresway Lake Fxperiments:

The primary purpose of this experiment as described earlier
is to test the conservative neture of the traccer in actuval field situ-

ation end in tha presence of 'natural ingredients" such as dissolved



Figure XXIII: Total Dissclved, Cationic and Anicnic Co Concentration
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organics etc. The water in he lekes ave heavily turbid, muddy yellow

s

~

in oolor and contain large aowmt of suspendad particulate. This shoul
provide an ideal situation whare the application of fluorescent dye may
be unsatisfactory and the vse of activable tracer becomzs the only al-
ternative.

Results of these experime are shown in Figures III,IV and
V and Table XVIIT. The Iehaviour of the tracer can best be susnarized in
the plot of tracer concentration versus tims as shown in Figqure XXIV.
A mass balance calculation of the cuantity of the tracer remaining in
solution is calculated by miltiplying the averags concentration of each

tracer in each lake (See Tigures ITT,1V and V) by the volume of water

present in each lake. The volurs of each lake is estimated by multiply-
ing the area by its average denth. Several essumptions were mades in

such calculations: (1) The rass of water in each lake remains fairly
constant during the sarmpling period. This was based on the cobservation
that the water depth gzuge under the bridge which connects Lake I and
Lake II remained paractically constant during this period of time. (2)
The average depth calculated by taking the mean of the depths at various
points of the lakes represent the "true" depth. Again, it must be stress-
ed at the outset that the largsst source of error in our mass balance
calculation stems fram the inability to know the voluwme of water present.
The calculated percentage of tracer left after 1,3 and 15 days is shown
in Teble XVIITI. The results indicate that at least 96,80 and 78 per cent

of the tracer initially addad still remain in solution after a period of

1,3 & 15 days respactively. The results indicate the lower limit of the
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tracer stability because no consideration is given to the amount of
tracer carried awvay by the outflow/efflux of the lakes. From the con-
centration versus time plot in Figure XXIV., it can be scen that after
a period of one day, no eppreciable quantity of tracer migrated to the
larger lake which is more than 100 yards away from the point of injec-
tion. Osk Creek which flovs into ILake I probably provides the "pushing"
power in addition to the wind in causing the turbulence necessary for
conplete mixing in the lakes. The concentration profiles of the three
lakes show that during the 15 day experiment, the concentration of the
two larger lakes increased while the concentration in the smaller lake
decreased, indicating coentinvous micration/diffusion of the tracer to-
wards the larger lakez. Further examination of the concentration profiles
of the tracers indicate that the tracer concentrations are highest at

"dead" srots or roints where the water is stagmant.
L i

(7) Willasette River Ineriment T:

The mair objective of this experimant is to test the conse
vative nature of the tvaczr in addition to providing a good test of
sanpling logistics and validity of the U.S.G.S.Hydrologic Investigation
Atlas in predicting tracer arrival time .

At this point, it may be useful to explain briefly hcw tc
dexrive tracer arrivel time using discharge data and the U.5.G.S.Hydrolog-
ic Investigation Atlas such as the "The Travel Rates of Water for Selec
ted Streams in the Willamette River Basin' (See Table XXXIT )  The tahle

P =

on the Lop provides laily discharge record at various gauging stations.
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while the diagrams ave travel-rate graphs determined by dye--tracer
studies. In each diagrea there ave two curves, the dashed curve re-
presents the leading edge of the tracer, wheveas the solid curve re-
prezants the peak concentration of the tracer. Tne travel rate for a
particular subreach is obtained from the graph by entering the dis-
charga figure for the particuler subreach and finding the coincidant
travel rate from the gppropiate curve. Travel time can be derived
for each subreach by dividing the distance along the sucreach shoun
under each graph, by the travel time. Likewise, tim2 of travel can be

calciilated for the pea

/\

concentration of the tracsi by using the pead
concentraticn-dischorge relation. For example, the tracer was injeclted
at Peoria Poat Ramp and satrles collected at Corvallis near the Oregon

State Crew Dock. The tracer btravel time can bs caleculated as followss:

Ieading Edge Travel
Subreach Discharge Travel Rate Cistance Time
9 4170 cis 2.3 mph 7.5 miles 3.26 hrs

since the OSU crew dock is epproximately one mile Cowa stream from

the Corvallis filtration plani, en zdditonal 0.43 hour should bz added.
This provid= a rough indication that the tracer will axrvive the sarpling
site 3.69 hours after conwencement of tracer injection. However, sampling
was begun an hour eariier than the predj.cged tracer arrival time and
sammles were taken at an interval of five minutes. In using the ¢ontinu-
ous injection method 77, it is necessary to remove samples over a fin-
ite period of time when the tracer concentration is constant but unless
some indicator is used, the presence of a region of uniforn concentration

at the sarmpling point is not evident. In such circumstances, a large
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nuber of samples is taken to guarantee coverags of the transit peviod.

1.

Since we have vet to prove the prediction of thoe tracer arrivel time

using the Hydrologic 2tlss #11A-273 is acourate, we decidad therefore
to take sarples every five minutes to ensure our szmpling covers the
tracer transit gericd.

The total cuantity of tracer used was 39.1015 grams of Iy,
chelated with DTPA and diluted to 8.3 liters with distilled water and
than purped continvously for a peried of 1 hour ond 20 minutes at a
rate of 1.0 ml/sec. The river discharge rate at the day of the esperi-
ment: was 4170 cfs (cubic fest per sec) or 118 wms (cubic moters per sec).

By using the following relationship:

Q J'(Cq = Cy) dat or Q2 (Cq - Cb)A t (1)

vhaere dt or At is the time gpan batween samples

Q is the river discharye rate
Cc: is the concentration of downstrean sammles
C}; 1s the background concentration
the amount of tracer present in the river during the sampling pericd
can be calculated. The total amount of tracer injected into the river
is represented by the following relationship:
qCQT (2)
where CO: tracer concentration.
g = tracer injection rate.
T = total tracer injection tine.

Since the CG,T,q,Q, terms are known, C, and Cb can be measured
4 .

and At is also krnown, the extent of the tracer approaches ideality with
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regard to solution stability can be obtained from the ratio of ecuation
(1) and (2):

o, ~clotl /A chT }

In the estiimate of Q I( Cb) tt cne assumnes that the
cross sectional concentration of the tracer is wniform, that is to say,
the tracer is well mixed at the sampling point. Thore are several cri-~
teria that will determine the where and when savpling should be done:
(1) Sampling should be parioms=d at point(s) far enough downstream for
complete mixing to have occured. The oorrect choice of this point is
imgortant. If the sanpling roint is too close to the injection point,
errors may result from incormplete mixing but if the measuring point is
too distant, excess dispavsion occur and the tracer is over diluted.
The lower linit of th= working distence is determined by the mixing of
the tracer with the river water. The mixing is fast if the injection
is performed in a region wnsre velocity of the current is higher than
mean velocity (bottlenzcks, sharp bends, rapids stc.) or in zones of
eddy currents. In these places, the injected substances mixes with the
water after travel a short distance and the concentration cuickly be-
cowes wniform. Ta plain winding rivers, portions (lateral zones: ) of
the tracer cloud can enter stegnant waters and are later carriad again
by the current at a low velocity, this effect lead to a significent
broadening of the tracer cloud and therefore, to an increase of mixing
lengith. Saveral ampirical equations have be:n proposed for determing

o minimun requirved distancs: for adequate mixireg; e.g. (1) L . =

) mix
V3 e _ ) , . )
j40; where k is a constant equal to 200 fors side imjection and
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50 for center injection, Q = river discharge rate. (ii) Loy = 0.13 x
(b?'/H) (C/g) (0.7C + 6) 81 yhere b = mean width of the stream, H =mean
depth of the streem and C = Chezy's Coefficient ( 152C<50) which depands
on the nature of the river bed and g is the acceleration of gravity.
Jsing the two empiricel ecquations, one finds Nix is between 0.6 mile
and 15.8 miles. Unfortunately, the first relationship grossly underes-
timates the mixing lencgth while the second equotion cverestimates it.
Since Corvallis is sbout 10 miles downstream from Peoria, we felt the
tracer would be well mixed at the sarpling point. The results of the
experirent are shown in Teble XXXTIT and Figure XXV and they show at
least 82% of the tracer spacies remain in solution during the experirent.
The nurber shown above (82%) is cstimated as follows:
Pran Table XXXIIT  :C At == 166746

q
0 chAt = 166746 x 4170 x 28.316 x 103 x 10712 = 19.69 g Dy
Veight of Dy used = 39.1015 g
Total volu= of tracer solution = 8.3 liter

Concentration of tracer solution = 4.71 g/l

Tracer injection rate = 1 ml/sec Total time of injection

1l

1 hr & 25 mins. Total quantity of tracer injected = qCQ’
1 x4.71 x 1073 % 85 x 60 = 24.03 g
Ratio of Equation (1)/Eguation(2)
=(19.69/24.03)x 100% = 81.9%
A plot of the concentration versus time curve is shom in
Fiqure XxXV. One can sce immediately that the curve represents the

latter portion of the finite period of time when the tracer concentra-
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Table XXXITI: Data JIog of Tracer Stability Field Test T (Willanette
River)

