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THE USE OF STA3LE PCTIVAILE TRACERS IN DDROLOC;Y

INTRODUCTION

The water which man uses is primarily fresh water froi rivers

and lakes because of its availability and accessibility. Unfortunately,

rivers have long bee used as a rieans for disposal of wastes. It is come

non practice to discharge sewage into streaas and even when wastes mate-

rials are buried, ground water may carry some of these materials in

solution and discharge it into streams.

Increasing human activities have resulted in an exponstial in-

crease in the amount of sewage and waste being discharged directly into

rivers. Such large outpour of r:ollutants inevitably upsets the natueal

self-purification capability and balance of the aqueous environcrent. T:Tith

ever increasing demands being placed on surface water for disposal of

non's waste products combined with the dwindling quantity and quality of

"pure" water available for hlroan comgulption makes it imperative that the

capacity of these waters for assimilating wastes he knon for the protect-

ion of their many beneficial uses. Thence one can establish a meaningful

discharge standard and/or devise optimum strategies for improvement of

water quality. It is equally important to be able to "trace" or track

down the "natural" or non-made pollution sources, which may be unknown

or unseen, as well as their ultimate fate in the receiving water in or

to achieve the objectives mentioned above.

The use of tracers of

aena in hydrology that have not

vestigation, has been an active

one type or another, to investigate pheno-

previously been easily amenable to in

field of study within environmental
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science and engineeering. .7flonj the man-y phenomena studied are (1) I.,'1.(74,7

rates (2) Dispersion coefficients (3) Grould. water C771a.tiacterization (4)

Sea:LI-rent transport (5) Soil erosion (6) 'fracil-ig" and "characteri.z,:ition"

of pollution sources.

Numerous types of tracers are available and employed in various

hydrologic studies but generally they fall into three rein ea-Lego:des

(1) Me:laical tracers,e.c. NaC21, K11004, N2CO3 etc. , (2) Radioactive Tracers

such as Pb-86, Tritium, P-32, 1-131, Br-82 etc. (3) Dyes such as fluore-

scein, Rhodaraine-B etc.

Chemical tracers have been used successfully on a multitude of

occasions but usually such tracers have to be ad.C:ed in high concentrat-

ions in order to reimain detectal-de of subsecluent dilution and to alle-

viate .Lhe problem. Also when tracers of- such high concentration.s

ore used, the density of -the tagged materials will exceed that of the

natural water and they are no lunger ii.,CL.:-.o:Loclically equivalent.

Radioactive isotopesi,'r 3 r I 5/ 6 are colt:Ton:1y used tracers in

studying various hydrologic pheno:Pena. UnfortunaJ:erly, there are situat-

ions where the use of radioisotopes is inadvi.sable because of safety

or public health consideration, The use of long-lived radioisotopes are

usually avoided because of their :tong residence tire could Cause long

term health hazard but if slim::. lived isotopes are used, then rigid

tine. table must be follo,,,,red. Also the use of long or short-lived radio

tracers in the environment is beccsiing politically unfeasible: typical

:Lead tines to do radiotracer experiments in orx.-:n stres are fast be-

coming a year or mre due to regulatory problelas.
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Nurcerous fluorescent dyes 7 / s' 9 such as Phodaimine B, Fluo-

rescein etc., are also freguently encountered in water resources research

but suffer several dra,,,Lacks; among them (1) they present aesthe-

tically objectionable modificatio-is of water color; (2) occurence of

photochemical decay of many fluorescent dyes liait their uses to short

term studies; (3) dyes aurilcable to water of high quality only. Heavily

polluted water with high turbidity and color interferes with the use of

dye tracers.

In brief, all the aforementioned tracers suffer one or more

shortcomings and acne are ideal. Also, a persistent phenomenon 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

previously stable chanical regircen with the result that sorce of the

tracer material is re,L0.7eñ by the biota and sediments in the rivers. With

the above considerations in mind, it is obvious that there is need to

develcp a conservative fluid-bound tracer of high solution stability

which is safe, readily available, reasonably priced, with hic-jh detection

limit/sensitivity, loi natural back(_ccound concentration, that will cha--

racterize the flaq of the water mass being traced without retardation

due to chemical or physical reactions and without modifications of the

intrinsic transmission characteristic of the water body. rrhis develop-

ment would bring significant nrcxjtess to water resources and hydrolo-

gical studies.