Sarple Time £t (Minutes) Concentration C%
m2sl 1323

5 56.6 + 10.3
m2s2 1328

5 55.6 + 12.6
m2s3 1333

5 52.3 + 8.1
m2s 1338

5 49.0 + 9.0
m2s5 1343

5 49.9 + 9.8
m2s6 1348;30

5:30 43.4 + 8.0
m2s7 1353

5 40.0 + 11.4
m2s8 1359

5 43.8 + 10.5
ms9 1403

5 23.8 + 2.6
m2s10 1408

5 20.1 + 7.0
m2sll 1413

5 19.4 + 3.4
m2sl2 1418

5 15.4 + 2.7
m2sl3 1423:30

5:30 14.4 + 3.0
m2s14 1428:30

5:30 15.4 + 3.2
m2sl5 1433

5 18.7 + 2.1
m2sl 1438

5 16.5 + 2.6
m2sl 1443

5 8.7 + 3.8
m2s18 1448 o

* Concentration are in ppt (parts per trillicon)



tion is constant. Tn fach, the portion of the cave vhich reprasents the

IS

-

gradual build vo of tha vrocer concentration is absent siundlfying a

misjudament in the

 tha sarple collection. According to the
U5GS Atlas, at a dizscharge of 4270 «fe ox 118 cms, it would take botm -

.

esn 3 to 4 hours for the tracer to arrive st the sarpling point. Since

[

the injoction is performad at the river bark, it would teke a considevably

longer time to arvive abt Corvallis as explained provicusly. Howevel,

.

a glimpse at Fioure xwv  suguests otherwise. The explanaltion can ba

»

N

doe to the tremendous change in hydraulics of the river which may have
taken place since the 2tlas was published (The Atlss was publishad in

1868). Faectors such ez bank irregularity, vegetocion, channal aligoment,

river bed configuration, channel obstruction, converging or diverging

stroagns drastically affect the flow in the wiver. The discharge rate
used in estimating tha travel time is for Harrishuirg botween there is
no gauging station heoreen Peoria ond Corvallis end tha discharge rate
was adopted without teken into oconsideration of the discharce into

the Willamette frum the Long Tom and Mary's Rive

s vihich moy incyes
the discharge rate batweon Peoria and Corvallis and hence decresse
the time needed to arrive at tha sampling roint.

If the plateau of the curve ¢vtends far backward, it would be
inmediately obvious thet the time-concentration integration of the "tail”
portion will be smaller tha@n tha® obtaired from the plateau. Thiz means
the anount of trecer remaining in solution as calculated by the ahova

technicue underestimates the tracer stahility.

{8) Willarelte Kiver Experivent IT:
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This exparirznt nvoles the continuous injocticn of DyUTRPA

tracer of known concontrarion { 145.62 g of Dy, dizsolved in nityic acid

s

and diluted to 17.1 distilled wateor ) at o ocongtant rate

1 ml/sec ) for a total period of 3 hours into the final effluerc tank
.5 to 5 miilon gallons per dey )oif the Allany Muni-
cinal Sewage Treatinont Plant located eboub half o mile fxom the bani
of the Willarette River.

The ma'n objective of this experimsnt is o test again the
wnservative nature of the tracer end in addition tuy to find out it
there is any uwnigue trace elerent present in the effluent that nay
sarve a3 a "natural" tracer. Fesults of such erperiments are shown in

Tables XXXIV and X3C0: A skobeh of the szooling locatioas is show in

Pigare X¥VL,

Sarpling of backgroand becan approvwinadely an hour prior

to tha comvencs tracor injection and sapwlesn vare taken above

tha sewage outfall, at and beloy the cutlall to obtain a conplete pro-
file of the "blenk" trace element distributicon.

Four sampliteg stations were established (i) Arproximately
150 vards from the ontfall (Station B) (2) Stabion C is located ridght
above Western Kraft end aboulb a mile downstresm from tha oubfall.
(3) Station E is located obnoub one mile downstreen from Wastern Xreli
outfall and there is a sharp bend at this location this causing very
turbulent flow. {4) Staticon D ig about two miles down stresm fyom the

Western Krartt outfoll and was in a reqgion where the flow was rather

slugagish and not tucbolent. A1l these stations were chosen to represent
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aulic characcerisblos.

differcnt parts of fhe river showing distincet hyd
a2 - e

The actual sam rred  about an hour aftor the tracer

3

ramed on +to allow anle time such that the toaces concantra-

1

stare., After texing crogs-sectional somples

the

fa

from Station B, the

»ling station was then moved o next point

e

dovmstream  as shown in Figure XXV . The resulis of the exneriments

arc shown in Tebles ¥XXYIV and XV end a glis st the results indi-

cate that the shorter distance involved shows et tha tracer is not wall

wixed resulting in a racter non-mifom tracer distribvtion at vasious

sarmling sections. In genarial the tracer concentrations tend to be highar

along the bank of the river where injection of the tracer is carried out.

The per cent of Lracer remaining in solution can thow be calcalated using
)

the hydrologic infommation end results in Table 2XXIV and XXXV as follows:

The mi-ion made in the caloxlation is that the wai-

chicvlar saroling site

ghted average of the tracer concontretion at

- P I MWeioon "o ~ PRI
ve oresaents the "vrue" concoentoaition.
i
. ,

Concentraticn of Tracer solution = 8.5 mg/ml
Tracer Tnjection Date = 1 ml/sec

Quantity of Tracer injected = 8.5 ng/ue

D
o

River Discharge Rote = 7820 cfs

. - - ary o a3

Concrntration of Tracer in River = 8.5%10 /7920 ¥ 28.32 x10
= 28.4 pg/al (ppt)  assuming no loss ecc.

Concentration of tracer at Staticn B = 35.9 ppt

Hence % remaining in soluticn = 35.8/53.4 x 100% = 93.4% elc
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Finally, ratios helbweon concontrations of dissolved Zn and &r
and the DyDIPA tracer af various samling lovations were calculated end

the results are shom in tne following table:

Table XXXVI: Ratio of (Zn/Dy) end (Br/Dy) at various samoling locations:

rol ing
Station Dy # o * Br* VASYADY Bx/Dy

B 35,94+ 1.1 13 +5 10+ 0.1 0.5+ 0.1 0.3 + 0.01

o
=31
L2
fieN
()
+
o
co
[\
-
£
12
fo)
+
o
N
|
o
[ea
-+
(@)
—
o
-
(@)
(o)
]

* Concentrations in ppt

The Jlarge increonse in the ratios at skation C which is located
about 150 va from the sowage ovifall indicate *+hat the sovrce of 2n
and Br is not frzwn the sevece plant. losever, the ratios decrease
at point D but rove drasticelly for the Zn indicaling thal %n is pro-
bably rowrred mose rapidly than Br.  The Br/Dy ratio bshaves fairly
constent at various points cxcepl at point € vhich can be due to the
influx from sowe source between the sewage outfall and the Western

Krafs Oubfall
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The laboratory and fi

indicate that chelated tracern

CJ

ctability than wnchelatad

chserved in all ca

S pOS3eSS sian

. tracers. Nevertheless, loss of

211 exrmeYy irents T‘D'K'O) o An this work

ificently grester solution

tracer is

es und that may be attributed to (1) exchange re-
actions vwith uetal spacies present in the river wabter during storage
prioc to analy:is, (2) sorption reaction with solid phases including
sediment and szuple contaiver, :nd/or (3) biodecradaticn of tha chelate.

By freezing the wzter sampees,

of

w2

found little or no evidence

retallic species beling sorbed onto or leached out from somple con-
tainer and contamination feom chemical reagents/solvents is thus reduced
to a nynimaa.
Resules of field excerciments performad deronstrate that stable

activable tracers

the uzo

P NS

Anvoliving

products which can be ennlyzed ranidly ¢

tracers

tools of envirorrental

n

other phencrmnz fresh water
Ve alzso made a reasonably det

cOonte

nts of oand water at some

"hot"

industrialized spot along the Willa

study is intended crimarily o verify the

and RES in the Willarstte River water and
tion on vhn trace elarent distribution in
teristic "trace olowent fingerprint” !

scientists in studying vollutant dispersal a

sSysCenn.

can b2z dobog

of IEE with chore-lived activation
ave cost cometitive wvith radio-

ent dyes end should be given a place @long with other

nd

d survey of the elewental

rore highly populated and

tio River. This "baselina”

expacted low levels of Dy,In
sedirent and to obtain informa-
tha river to see if any charac-

rmined for the various
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industrial or waste discharce along the rivor. [hter ueliby is reasured

directly by the enalysis of the water, hovevar, the ©

ats avoe subijected

to wuch varietions Uing on the sesson, receat rains, rives level,

local tevperaturs eto. It is thevelore presumoiod

to say that the
“grab" sarples we cnalyzed ave truly indicative of the elerantal concen-

trabions in the river water without taring into considaration the factors

rentioned above. Neverthsless, ths informetion cean serve as new analy-

tical data on Willarette River water gquality énd can help in assessing

T,

nesy pollatant rels

e Willamette River. 'the background ooncsn:-

tration of Dy, In aad K5 in the Villawette River arve outraraly low snd

this makes the use of anionic DIPA chalates of Dy,In and/cr other RED

very attractive water tracors, The Dy,In and REE conceatration in sedi-
rent are naich hig than that present in the river water. However, no

metals were present at lovels that wicht present en ecolcoical threst.
The application of ion-exuchange filter in our routine water

sarple preconcentration end frackionation, becavse of its low selecti-

vity, has the advantece of rocovering cuantitabively wost of the S
of interest. Also the anion axchange Tilter possesses several intrinsic
quaiities which ma<e it wmicuely sulted to recovery cf the DIRA matal
chalates fran fresh water. By recovering only anionic speciecs, contamin-

aticn from activakble cations i3 drastically rediiced and the bulk of tho

¢

anion exchancer consists of elanents { C, N, H and O ) with low thearal

neutron capture cross-esction, it provides en irvadiation matriz with

lov background. In addition, the use of cationic and anionic ion-exchande:
can cause a sirple fraciicnation of the dissolved species and provide

a rough indication of the chamical speciation of the natural water.
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Pppendix I:Physical Characteristics of Ion-Exchange Mermbrane®™

Ion-Exchange ACropor SA-6404 SB-6407
Ion-Exchange Resin Dowex 50W-X8 Dowex 1-X-8
Exchange Type Strong Acid Strong Base

Cation Exchange Anion Exchange
Cross-Linkage &
8% DVB (i) 83 DVB (C17)
Ionic Form
Ion-Resin Type Sulphanic. Acid cross~ - Quaternary Ammonium cross
linked to polystyrene  linked to polystyrene

Filter Size 47 rm 47 ym

my per 47 mm filters

Total 115 100
Fabric 64 64
Ion-Exchsnge Resin 32.5 27
Binder Resin 18.5 7

Ion-Exchange Resin

b 5.1 3.2
Capacity meq/g

a: Gelman Instrument Company, Ann Arxboxr, MI 48106.

b. Ion exchange capacity in milliequivalent per gram of ion exchange
resin.
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APPENDIX II

POLYVIALS CLEANING PROCEDURE

(1) WASH POLYVIALS WITH 2N NITRIC ACiD FOR 10 MINUTES USING
"ULTRASONIC" CLEANER?

(2) RINSE POLYVIALS WITH DISTILLED WATER FOR SEVERAL TIMES.

(3) WASH POLYVIALS WITH ABSOLUTE (95%) ETHANCJ IN "ULTRASONIC"
FOR ABOUT 10 MINUTES.

(4) DRAIN THE ALCOHOL AND WASH WITH ACETONE FOR 10 MINUTES.

(5) AIR DRY POLYVIALS ON A CLEAN SHEET IN "CLEAN" ROOM EQUIPPRD

WITH LAMINAR FLOW FILTER.

* Manufactured by Branson Cleaning Equipment Co., Shelton,

Connecticut, U.S.A.
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Appendix I1I: Physical Properties of Nuclepore Membrane &

Trace Element

Hydroscopicity

Tensile Strength

Pore Geametry and
Distribution

aj;

Property

Tare Weight

Ctent

Specification

0.5 to 1.0 + 5% mg/cm2 depending on pore size

Aluminum
Calcium
Chronium
Copper
Txon
Magnesium
Molydenum
Nickel
Potassium
Sodium
Tin
Titanium

Zince

50
‘0.1
12.0
3.0
90.0
6.0
7.0
7.0
17.0
656.0
3.0
12.0

6.0

::hg/bmz

ng/ o
ng/cm2
ng/ i
ng/cm2
ng/ anz
ng/ an®
ng/anz
ng/ ot
ng/cmz

g/cm2

g/ n?

2
g/cm

Non-hydroscopic. Only 0.24% weight gain aftex

imrersiom in water for 24 hours.

3000 psi minirwm

‘Near perfectly cylindrical pores nommal to

surface with evenly randan dispersion. Pore

size deviation is +0 to -20%

Nuclepore Filtration Products for the Laboratory, Catalog Lab 30,
NMuclepore Coxporation, Pleasanton, CA 94566.
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2ppendix IV: Ion-Exchenge Capacity of Ion Exchange Filters

Filter Size
Effective Filter Area
Effective Wt. of Ion-Exchange Resin
Total Effective Ion-Exchange Capacity per Filtex
Theoretical Quantity of Exchnaged Ions
Feldt
Ba2*
ca2t
Na*

Br
c1

* meq = milliequivalent.

Cation Exchange
47 mm
35 mm
24.2 mg
0.123 meg¥*

2275 ug
8446 ug
2465 ug
2828 ug

2nion Exchange
47 m
35 m
20.11 my
0.064 meg*

5114 ug
2269 ug



128

ApPENDIX V



Al
e
Ca
Na
¥

Ti
Mn

a

Zn
Cr
Ni
V5
Ce
La
Co

As
Em
Th

HE

Br

-~

Iu
Ty
Cs
v

5o
Ta
nu
Th

BElemental Zbundances in Willamette River System

Sampling Site: Eugene
- Sediment
( wg/g )
8.68 + 0.03%
5.77 + 0.04%
3.97 + 0.97%
2,21 + 0.01%
0.84 + 0.05%
0.75 + 0.01%
954 + 2
390 + 39
133 + 3
91 + 3
40 + 24
33 + 1)
31 +1
15+ 1
23 + 0.3
20 + 0.1
6.2 + 0.3
4.00 + 0.01
2.2 + 0.1
3.4 + 0.2
2.4 + 0.1
2.0+ 0.1
.1+ 0.1
1.5 + 0.1
1.3+ 0.1
0.8 + 0.1
0.9 + 0.1
0.6 + 0.1
0.3 + 0.1
0.6 = 0.1

River Mile:

Suspended
Particulates
( wg/g )

2.46

2340
1380

400

1608

10
49

1l
8.8

2.06

+

I+i+

i+

ks

1+

0.02%

175

Dissolved

Cations
5( ng/ml ;

18 + 7

121
42

I+i+
o

1.0

i+
o
w

[+1+

0.00C05
0.0002

[+{+

(o]
Q
N
$a

.

+ 0.001

0.0003 + 0.0001

0.020 + 0.012

Dissolved Total Dissolved
Inions ions
( ng/ml ) { ng/ml )
29 + 4 47 + 8
- 121 + 1
-— 42 + 2
1.0 + 0.3
3+
0.96 + 0.06 13 + 0.1
0.086 + 0.008  0.088 + 0.008
0.003¢ i_0.0003 0.0084 + 0.0004
0.021 + 0.003
3.20 + 0,01 3.20 + 0.01
0.0003 + 0.0001
0.620 + 0.01

62T



Table a2 Elemantal Abundances in Willamette River System

Sampling Site: Harrisburg 1 - River Mile: 164
i Suspended Dissoclved Dissolved Total Dissolved
Element Sediment Particulates Cations Anions ions
{ng/q9) - {ng/9) (ng/ml) {ng/ml) (ng/ml)
Al 8.96 + 0.04% .
Fe 7.15 + 0.01% 2.21 + 0.01% 20 + 5 7+ 27 + 5
Ca 3.22 + 0.16%
Na 1.68 + 0.01% 2150 + 37 160 + 1 160 + 1
K 0.73 + 0.0l% 1321 + 111 27 %+ 2 27 + 2
Ti . 1.01 + 0.01%
Mn 1225 + 3 423 + 17 1.0 + 0.3 1.0 + 0.3
Ba 484 + 13
Y 178 + 3
2n 2231 + 1550 15 + 2 15 + 2
Cr 133 + 1 36 + 10 17.0 + 0.1 0.60 + 0,03  17.6 + 0.1
Ni 53 + 23 <30
Rb 32 + 2
Ce 37 + 0.2
La 20 + 1
co 31 + 0.1 11 + 2 0.45 + 0.002 0.052 + 0.006 0.502'+ 0.006
Sc © 24 + 0.1 7.8 + 0.3 0.0022 + 0.0001 0.0056 + 0.00010.0078 + 0.0001
As 5.6 + 0.2 '
sm 4.9 + 0.0 2.69 + 0.05 0.028 + 0.001 0.028 + 0.001
Th 3.41 + 0.01
HE 4.53 + 0.0}
Yb 2.9 + 0.1
Br 8.4 + 0.2 44.4 + 3.8 +4.30 + 0.04 4.30 + 0.04
Eu 1.3+ 0.1 0.28 + 0.01 0.0003 + 0.0001 0.0003 + 0.0001
Dy 1.5 # 0.1
Cs 2.1+ 0.1 2.8 + 0.2 0.037 + 0.014 0.037 + 0.014
U 12 +90.1
sb 0.74 + 0.03
Ta 0.67 + 0.05 Y
u 0.35 + C.01 ©
Th 0.57 + 0.12



rable A3 Elemental Abuncdances in Willamette River System

Elemant

Al
Te
Ca
Na
X

Ti
Mn
Ba
v

Zn
Cr
Ni
Rb
Ce
La
Co
Sc
AS
Sm
Th
HE
Yb
Br
Eu
Dy
Cs
6]

Sh
Ta
u
Th

Sampling Site:

Sediment
( wg/g)
8.25 + 0.04%
6.22 + 0.01%
3.57 + 0.14%
2.18 + 0.01%
0.89 + 0.04%
0.74 + 0.05%
944 * 2
483 + 9
157 + 2
112.0 + 0.5
52 + 15
33+ 1
30.0 + 0.1
16.4 + 0.9
26.9 + 0.1
22.0 + 0.1
6.5 + 0.2
3.99 + 0.01
2.80 + 0.03
4.16 + 0.06
2.58 + 0.01
1.84 + 0.14
© 1.15 + 0.06
1.20 + 0.05
1.83 + 0.10
1.04 + 0.09
0.73 + 0.01
0.53 + 0.01
0.29 + 0.01
0.51 + 0.1%

Harrisburg 2

River Mile: 160

Suspended

Particulates

( wg/g )

2.55

5814
3518

682

1356

243
255

38
13

2.85

18
0.054

+ 0.54

+ 185
T 296

|+

[+i+l+

85

I
o
~

Dissolved
Cations
( ng/ml )

65 8

|+

134.0
36

0.3
2

i++

1.2 0.3

|+

13
35

I++

0.01

0.27
0.025

I++

0.021

1+
<
N
o
(o]
W

0.0014 + 0.0003

0.059 + 0.012

Dissolved
Anions

( ng/ml )

4 + 1

0.36

0.052
0.007

4 .10

0.03

0.006
0.001

0.04

Total Dissolved
ions
( ng/ml )

69 + 8

|+

134.0

at
36 +

0.3
2

13
35.36

[+1+
o N
o
w

0.01
0.001

j+1+

o]
.