The choice of a specific tracer hinges on its meeting cer-

tain basic criteria. It is pro:.,bly naive to assure that. a single

tracer would be applicable to all natural waters. To the extent that
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the chemical; physical and bielociical a Trticr of ntural water sys-

tems vary, the choice of tracers may also vary, Sone of the basic cri-

teria LI:at must be met a:-e:

(1) Traces should 17.,osscss a high detection sensit.:.vity for

the pari-,icular made of Einalysi S .

(2) Tracer should 1.T.: Yeasoylab.le n cost in terms cf. both time

and mterialL-3.

(3) Tracer should have a 1(.17 natural. concentration in water

mass into which it iii be introduced.

(4) Tracer should nce . be hazardous at tbe concentrations or

toLl aa-tortnt necessary for its use.

(5) Tra.cer should reirla in in solution, resisting r.)recipitation,

sorption etc.

At this paint, it %,:ould bn aoprcp1.73.te to define the term

Tracr. A stiilble activable tr:-.,.cr is essentially a

chanical elerrent or stable non-radioactive nnclidy:.-. that one ini,.--cts into

the system mder study,f illowecl by S airpling and rn:_,asurtsient of the tra-

cer concentration by activation analysis.

Not unlike other tracer technique, in order to choose the

zvpropiate stable activab..'e tracer, the aforementioned criteria should

be rret to an apoi-eciable degree. Tn addition, it should possess favour-

able nuclear properties and that inolu.-ib;

(1) The ther-oal neutron capture cross section of the isotope

should be a..i..preciahl.e.

(2) The produith from the (n,',() activation of the stable



5

isotope should have a half-life of days or less and should ems readily

detected gamma rays.

Probably no universal tracer exists that is; suitable for all

problems. A. number of excellent studies have been carried out and scae

of these are summarized by Kruger". In a series of aTTerilints at the

Pennsylvania State University. Jester and oo-workers11,12 used Br-

and 1- (along with same studies of V-3-F and Co ions in natural waters)

to mimic the moveaent of soluble species in natural waters. These stu-

dies were inceliplete in that no attempts were rade to quantitatively

Feasure the stability of the tracer in the systems under study and be-

cause of the higher concent=tions of these elenents in natural waters,

it was not possible to do large scale pollutant. tracing. Iii a pioneering

survey, Channell and Kruger13 studied the possible use of rate earth

tracers to follow pollutant dispersion in San Francisco Bay. They were

able to demonstrate the general feasibility of this approach, but again

the lack of detailed field studies of the tracer stability , the conser-

vative nature of the tracer, as well as not utilizing the capability of

simultaneous multiple source tracing leaves many unanswered questions.

In unpublished work, 1Iansen14 actually compared the behaviour

of long lived Eu,Tb and In activable tracers with fluorescent dye mod.-

amine B in &mai] (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 their use in large scale

eY47)eriments. In a preliminary study Schmitt et al.15 showed that the

dispersal of La and Sn could be followed in rivers but made no attempts
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to study systematically the use of these eler:vants as tracers. ]dium

and scandium were used as stable activable tracers for in-plant WKT1N-

mants of water in wastewater treatment plants by Craft Licholsu-

Dahl and co-workers17 have shown that In (NO3) could be used to trace

water stream patterns and pollutant dispersal in and around the harbor

of a. Norwegian town.

In this work, we explore the feasibility of using rare

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

Lu as stable activable tracers. The rare earths are easily detected be

instru3Dental neutron activation analysis alloAng long range pollutant

tracing and the use of envircalw.Triully insignificant tracer levis

while the use of short-lived activation products rapid sample -

analysis and thus makes the tracers more cc.61-. cometitive. Also tim

proposed use in our work of rare earth nuclides with short-lived ac7t-

ivation products compared to the longer lived activaticn prod=ts

proposed by Channell and Kruger should grealy improrJe the econozdc

viability of the activable tracer technique, a stumbling block in

the Channell and Kruger studies.