O
N
[
+

+ 0.005

0.04

o
—
(@]
|+

0.059 + 0.012

1€t



Table A4 Elemental 2Abundances in Willamette River System

[4A%¢

Sampling Site: Peoria 1 River Mile: 144.
Suspended Dissolved Dissclved Total Dissolved
Element Sediment Particulates Cations anions ions

( wg/q9 i : ( ug/9 ) ( ng/ml } ( ng/ml ) ( ng/ml )
Al 9.51 l 0.05%
TFe 5.28 + 0.02% 3.19 + 0.16% 15+ 5 7+ 2 22 + 5
ca 2.68 + 0.15% 2200 + 12
Na 1.71 + 0.01% 2219 + 12 210.0 + 0.3 210.0 + 0.5
K 0.91 + 0.09% 2456 + 84 30 + 2 30 + 2
Ti 0.74 + 0.04% )
Mn 758 + 1 589 + 73
Ba 540 + 15
v 136 + 4
Zr. - 1852 + 661 12 + 2 12 + 2
Cr 93.6 + 1.9 27 + 6 16.00 + 0.08 0.20 * 0.03 16.20 + 0.08
Ni 57 + 2 <55
b 32 +1
Ce 34.8 + 0.3
La 19.7 i’_ 0.1
Co 23.6 + 0.1 14 + 1 0.038 + 0.02 0.018 + 0.005 0.056 + 0.02
Sc 19.4 + 0.1 12.0 + 0.2 0.004 + 0.0001 0.00046 + 0.00012 0.004 * 0.0001
AS 4.7 j’_ 093 .
Sn 4.86 + 0.01 2.70 + 0.04 0.024 + 0.001 . 0.024 + 0.001
Th 3.03 + 0.08
HE : 4.19 + 0.07
¥b 2.60 + 0.04
Br 3.56 + 0.20 26 + 2 2.08 + 0.14 2.08 -1_-:*0.14 2.08 b 0.14
Eu 1.21 + 0.04 0.06 + 0.02
Dy 1.34 + 0.03 ) .
Cs 1.75 + 0.07 0.053 + 0.012 , 0.053 + 0.012
U 1.06 i 0.06
Sb 0.67 + 0.02
Ta 0.53 + 0.02
T 0.35 i 0.0%
Th 0.78 + 0.12



Table A5 Elemental Abundances in Willamette River System

Element

Al
e
Ca
Na
X

Ti
- Mn
Ba
A"

Zn
Cr
Mi
Rb
Ce
La.
Co
Sc
As
Sm
Th
HE
Yb
Br
Eu
by
Cs
U

Sb
Ta
Iu

m
h

140.9

ing Site: i River Mile:
Sempling Site Peorla.éusoended Dissolved Dissolvad Total Dissolved
Sediment Particulates - Cations --Anions ions
( wa/s ) ( ng/g J ( ng/ml ) ( ng/ml ) ( ng/ml)
9.22 + 0.05%
5.34 + 0.01% 3.76 + 0.12% 22 +5 7+1 29 + 5
3.41 ¥ 0.17%
2.18 ¥ 0.01% 7143 + 30 90.0 + 0.3 | 90.0 + 0.3
0.94 + 0.10% 3950 + 115 18+ 2 18 + 2
0.71 + 0.04% '
891 + 2 546 + 69 0.42 + 0.03 0.42 + 0.03
508 + 15
153 + 3~
T 689 + 89 16 + 2 16 + 2
100.8 + 2.1 77 + & 32.0 + 0.1 0.17 + 0.033 32.2 + 0.1
58 + 30 <55 |
35+1
30.5 + 0.2
17.8 + 0.1 .
23.0 + 0.1 17.8 + 0.7 0.0036 + 0.0016 0.031 + 0.005 0.035 + 0.005
19.2 + 0.1 13.9 + 0.2 0.0041 + 0.0002 0.00046+ 0.00001 0.00456 + 0.0002
5.5 + 0.2 - -
4.2 + 0.01
2.76 + 0.09
4.23 +.0.07
2.39 + 0.03
2.15 + 0.12 26 + 2 4.6 + 0.03 4.6 + 0.03
1.22 + 0.03 0.58 + 0.01
1.26 + 0.04
1.76 + 0.07
1.04 + 0,01
0.73 + 0.02
0.53 + 0.02
0.31 + 0.11
0.70 + 0.11

£€T



Table A6 Elemental Abundances in Willamette River System

Element
Al
e
Ca
Na
K
Ti
Mn
Ba
v
Zn
Cr
Ni
Rb
Ce
La
Cc
sc
As
Sm
Th
Hf
Yb
Br
Eu
Dy
Cs
U
Sb
Ta
Lu
Tb

Sampling Site: Fiescher Island

Susp.Particulates
Sediment Surface O.6xdepth
£ wa/qg ) ( wa/9)
8.82+0.03%
5.81+0.01% 5.09+0.50
2.66++.12%
1.82+0.02% 8025+10 1869+30
0.74+0.01% 5446+1900 4667+1070
0.75+0.04%
948+2 1848+7 1199+2
468+6
187+6 :
1945+452 598+202
127.2+0.4 150+33
59+29
33+1
33.3+0.2
20.0+0.1 20.4+3.9 7.2+1.6
26.7+0.1 15.6+4.4 14.7+2.8
20.8+0.1 17.4+0.7 6.7+0.4
5.3+0.1 9.6+3.7 18.4+1.7
4.66 +0.01 4.73+0.30 2.69+0.76
2.99+0.02
4.26+0.05 6.29+4.22 3.44+1.96
2.78+0.03
7.62+0.21 180.949.1 39.0+3.7
1.24+0.03 1.10+0.10 0.44+0.05
1.46+0.04
1.80+0.08
1.54+0.13
0.62+0.01
0.62+0.01
0.25++.0.02
0.65+0.10

River Mile: 134
Dissolved Cations

Surface 0.6xdepth
( ng/ml )

38+8 13+6
160+1 156+1
35+7 46+8
1.740.1  1.2+0.1
46+5

29+1 26+1
36+ 7% 11+4*
15+1* 3.4+0.7%*
30+4* 30+4*
4.741.5

* concentration are in parts per trillion.

Dissolved 2nions

Surface O0.6éxdepth
( ng/ml )
21+5 20+6

1.50+0.1 0.53+0.04

1244 %
9.4+2.0%

29+1 %

7.740.1

14+7

3.6+0.3%

7.740.1

Total Dissolved
Surface 0.6xdepth
( ng/ml )

59+10 33+6
160+1 156+1
3547 46+6
1.740.1  1.2+0.1
46+5

30.5+1.0 26.5+1.0

48+8*  14.6+4:0"
24.4%2.2*% 3.4%¥0.%

59+4* 30+4*
7.7+0.1  7.7+0.1
18.7+7
[
W
>



Table 27 Elemental Abundances in Willamette River System

Element

Al
Fe
Ca
Na
K

Ti
Mn
Ba
\Y

an
Cr
Ni
Rb
Ce
La
Co
Sc
As
Sm
Th
Hf
Yb
Br
Eu
Dy
Cs
U

Sb
Ta
Lu
Tb

Sempling Site:

Sediment Surface

£ vwg/g )
8.51+0.04%
5.21%+0.02%
3.49+0.83%
2.02+0.03%
0.92+0.04%
0.65+0.02%

812+2

544+33
142%3

85.2+1.4
56+10
42+6
29.1+0.4
16.9+0.1
22.8+0.1
18.3+0.1
5.0+0.3
3.99+0.01
3.06+0.07
3.33+0.11
2.42+0.10
1.88+0.34
1.05+0.07
1.17 +0.06
1.49+0.12
1.15+0.10
0.67+0.11
0.67+0.04
0.32+0.01
0.43+0.14

Albany 1 River Mile: 126.2
Susp.Particulates Dissolved Cations
0.6xdepth surface 0.6xdepth
( wg/9) ( ng/ml )
3990+20 5520+30 11041  103+0.2
3960+294 1722+134 40+6 38+3
1660+29 552430  0.37+0.09 0.70+0.02
1416+283 €44+107  10.4+0.3
86.7+28.3 72.5+11.7
7.33+1.68
20.2 +2.8 8.5+0.2 3+2% 1.40.1*
9.4+0.3 7.4+0.3 0.44+0.01* 1.99+0.5*%
9.3¥2.1  4.4#1.5
1.69+0.92 1.14+0.11
1.96+0.67
14.5+4.6  47.9+3.0
0.39+0.12 0.39+0.02 0.44+0.01
2.27+1.12
2.3741.7 1.30+0.6

Dissolved Anions Total Dissolved

surface 0.6xdepth Surface 0.6xderth
( ng/ml ) ( ng/md )
11041  103+0.2
40+6 38+3
0.37+0.09 0.7+6.01
10.4+0.3
1.39+0.13 0.32+0.06 1.39+0.13 0.32+0.06
28 +7.0* 3+1* 3147+ 4+1*
2.440.3* 7.0+0.7 2.8+0.3* 9.0+0.7*

3.40+0.04 4.00+0.05 3.40+0.04 4.0+0.05
0.44+0.01

0.11+0.01 9.5+5%  0.11+0.01 9.5+5*

SeT



Table A8

Element

Al
Fe
Ca
Na
K
Ti
Mn
Ba
\Y
Zn
Cr
Ni
Rb
Ce
La
Co
. Sc
As
Sm
Th
HE
Yb
Br
Eu
Dy
Cs
U
Sb
Ta
Lu
Tb

Elemental Abundances in Willamette River System

Sampling Site:

Sediment
( wg/g )
9.13+0.03%
6.64+0.03%
3.43+0.80%
2.02+0.01%
0.90+0.17%
0.74+0.09
1040+3
483+'8
198+4

96+1.6
59+31
427 7
30.5+0.5
17.0+0.1
28.8+0.2
21.7+0.1
5.0+0.3
4.14+0.01
2.99+0.08
3.50+0.13
2.71%0.11
2.33+0.49
1.24+0.03
1.31%0.06
1.53+0.15
1.09+0.12
0.71%0.04
0.90+0.05
0.33+0.01
0.60+0.16

125.2
Dissolved Aniocns

River Mile:
Dissolved Cations

Albany 2

Susp.Particulates Total Dissoclved

Surface O0.6xdepth Surface O0.6xdepth Surface 0.6xdepth Surface O0.6xdepth ‘
( we/9 ) { ng/ml ) ( ng/ml ) ( ng/ml )
0.82+0.11 0.96+0.10
1249+18  1108+10 125+0.4  22+0.1 125+0.4 32.040.1
1080+432 1228¥22  33%6 14%4 313%6 1474
12943 165+ 1 1.840.1 2.3+0.1 1.25#0.02 0.42#0.01 3.05+0.10 2.72#0.10
23.9iﬂ.5 0.52+0.05 0.013+0.002 0.52+0.05 0.013+0.002
2.5240.9 4.56+1.61
2.55%1.47 4.67¢1.02 3+2*%  1l+8* 13+5% 31+8* 16+5* 42+8%
2.4¥0.1 2.2%0.1 1.5¥0.5% 1.8+1.0%  23+l* 8rl*  24.5+1%  9.8+1.0%
3.2+0.9 10.4+0.8 135+10%  174%¥20% 135%10%  174%20*
0.75 +0.05 0.73+0.02 -

12.8+1.6
0.14%0.02

12.4+1.4
0.18+0.03 2.2+0.3*1.1+0.3*

3.00+0.04 4.80+0.04 3.00+0.04 4.00+0.05
2.2 * 0.3*% 1.1+0.3*

1.90+0.62 0.007+0.001 0.007+0.001

* Concentrations in parts per trillion.
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Table A9 Blemental Abundances in Willamette River Systen
Sampling Site: Albany 3 River Mile: 122.70
Susp.Particulates Dissolved Caticens Dissolved Anions Total Dissolved
Sediment Surface 0.6xdepth Surface 0.6xdepth Surface 0.6xdepth Surface O.6:-:depth'
Element ( vg/9) ( vwg/g ) ( ng/ml ) ( ng/ml ( ng/ml )

Al 9.08+0.04%

Fe 5.82+0.03% 5.69+0.38 10.46+0.48 40+7 16+5 40+6 1645 80+9
ca 2.53+0.88%

Na 1.67+0.03% 3545+7 8340+83 40+1 123+1 40+1 123+1

X 0.68+0.05% 2330+312 4465+175 25+7 15+6 25+7 15+6
Ti 0.74+0.02%

Mn 739+5 1166+23  3070+37 13.4+0.1 15.0%0.2 6.1+0.1 11.3+0.0L 19.5+0.2 26.3%0.2
Ba 439+41

\% 180+3

Zn B 3750+350 37104358  6+2 1945 6+2 19+5

Cr 116.7+1.8 124.1+39.7 239.0+44.6 10+0.3 0.08+0.01 1.06+0.08 0.08+0.01 11. #C.3
Ni 61+26

Rb 39+12

Ce 38.4+0.6

La 20.7+0.1 7.9+2.8 2222+4.2

Co 26.1+0.2 13.4+2.9 36. 5+4 7 14.0+1.0* 156+10* 109+10* 75+9% 123+10* 231+11*
. Sc 21.5+0.1 7.8+0.4 14. 3+0 5 1. 7+O 5% 2. 3+O 4+ 3.4+0.4*% 4.0r0.5* 5.1+0.6* 6.3+0.6*

s 5.7+0.3 20.2+5.8 32. 113 7 6.4+17* 98 +15*% 64 *+17* 98+1 *

sSm 5.06+0.01 3.2+0.2 4.440.2 0.026+0.002 00028_-!-_0.003 0.026+0.022 0.028+0.003
Th 3.22+0.09

HE 3.32+0.12

b 2.79+0.12

Br 1.29+40.50  104+27 130+69 16.0+0.1 10.0+0.1 16.0+0.1 10. 0+0.1
Eu 1.36+0.03 0.45+0.05 1.19+0.15 1.0+0.1* 0.5+0.3* 1. o+o 1* 0, 5*0 3%
Dy 1.56+0.06

Cs 1.74+0.14

U 1.26€6+0.12

Sb 0.66+0.11

Ta 0.63+0.05

Lu 0.37+0.01

Tb 0.80+0:52

* Concentrations in parts per trillion.



Table AlO

Element
Al
Fe
Ca
Na
K
Ti
Mn
Ba
\%
Zn
Cr
Ni
b
Ce
La
Cco

. Sc¢
As
Sm
Th
HE
Yb
Br
Eu
Dy
Cs
U
Sb
Ta
Lu
Tb

Elemental Abundances in Willamette River System
Sampling Site: Albany 4 River Mile: 119.45
Susp.Particulates Dissolved Cations Dissolved Anions Total Dissolved
Sediment Surface O0.6xdepth Surface 0.6xdepth Surface 0.6xdepth Surface 0.6xdepth
( vg/g ) ( wa/g ) ( ng/ml ) ( ng/ml v ( ng/ml )
8.83+0.01% 0.82+0.11
5.74+0.01% 0.82+0.11 0.96+0.11 16+6 15+8 1349 17+5 29+12 32+9
2.85+0.10% -
2.25+0.03% 1151+8 1108+10 122+1 138+1 122+1 138+1
1.21%¥0.07% 1080+432 1228+22 3946 48+6 39+6 48+6
1.12%0.06% 1228+22 -
948+2 141412 16548  3.2+0.1 32.8+0.1 0.03 +6.01  3.2+0.1 32.8+0.1
562+12 - - -
119+3
- 503+137 502+135  21+4 123+22 21+4  123+22
83.3+0.6 - T 18.0%0.1 48.0+2.0 0.64+0.1 7.4+0.3 18.6+0.1 55.4+2.0
56+22 ,
49+2
36.7+0.2
21.3+0.1  2.540.9  4.6+1.6 48+8*  9.0+1.0~ 48.0+8.0* 9.0+1.0%
21.8+0.1  4.7+1.0 5548*%  44+6* 64+8*  22+5% 119+8*  66+8*
18.4¥0.1  2.4+0.1  2.2+40.1 4.0+0.9* 4.7+1.0% ‘43+1* 4.6+0.8% 47+1%  9.3+1%*
6.6 +0.5 3.240.9  10.4+0.8 0.23+0.01 .31+0.01 0.23+0.01 0.31+0.01
4.76+0.01 0.75+0.28 0.73+0.02 32+6%  32+7* 32+6% 31+7*
3.98+0.03
5.80+0.10
2.96+0.04
1.49+0.18 12.8+1.6 12.4+1.4 4.40+0.01 5.40+0.01 4.40+0.01 5.40+0.01
1.33+0.03 0.14+0.03 0. l8+0 03 3.5+0. 3* 3.50+0.3%*
1.62+0.06
1.81+0.08
1.87+0.08
0.61+0.02
0.61+0.05
0.40+0.01
0.48+0.01

* Concentration in parts per trillion (ppt)
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Table a1l

Element
Al
Fe
Ca
Na
K
Ti
Mn
Ba
v
Zn
Cx
Ni
Rb
Ce
La
Co

. 5S¢
As
Sm
Th
HE
Yb
Br

“@Yg

Sb
Ta
Lu
Tb

Elemental Abundances in Willamette River System

Sampling Site: Western Kraft River Mile: 118.20
Susp.Particulates Dissolved Cations Dissolved Anions Total Dissolved
Sediment Surface 0.6xdepth Surface 0.6xdepth Surface 0.6xdepth Surface O0.6xdepth ‘
( ug/g ) ( vg/g ) ( ng/ml ) ( ng/ml ) ( ng/ml )
8.64+0.04%
5.44+0.01% 6.26+0.41 3548 25+5 70+9 31+4
2.85+0.08% -
2.17+0.08% 7732+72 300.040.2 296+0.2 300+0.2 296+0.2
0.91+0.12% 6412+1770 11049 "15+2 110+9 15+1.5
0.78+0.02% - - - - -
817+2 2099+9 2.96+0.10 2.73+0.02 1.02+0.01 1.05+0.01 3.98+0.10 3.78+0.02
522+4
166+4 .
662+202 3246 1341 32 +6 13+ 1
94.7+0.6  143.2+28.2 12.4+2.3 - 0.54+0.16 0.18+0.01 12.9%¥2.3 0.08%0.01
60+20
40+1
32.5+0.5
18.9+0.1  28.0+3.5
24.3+0.3  24.1+4.4 1.6+0.4 1.7+0.4 387 3.3+0.6 39.6+7 5.0+0.7
18.8+0.1 11.0%0.7* 1.8%0.6* 15.0+1.5% 10.0+1.0% 26.0+1.7* 11.8+1.2*
4.9+0.4  17.1+3.2 0.44+0.02 0.27+0.01 0.44+0.02 0.27+0.01
4.25+0.01 6.26+0.2 0.05+0.01 0.02+0.01 0.05+0.01 0.02+0.01
3.24+0.08
4.89+0.07
2.48+0.03
3.85+0.22 124.6+7.4 + 10.0+0.1 4.6+0.1 10.0+0.] 4.6+0.1
1.17+0.06 1.49+0.01 0.0014+0.0003 0.00G4ip.OOO3
1.37+0.01
1.74%0.10
1.43+0.06
0.54+0.01  5.8+2.8
0.60+0.05
0.384+0.01
0.58+0.01