Hug does the stable activable tracer we propose to develop

met all the aforementioned criteria? First of all, let us examine

Table I which includes sure representative figures comparing some

rare earth elements, which, when subjected to neutron activation analy-

sis, produced the greatest amount of activity per dollar of tracer

cost. This is of course, equivalent to asking which tracer is simul-

taneously cheap and easy to detect. Again, in codpiling such a table,

the nuclear properties (i.e. cross sections, half-lives, gamma ray



Table I: Properties of Some Rare Earth Stable Activable Tracers with Short Lived (t1/24:1 Day)
Activation Products.

Elemmnt Cost(Sikg)a Target Nuclideb Ey(%Abundance)b
b

t
1/2

g/104cts Cost($/10
4
cts)

Ce 45 Ce-136 446'.0(2.3%) 9,0 h 0.085 3.8x10
-3

Pr 236 Pr-141 1575.5(3.7%) 19.2 h 0.018 4,27x10
-3
-4

Nd 176 Nd-148 211.3(27%) 1.8 h 5.93x10-4 1.04x10
Sm 320 Sm-154 104.3(73%) 22.997 m 3.31x10-5 1.05x10-5
Eu 3960 Eu-151 121.8(37%) 9.30 h 1.32x10-7 5.24x10-7
Gd 3720 Gd-158 363.6(9%) 18.706 m 1.11x10-4 4.13x10-4
Dy 920 Dy-164 94.7(4%) 2.334 h 1.56x10-6 1.44x10

-6

Ho 1100 Ho-165 80.6(54%) 66.78 m 2.42x10 -6 2.67x10-6

Er 420 Er-170 112.0(25%) 7.519 m 3.61x10 -4 1.51x10
-4

Yb 860 Yb-176 151.0(16%) 1.900 h 1.77x10
-4

-5
1.52x10

-4
4

Lu 18000 Lu-175 88.4(10%) 3.679 h 2.04x10 3,67x10-6
In d 1760 In-115 1097.2(80%) 54 m 6.80x10-7 1.21x10

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

b. C.M.Lederer,J.M.Hollander.I.Perlman,Table of Isotope. 6th edition (4iley,N.Y.,1967)
I.Binder,R.Kraus,R,Xlein,D.Lee and M.M.Fowler,"A Chemist's Gamma Ray Table ",Lawerence Berkeley
Laboratory Report,LBL-6515,June,1977.

c. Assume 1 minute irradiation at a flux of 1013 n/cm2/sec. Delay of 5 m, count 3 m. Sample position-
ed one cm away from a 40 cm' Ge(Li) detector.

d. In is not a member of the rare-earth family, it is a well known stable activable tracer and there-
fore included here for comparison purpose.
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energy efficiencies etc.) chemical costs and amount of cheioical required

are all incorporated into the calculation. It should be fairly obvious

by examining the table that Dy and In are by far, the mes ccsf effec-

tive tracers using stable activable tracer technique. (Dy in a prototype

for the rare earth tracers; In is a well k.na.,:rn stable activable.- tracer.

Dy is the thing under study \.hereas In is used for cemparison purposes.)

Further: Tore their radioactivities are such that analyses can be perform.-

ed in the laboratory in less than 15 wIn /sample, thus enabling low

analysis cost and rapid availability of tracer experic,ent results.

According to the es-Lb-oath of. Channell and Krugern, the rare

earth stable activable tracer technique has roughly the same cost as

radiotracers for intermediate and large scale studies ( 10 million acre

feet or 1.23 x 10
13 liters of water or greater) and a factor of 2 5

times cheaper than the use of fluorescent dyes. Cur estimate for a sma?lelc

10
scale study ( 5 x 10- liters) using- dysprosium instead of the lanthare

num. employed by Channell and :Krug-ex shags that the stable activable

tracer technique is cheaper by a factor of 3 to 4 tires than radio-

tracers and yet comparable to the use of flmrescent dyes. Table II is

a coepilation of our estimate which cor:pares the costs of using the

three different tracer technic:11es. The cost estirates are to be. talean

as rough approxinvitions ani . are intended merely to demonstrate that

the costs associated with these technologies are similar.

Notwithstanding that cost is an important factor in selecting

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

fic study has a lag natural background concentration.. Some representative



Table II: Cost Apalvsis of- Tracer Method

Volume of Water tagge;',

Duration of Experimnt

Number of Samples taken

Rhodamine
a

Weight needed

Tracer Cost

Analysis Cost

. bTritium

Activity needed

Tracer Cca;t

Analysis Costd

Dyprosit,mc

Weight needed

Tracer Cost

Analysis Cost

10 .