* Concentrations in ppt (parts per trillion)
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Table Al2 Elemental Abundances in Willamette River System
Samecling Site: Alkany 5 River Mile: 118.4
Susp.Particulates Dissoclved Cations Dissolved Anions Total Dissolved
Sediment Surface O0.6xdepth Surface 0.6x8epth Surface 0.6xdepth Surface 0,6xdepth
Element ( vg/g9 ) ( vg/9 ] ( ng/ml ) ( ng/ml ) ( ng/ml )
Al 9.44+0.03% : .
Fe 5.75+0.01% 4.61+0.23% 20+1 10+1 .30+10 1046 50+10  20+7
ca 2.84+0.64% 5009+66 ’
Na 2.17+0.01% 6155+318 130.0+0.4 188.0+1.1 130.0+0.4 186.0+1.1
K 0.87+0.34% 57+6 7148 57+6  71+8
Ti 0.92+0.03%
Mn 764+5 1455+26 5.70+0.08 7.80+0.08 6.80+0.01 12.50+0.08 7.80+0.08
Ba 512+45
v 18543
Zn 2078+328 420+6 3546 420+6 35+6
Cr 82.9+1.2 110.8+24.1 100%12 113%12  0.18+0.01 1.1110.08 100.2+12 114.1%12
Ni 59 +18
o) 39 +7
Ce 34.9+0.5
La 19.4+0.1 19.8+2.9
Co 20.3+0.2  17.5+2.3 79+10% 84+10%  1741* 4 #1 96+10%  88+10*
.sc 19.6+#0.1  14.0+0.3 3.1%¥1.0% 5.6¥3.0% G6.8+0.6* 4.9+1.1*  9.9+l.2* 10.5%3.2*
As 5.6+0.3  8.9+2.4 0.11%¥0.01 0.07+0.03 0.07+0.01 0.07+0.03
sm 4.76+0.01 4.48+0.88 27+5* 27+4* . 27 +4* 27+5%
Th 3.26+0.08
HE 3.48+0.12
Yb 2.81+0.12
Br 3.49+0.61 143 +53 68+0.1  41*0.2 68+0.1  41+0.2
Eu 1.34+0.03 1.13+0.12 1.00+0.4 1.0040.40
Dy 1.58+0.07
Cs 1.53+0.14
U 1.1140.11
Sb 0.69+0.04 8.03+2.3
Ta 0.63+0.04
Lu 0.37:0.01
To 0.64+0.16

* Concentrations in parts per trillion.
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Table Al3 Elemental Abundances in Willamette Rivex System

Sampling Site: Independence 1 River Mile: 99.0

Suspended Dissolved Dissolved Total Dissolved
Element Sediment Particulates Cations Arnions ions

( vg/g ) ( va/g 3 ( ng/ml ) ( ng/ml ) ( ng/ml )
al 9.28°+ 0.05%
Te 5.21 + 0.02% 1.89 + 0.03% 8.74 + 1.00 8.74 + 1.00
ca 3.12 + 0.10%
Na 2.03 + 0.01% 733 + 5 171 + 1 171 + 1
K 1.21 + 0.11% 605 + 75 36 + 6 36 + 6
Ti ~ 0.66 + 0.04%
Mn 695 + 2 238 + 2 1.46+0.03 0.033 + 0.0003 1.49 + 0.03
Ba 557 + 16
v 123 + 3
Zn 53.5 + 7.8 53.5 + 7.8
Cr 63.3 + 1.6 6.47 + 0.48 66.10 + 5.10 66.10 + 5.10
Ni 35 +10
Rb 34 +1
Ce 33.1 + 0.3
La 19.2 + 0.1 2.28 + 0.20 0.016 + 0.001 0.016 + 0.001
o 20.3 + 0.1 3.06 + 0.16 0.48 + 0.03 0.48 + 0.03
sc 18.6 + 0.1 l1.62 + 0.21 0.0034 + 0.0019 0.0034 + 0.0019
As 5.9 + 0.2 1.06 + 0.2 0.082 + 0.006 0.082 + 0.006
sm 4.55 + 0.01 0.44 + 0.01 0.026 + 0.001 0.026 + 0.001
Th 3.78 + 0.09
uf 4.49 + 0.07
Yb 2.59 + 0.04
Br 2.15 + 0.16 3.28 + 0.20 4.1 + 0.2 4.1 + 0.2
Eu 1.13 + 0.05 0.13 + 0.03

1.33 + 0.04
gﬁ 1.97 + 0.06
U 1.30 + 0.03
Sb 0.7) + 0.C3 0.19 + 0.13 0.009 + 0.003 0.009 + 0.003

0.59 + 0.02
i 0.36 ¥ 0.01
o 0.73 + 0.06

L)
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Table 2l4 Elementzl dbundances in Willamette River System

Sampling Site: Independence 2  River Mile: 97.50

Suspended Dissolved Dissolved Total Dissolved
Element Sediment Particulates . Cations - Anions ions
( vg/g9 ) ( wg/g ) ( ng/ml ) ' ( ng/ml ) ( ng/ml)
Al 8.71 + 0.11
Fe 6,23 + 0.06 2.87 + 0.01 6.74 + 1.59 6.74 + 1.59
Cca 3.02 + 0.16
Na 1.65 + 0.01 0.65 + 0.03 127 + 11 127++ 11
K 0.77 + 0.29 0.36 + 0.01 40 + 5 40 + 5
Ti 0.76 + 0.05 -
rn 877 + 2 1514 + 9 9.8 + 0.4 0.033 + 0.0003 9.8 + 0.0
Ba 544 + 11 - -
2n
Y . 112 + 1 66 +
i 35 T 11 6.50 + 2.00 6+5 66 + 5
Rb 41 ¥ 2
Ce 45.8 + 0.2
La 24.9 & 1.3 13.34 + 0,50 0.014 + 0.001 . 0.014 + 0.001
Co 28.2 * 0.1 13.21 + 1.01 - 0.012 + 0.002 0.012 + 0.002
Sc 22.4 + 0.1 16.70 + 4.00 0.0044 + 0.0002 0.0044 + 0.0002
As 6.3 + 0.2 6.97 + 1.00 C.098 + 0.007 0.098 + 0.007
Sm 5.64 + 0.01 3.24 + 0.05 0.032 + 0.005 - 0.032 + 0.005
Th "4.29 + 0.04 B
£ 5.49 ¥ 0.08
Yb 3.29 + 0.06
Br 7.09 + 0.18 18.94 + 0.78 4.9 + 0.04 4.9 + 0.04
E 1.29 + 0.05 0.77 + 0.10 0.0005 + 0.0004 - 0.0009 + 0.0004
Dy 1.64 + 0.0€ 3.35 + 0.56
Cs 4.14 + 0.15
U 2.60 + 0.11.
Sh 0.82 + 0.02
ma 0.71 + 0.03
Iu 0.42 + 0.01
T 0.66 +. 0.07



Table Al5a Elemental Abundances in Willamette River System

Element

Al
Fe
Ca
Na
K

Ti
Mn
Ba
\%

Zn
Cr
Ni
R
Ce
La
Co
Sc
As
sm
Th
HE
Yb
Br
Eu

Sampling Site:

Sediment
( wa/g )

9.28'+ 0.05%
5.21 + 0.02%
0.10%
0.01%
0.11%
.04%

3.12
2.03
l1.21
0.66
695
557
123

[+ {+ |+ [+ [+ H 1+

0
2
16
3

68.3
35
34

32.1

19.2

20.3

18.6

5.9

4.55

3.78

4.49

2.59

2.15

1.13

1.33

1.97
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0.13

99.0
issolved

Cations
( ng/ml )

171 + 1
36 + 6

I+{+

1.46+0.03

66.10 + 5.10

0.016 + 0.001

0.026 + 0.001

Dissolved Total Dissolved
Anions ions
( ng/ml ) { ng/ml )
8.74 + 1.00 8.74 + 1.00
171 + 1
36 + 6

0.033 + 0.0003  1.49

53.5
66.10

0.016

0.48 + 0.03 0.48
0.0034 * 0.0019 0.0034
0.082 * 0.006 0.082
0.026

4.1 + 0.2 4.1
0.002 + 0,003  0.009

0.001
0.03
0.0019
0.006
0.001

ENLIESEAE:

+ 0.003
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Table

Element
Al
Fe
Ca
Na
K
Ti
Mn
Ba
\Y
Zn
Cr
Ni
Rb
Ce
La
Co
- 8¢
As
Sm
Th
HEf
Yb
Br
Eu

Dy
Cs
u

Sb
Ta

Lu
b

* Concentrations in paris per trillien.