5 x 10 liters

1 day

100 samples

110 lb

$ 457

$ 200

Total $ 657

21 Ci

$ 243

53000. _

Total $3243

10 lb

$ 250

$ 600

Total $ 850

9

A. Tracer cost based upon an average minimum concentration of 1.3 x
10-5 g/m3 and a tracer cost of 4.15 dollars/lb.

Ia. Tracer cost based upon an average concentration of 1.622 nCi/1

and a cost of $2/Ci for Tritium.
c. Tracer cost based upon an average concentration of 100 ncll and

a cost of Dy $ 25/1b
d. All samples analysis charges based upon cur:7ent charges of Orecion

State University in-house service analysis groups. The tritium

analysis charge Includes cost of preconcntration.
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ele=tal abundances ir_ river water are shcc,n ii T.:_ble III.

of Table III .shows that the choice of Dy and Tn, due to their lag natu-

ral abundance in natural. water system, is warraneJ.

As far as hazidous, nature of the tracec is conoorned, the

use of rare-earth tracers poses no detrinental effects because the

tracers are non-to:dc at the con.centration. encountered in environTlental

studies. Table IV shows the toxicity of saun rare earth ea:pout-Zs in

laboratory rats_ izsrrie 4..11L-1:: the sure LDo applies to huTaa 'beings, it

would ir.cply that a man who v.qha 80 k would have to inject the equi-

valent of 88 cal of L7 rret al to achieve the LD50 concentration assun-

ing all Dy ing-c.-.,st&..1 is rc-tained. The typical F; tracer concentration

in the Willcmrtte experints is abouL 50 ppb (.Darts per billion)

including the natural background and that would mean he x.,%ould have +

drink approximately 10-. liters of Willamette Fiver water in order to

reach the Li), 07)ncentn.:It This e,:pivalc.-n4,-. to drinking the whole
0

river and that is rather in-possible.

As ye!t. there is still the unresolved qt.:-estial of tracer

has plaguednost exoer..immters. 7.s indicated earlier, inloss which

tracing fluid bound substances, the tracers should remain water soluble,

stable and conservative under "rear situations. To alleviate the pro-

blem of tracer loss, one approach has bean the use of chelating agants

that noun cos...pk:xes of high stability with the tracers and allow thee

to remain soluble in the presence of adsorbing 2.-naterials as well as

other chemical or bio:JogiaA. species.

The retal chelates of aminecarboxylic acids of the rare



Table III: Elemental

Element**

Compo:7.ition of River Water187 19,20,21,22

Median Range

Ag 0.00013 0.00001 0.0035

Al 0.34 0.01 2.5
As 0.0004 0.0004 0.23

Au 0.00006
Ba 0.054 0.009 0.15
Br 0.021 0.005 140

Ca 15 4 120

Cd 0.08
Cl 7.8 5 35

Co 0.00090 0.0001 0.006

Cr 0.00018 0.0001 0.03

Cs 0.0002 0.00005 0.0002

Cu 0.01 0.006 0.4

Fe 0.67 0.01 1.4

Ga 0.001
Hg 0.00008
K 2.3 1.4 10

Fig 4.1. 1.5 - 5

Mn 0.002 0.00002 0.13

Mo 0.000035
Na 6.3 3 25

Pb 0.005 0.0006 0.12

Ra 3.9 x 10-10
Rb 0.0015 0.001 0.008

Se 0.02

Sn 0.00004
Sr 0.08 0.003 0.8

Th 0.00002
Ti 0.0086 0.11

U 0.001 0.00002 0.05

V 0.001 0.007
Zn 0.01 0.0002 1

Zr 0.0026 0.00005 - 0.022
Eu 0.000009
La 0.00033
Sm 0.00012
Dy
In

** All concentrations are in ppm (parts per million.)

11



Table TV: Toxicity of Some Rare Earth Compounds**

Tare-Earth Chlorides L.D.
50

362.07

Rare-Earth Citrates L.D.
50

82.66Lanthanum (La) Lanthanum (La)