AlS

Sampling Site: Salem 1

Susp.Particulates Dissolved Cations Dissolved Anions Total Dissolved
Sediment Surface O0.6xdepth Surxface 0.6xdepth Surface O0.6xdepth Surface O0.6xdepth
( wg/g ) ( va/g ) ( ng/ml ) ( ng/ml ) ( ng/ml )
9.39+0.1.1%
5.90+0.01% 0.56+0.12% 5.54+0.76 15.8+1.3 5.54+0.76 15.8+1.3
2.79+0.24% - -
1.86+0.01% 1040+6  560+4 223+1 115+1 223+1 115+1
0.77+0.05% 742+85  429+67 55+7 32+5 55+7 32+5
0.84+0.05% - -
1045+2 22742 163#2 1.10+0.03 0.46+0.01 0.35+0.01 1.10+0.03 0.81+0.01
401+8 - N
163+4
61+6 45+6 0.5940.12 1.48+0.15 0.59+0.12 1.48+0.15
82.0+0.7 10.9+0.55 12.8+4.2 0.08+0.02 '62+2%  276+60%  G2+#2*  356+63%
42 +13 4.53+1.48 - -
35+2
29.7+0.8  4.48+0.37 4.53+1.48
20.8+0.8  2.20+0.20 1.86+0.08
26.6+0.3  2.22+0.10 1.56+0.13 " 54+3% 53+3% 54+3% 53+3%
20.1+0.1  1.89+0.02 1.17+0.02 4.130.2* 4.8 +0.2* -4.140.2*% 4.8+0.2*
6.3+0.2  1.24%+0.02 0.67+0.14 128+20% 153%¥4*  128+20  153+4%
4.55+0.06 0.45+0.02 0.34+0.01  28+l* 21+1* - - 28+1* 21+1%
3.48+0.04 0.46+0.06 0.29+0.05 - -
4.93+0.10 0.87+0.27 0.30+0.10
2.59+40.03 0.42+0.09 0.23+0.08
6.52+0.14 2.97+0.24 5.37+0.22 4.15+0.05 4.25+0.05 4:15+0.05 4.25+0.05
1.30+0.06 0.12+0.03
1.43+0.05
1.74+0.12
1.68+0.04
0.65+0.02 0.26+0.16 0.26+0.13 4.6+0.1* 6.4+1.1% 4.6+0.1* 6.4+1.1*
0.65+0.08
0.34+0.06
0.73+0.02

Elemental Abundances in Willamette River Systenm

River Mile: 85.9
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Table Al6 Elemental Abundances i

Element

Alz
T'e
Ca

Sm
Th
HE
Yb
Br
Eu

Cs

Sb
Ta
Lu
Th

Sampling Site: Salem 2

Sediment
( wg/9 )

9.01
5.80
2.86
1.94
0.86

0.69

666
390
160

83.8
42
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Willamette Rivexr System

River Mile:

Suspended
Particulates
( wg/g )
3.67 + 0.01%
4500 + 30
2974 + 36
704 + 6
631 + 41
115.7 + 25.7
16.1 + 4.1
11.3 + 0.9
12.9 + 0.7
8.61 + 0.2
12.3 + 4.1
3.59 + 0.52
1.80 + 0.50
3.86 + 0.60
80 + 19
0.99 + 0.17
3.08 + 0.61
2.50 + 0.80.

84.9
Dissolved
Cations
( ng/ml }

25
1

I+|+
[\

[
|+
(@]
o
=

0.018 + 0.005

0.027 + 0.001

Dissclved
Anions

( ng/ml )

48 + 3

Total Dissolved
ions
( ng/ml )

48 + 3

70

0.083
0.72
0.070

48.56

0.044

|+ |+ ]+

0.005
0.004
0.005

0.004

25
19

71

0.018
0.083

0.72
0.070 -

0.027

48.56

0.044

i+1+

1
2

+ 0.05

|+14
o
|.-l
-3

I+i+]+]+

+ 2.73

+ 0.004

SvT



Table Al7 Eiemental Abundances in Willamette River System

Sampling Site: Salem 3 River Mile: 84.9
Suspended Dissolved Dissolved - Total Dissolved
Zlement Sediment Particulates Cations Anions ions
( wy/g ) ( wg/9) ( ng/ml ) ( ng/ml ) ( ng/ml )
Al 10.21 + 0.08%
Fe 5.80 + 0.01% 3.56 + 0.16% 60 + 8 50 + 5 110 +9
Ca 2.00 + 0.19%
Na 1.54 + 0.02% 3341 + 17 442++ 0.2 42 + 0.2
K 0.80 + 0.05% 303¢ + 162 19.5 + 2.3 19.5 + 2.3
Ti  0.89 + 0.01%
Nn 719 + 2 1127 + 7 24.0 + 0.1 0.50 + 0.005 24.5 + 0.1
Ba 391 + 10
A 188 + 1 .
Zn - 573 + 86 10 + 1
Cr 91.0 + 1.0 0.24 + 0.06 0.24 + 0.06
Ni 36 + 1
Rb 46 + 3
Ce 39.8 + 0.9 16.0 + 5.9
La 24.3 + 1.4 14.7 + 1.5 0.025 + 0.003 0.025 + 0.003
o 27.3 + 0.3 - 0.016+ 0.002 0.0040 *+ 0.0007 0.020 + 0.002
Sc 22.9 + 0.1 2.2 + 0.3 0.0009+ 0.0001 0.0076 + 0.0007 0.0085 + 0.0007
As 7.0 + 0.3 8.3 + 1.4
Sm 5.43 + 0.01 2.96 + 0.10 0.026 + 0.001 0.026 + 0.001
Th 4.64 + 0.04 2.39 + 0.90
Hf 6.22 + 0.11 3.14 + 1.27
Yb 3.02 + 0.04
Br 7.05 + 0.25 62 + 3 3.12 + 0.05 3.12 + 0.05
Eu 1.48 + 0.06 0.73 + 0.03
Dy 1.30 + 0.08
Cs 2.19 + 0.06 2.15 + 1.20
y 1.81 + 0.06 -
b 0.94 + 0.02 0.63 + 0.20 0.04 + 0.004 0.04 + 0.004 %
Ta 1.13 + 0.03 ,
Lu 0.37 + 0.06
7h 1.C4 + 0.02



Table 1Al18 Elemental Aburdances in Willamette River System

Element

Sampling Site: Salem 4
Suspended

Sediment Particulates
{ vg/g ) { vg/q )
8.91 + 0.11%
5.68 + 0.01% 5.02 + 0.12%
2.62 + 0.13%
1.76 + 0.02% 813 + 5
0.5C + 0.05% 585 + 72
0.88 + 0.06%
1146 + 2 130 + 1
489 + 17

180 + 5

148 + 4

94 + 1 119 + 4

36 + 12

39 + 2
40.0 + 0.3 1.65 + 0.39
25.8 + 0.1 1.92 + 0.15
24.3 + 0.1 3.54 + 0.20
20.3 + 0.1 1.57 + 0.46
6.8 + 0.4 1.22 + 0.16
5.47 + 0.01 4.20 + 0.10
4.61 + 0.09 0.40 + 0.06
5.64 + 0.11 0.38 + 0.11
2.59 + 0.03
3.58 + 0.26 4.20 + 0.24
1.21 + 0.07 0.10 + 0.03
1.53 + 0.03
2.21 + 0.11
2.22 + 0.11
0.45 + 0.02 0.10 + 0.0
0.80 + 0.03
.43 + 0.01
0.46 + 0.01

River Mile: £€2.0

Dissolved
Cations
( ng/mi )

.

w

w Y
.
(ol o]
*
w 0

&> O

[+ ]+

<
S
[+
o
—

0.88 + 0.12

0.023 + 0.001

Dissolved
Anions
( ng/ml )

19.1 + 1.7

0.035 + 0.001

0.30

o
N
o

I+1+
o
o
o

0.045
0.005
00.11

0.004
0.001
0.02.

I+1+1+

4.48 +0.21

0.012 + 0.003

Total Dissolved

ions
( ng/ml )

19.1 + 1.7

|+

€9.0
8.

[+ 1+

7.4

|+
o
[

=
=
=N

i+
o
[
[09]

0.045
0.005

0.11
0.023

0.004
0.001
0.02

0.001

I+ 1+ ]+ ]+,

4.48 + 0.21

0.012 + 0.003

LYT



mable Al9 Elemental Abundances in Willamette River System

Elenment

Al
TFe
Ca
Na
X

Ti
Mn
Ba
\'%

in

“
o o

Ni
Rb
Ce
La
Co
Sc
As
Sm
Th
HE
Yb
Br
Eu
Dy
Cs
U

Sh
Ta
Lu
Th

Sampling Site: Newburg 1
Suspended

Sediment
( vg/g9 )

8.91
5.68
2.62
1.76
0.90
0.88
1146

489

180

94

+
(@]

[+ |+ H]H i+

R I AR e R AR I R R R R IR R AR AR
CO00O0O00O00 OO0OO0OO0O0OO0OOCOO N

=
=

0.01
0.13
0.02
0.05
0.06

(S I ool S
~

8]

COOOHFOON OFHOOBDKRKHW
FREORHRROSO WP O

Particulates

River Mile: 52.50

( wg/g )

10.54

[\ ¥Y)

o U
RS
i+i+

2500

292

47.9
51.2
38.0
28.0
11.54

170.02
1.96
1.80

I+1+

j+

{+

I+ +]+

i+ +

Dissolved
Cations
( ng/ml )

110 + 0.1

0.76 + 0.03

0.003 + 0.0005

0.001 + 0.0007

Dissolved
. Anions
( ng/ml )

14 + 2

0.15

0.36

0.015
0.0030
0.097

0.015

[+1+1+ |+

I+

.

0.001

0.09

0.003
0.0002
0.007

0.01

0.002

Total Dissolvad
ions
( ng/ml )
14 + 2

110 + 0.1

0.91 * 0.03:

0.36 + 0.09

j+

0.003
0.0002
0.007
0.0005

0.015
0.0030
0.097
0.003

|+ 1+ +]+

7.5 + 0.01
0.001 + 0.0007

0.015 + 0.002

8YT



Table A20 Elemental Abundances in Willamette River System

Element

Al (%)
Fe (%)
Ca (%)
Na (%)
K (%)
Ti (%)
Mn
Ba
A
Zn
Cr
Ni
Rb
Ce
La
Co
Sc
As
Sm
Th
HEf
Yb
Br

Sampling Site: Newburg 2
Suspended
Sediment Particulates
( ug/g ) ( wg/g )
8.94 + 0.10
5.86 + 0.02 4.03 + 0.01
2.85 + 0.24
1.76 + 0.01 0.95 + 0.002
0.96 + 0.01 0.65 + 0.02
0.82 + 0.01
961 + 2 0.24 + 0.001
553 + 9
158 + 6
2 + 1 101 + 6
40 + 19 -
51 + 13
44.0 + 0.3 30.4 + 4.8
22.1 + 0.1 16.8 + 0.7
26.1 + 0.1 21.2 + 2.0
21.3 + 0.6 14.5 + 0.3
6.6 + 0.2 7.9 + 1.1
4.82 + 0.04 4.37++ 0.07
4.38 + 0.03 -
4.88 + 0.11
2.27 + 0.29
3.83 + 0.13 38.55 + 1.27
1.28 + 0.06 1.16 + 0.16
1.98 + 0.08 4.60 + 0.93
2.35 + 0.70 -
2.05 * 0.13
0.63 + 0.02 4.17 + 0.59
0.83 + 0.04 -
0.53 + 0.01
0.81 + 0.06

River Mile: 50.50

Dissolved
Cations
( ng/ml )

13 + 4

165

+ 0.4
125 ¥ 0.1

0
0

1.1 + 0.1

26

|+
o
[

0.024 + 0,004

0.0005 =+ 0.0001

Dissolved
- Anions

( ng/ml )

6 + 2

0.05 + 0.001

0.39 + 0.01

. 004
.0002
. 006

0.122
0.005
0.10

I+Hi+]+
oo o

4.86 + 0.05

0.032 + 0.002

Total Dissolved
ions
( ng/ml)

19 4

I+

165
125

I+1+

[
[
|+
o
.
=

26.4

|+

0.1

0.122
0.005

0.10
0.024

0.004
0.0002
0.006
0.004

I+ [+ +]+

4.86
0.0005

0.05
0.0001

0.032 + 0.002

6v1



Table 221 Elemental Abundances in Willamette River System

Element

Al
Fe
Ca
Na
K

Ti
Mn
Ba
v

Zn
Cr
Ni
Rb
Ce
La
Co
Sc
As
Sm
Th
HE
Yb
Br
Eu
Dy
Cs
U

Sb

Sampling Site: Newburg 3

Sediment

{ ug/9 )
9.28 + 0.12

5.83
3.25
2.08
0.98
0.86
812
559
16l

94
38
46
43.7
23.6
26.1
21.3
6.6

4.68
4.40

4.50
2.06
2.21
1.52
2.14
2.41
1.54
0.56
0.80
0.47
0.72

(41 F I L R

[+ [+ [+ [+ ]F] ]+ ]+

.01
0.27

® . ) . ° . w =

L)

e o e e .
OCOO0OO0OO0OFHFOOOHNMHF OONHHKHEN
H~~WHFRO_BONMOKHF WH

el eNeNoNeNeNeNeoNeNeNolloNeoNoNolNeNo oM o

of df P oP o

River Mile: 48.00

Suspended Dissolved Cations
Particulates Surface 0.6xdepth
( wg/9 ) { ng/ml )
4 + 0.5
0.310 + 0.02 % 118 + 0.1
0.53 + 0.02 %
2020 + 12 2.67 + 0.03
87 + 11
18.0 + 8.2
10.9 + 0.7
76.7 + 4.0
7.64 + 0.2
6.0 + 1.1
2.50 + 0.08 0.026 + 0.0004
50.76 + 1.41
0.84 + 0.28 0.0015 + 0.0004
3.56 + 0.63

Dissolved Anions

Surface O.6xdepth -

{ ng/ml )}

5.6 + 1.4

0.08 + 0.002

0.019 + 0.005

0.013
0.0047
0.022

0.003
0.0002
0.006

I+1+1+

5.0

|+

0.05

0.085 + 0.001

Total Dissolved
Surface
( ng/ml )

0.6xdepth

9.6 + 1.5

118+

2.75

0.019

0.013
0.6047
0.022

5.0
0.0015

0.085

+

I+1+

o.l

0.03

0.005

0.003
0.0002
0.006

0.05
0.0004

0.001

05T



Table 22AElemental Abundances in Willamette Rivexr System

Element

Al
Fe
Ca
Na
X
Ti
Mn
Ba
v
Zn
Cr
Ni
Rb
Ce
La
Co
Sc
As
Sm
Th
HEf
Yb
Br
Eu
Dy
Cs
U
Sb
Ta
Lu
To

Sampling Site:

Sediment

£ ug/g )
8.999+ 0.11%

5.19
3.56
1.84
1.00
0.72
643
492
le4

93
32
30
39.4
22.4
23.3
20.5
6.8
5.25
3.85
3.77
1.79
1.69
1.37
1.51
1.74
1.41
0.62
0.74
6.38
0.66

C.04%
0.54%
0.01%
0.24%
0.05%
1

66

5

[+ +Hj+]FIFFH[H+

e e & o o ¢ o e o e o o N
OO > WOHOMDOOMULIWNO

AR R L R R R P E R O Ry Sy prAp g s
H OO N

(elieeleNoNeNeNeNoNelNoNeNelNeoNeoleo el Sl Tl TIN-N
L]

NWOORrRVMVUINMWOUEFEOOLDND

Wilsonville 2

Suspended
Particulates
( ug/9)
2.80 + 0.11%
1.02 + 0.01%
0.37 + 0.01%
1450 + 9
146 + 10
12.0 + 5.8
11.1 + 0.8
13.1 + 2.5
10.64 + 0.23
4.69 + 1.4
3.16 + 0.08
57.39 + 1.45
1.00 + 0.23
1.20 + 0.60
1.25 + 0.60

River Mile: 43.50

Dissclved Cations Dissolved Anions
Surface O0.&xdepth  Surface 0.6xdepth
( ng/ml ) ( ng/ml )

3.6 + 1.2
102 + 0.1

0.290 + 0.007

6.0018 + 0.0003

0.0030 + 0.0002

0.064 + 0.007
0.029 + 0.00043

5.42 0.05

|+

0.00130 + 0.00038

0.016 + 0.0016

Total Dissolved
Surface 0.6xdepth

( ng/ml )

0.290 + 0.007

0.0018 + 0.0003
0.0020 * 0.0002
0.064 + 0.007

0.029 + 0.0004
5.42 + 0.05
0.00130 + 0.00028

0.016 + 0.0016

st



Tzble 23AElemental Abundances in Willamette Rivex System

i ite : Wi v River lile: 39.50
Sarpling Sltevﬁ;i;i;;;;;g 2 Cissolved Cations Dissolved Anions Total Dissolved
Sediment Particulates Surface 0.6xdepth Surface 0.6xdepth  Surface 0.6xdepth
Element  { wg/g ) ( ug/g ) ( ng/mL ) ( ng/ml )} ( ng/ml )

Al 9.33 + 0.11%
Fe 5.50 + 0.02% 2.32 + 0.10% 3.0 + 1.1 22.8 + 2.3 25.8 + 2.7
Cca 2.74 + 0.77%
Na 1.90 + 0.25% 0.61 + 0.01% 90 + 0.2 30 + 0.2
X 0.77 + 0.25% 0.29 + 0.01% :
Ti 0.79 +0.05
Mn 693 +3 1812 + 12 2.16 + 0.02 l.61 + 0.01 3.77 + 0.03 .
Ba 493 + 51
\ 161 + 5
Zn
Cr 79 + 3 68 + 8 0.33 + 0.01 0.33 + 0.01
Ni 37 ¥ 23
Rb 34 + 13
Ce 35.7 + 1.0 14.5 + 5.4
La 19.6n+ C.2 11.9 + 0.7
Co 26.5 + 0.4 13.9 + 2.01 0.025 + 0.003 0.025 + 0.003
Sc 19.1 + 0.4 10.6 + 0.2 0.0065 + 0.0002 0.0065 + 0.0002
As 5.5 + 0.5 6.1 + 1.2 0.118 + 0.0074 0.118 + 0.0074
Sm 4.36 + 0.01 1.41 + 0.03 0.027 + 0.0004 0.027 + 0.0004
Th 3.77 + 0.20
HE 3.69 + 0.23
¥b 2.02 + 0.24
Br 1.85 + 0.43 18.3C + 0.96 4.50 + 0.04 4.50++ 0.04
Eu 1.29 + 0.07 1 0.62 + 0.21 0.00096 + 0.00037 - R . 0.00096 + 0.00037
Dy 1.48 + 0.03 1.69 + 1.10 '
Cs 2.13 ¥ ¢.15
- 1.27 + 0.19
Sb 0.59 + C.23 1.73 + 0.46 0.0333+ 0.0021  0.033 + 0.0021
Ta 0,67 + 0.07 3
iy 0.34 + 0.02
Th 0.64 + 0.16