Cerium (Ce) 352.34 CCerium (Ce) 149.52

Samaritan (Sm) 365.38 Samarium (Sm) 164.25

Europium (Du) 387.80 Europium ("a0 186.67

Dysprosium(Dy) 342.80 Dysprosium (Dy) 113.12

Rare-Earth EL/TA L.D.
50

Rare-Earth Nitrates L.D.
50

%Rnthanum (La) 37.26 Lanthanum (La)

Cerium (Ce) 37.57 Cerium (Cc) 1355

Samarium (Sm) 311.13 Samarium (Sm) 981

Europium (=.17u) 240.09 Europium (al) 1704

Dysprosium (Dy) Dysprosium (Dy) 1103

** A11 L.D.50 are in ppm of metal/Kg body weight of laboratory animal oral dosage.
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earths represent sue of the r:-.:-.s t stable water soluble co.-plexus. The

stability constants of soire of the earl chelats 27i2c are

ShOWII in liable V and Figure I. Ex,Iminat-:._on of the table and Iigare

shows that LTPA (Diethylenetriamine tetraacet:ic acid) GATplexr,s

:core stable than other ceYilplexes, such as EWA (Ethylenediarcine tetra-

acetic acid), NTA (Nitrilotriacetic acid) and CDI'A (Cyelc'uexanediamine

tetraacetic acid) by factors of greater than tea and sheld constitute

a cfro;:p a potentially useful water tracers. use of anionic chelates

such as DTPA tracers and Ele peconcentratien of satTples using anionic

ion-exchange filter paper have the added advantage of lessening the

sodium content of our samples which is inherently present in all envi-.

ronElental samples and interferes or masks the gala-ray contrihution

of the. activation products of interest. Also anionic tracer species

-band to be ifore cmservative than cationic spe,Aes 29,3°,21 in natu:.--al

water. These observations result from the presence of surface active,

electrically charged collodial particles and surface coatings. Comion

'colloids in fresh water, such as hydrous iron and manganese oxides and

clays, possess negative electrostatic Charges. This explains the great-

er susceptibility of cationic species to undergo sorption.

In brief, what advantages do these techniques possess in gen-

eral or when cmpared to fluorescent dyes or radiotracers? The adv:Jntages

are:

(1) The tracers are non-toxic at concentrations encountered

in environmental studies in contrast to the real (or iii.agineii) problems

with radionuclides release in the anvronment, ihere are no aesthetical-

ly objectionable r)r:d-Ification of water color during tracing,
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Table V Stability conL,LanLs for various metals with EDTA,
DTPA, CDA Tan: NTA2-7,28.

Metal
EDTA

log Ks
DTPA

log Ks
CDTA

log Ks

NTA
log Ks

Ba (II) 7.8 8.6 8.0 6.41
Sr (II) 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 (III) 21.3

V (II) 12.7 15.1
V (III) 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
Ni (II) 18.6 19.6 19.4 11.26

Cu (II) 18.8 21.1 21.30 12.68

Zn (II) 16.5 18.3 18.67 10.45

Cd (II) 16.5 18.9 19.23

Hg (II) 21.8 26.7 24.4

Al (III) 16.1 17.6

Ga (III) 20.3 22.91 -
In (III) 25.0 ---

Sn (II) 13.5
Pb (II) 18.0 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 1.0.30

Nd (III) 16.6 22.2 17.63 10.49

Sm (III) 17.1 22.8 18.38 11.13

Eu (III) 17.3 22.9 18.62 10.79

Gd (III) 17.3 23.0 18.77 11.17

Tb (III) 17.9 23.2 19.50 11.31

Dy (III) 18.3 23.4 19.69 11.74

Er (III) 18.8 23.1 20.68 11.90

Tm (III) 19.3 22.9 11.79

Yb (III) 19.5 23.0 21.12 11.98

Lu (III) 19.8 22.4 12.10
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(2) The detection sensitivity of these tracers is very goo;!.

For example, for Dy, one can readily detect amounts of as low as 10-12g.

This allows pollutant tracing over very long distances not usually possi-

ble with fluorescent ca ;us or radioactive tracers.

(3) The tracers can be bound as EDM or DT1A coicolexes and

thus not suffer appreciable adsorption. by sedirrents etc., as soc2tiroes

plaques the use of various dyes.

(4) The detection of these tracers is not affected by the

presence of water color or the photochemical decay of the tracer.

(5) Their cost effectiveness is extremely competitive and

attractive.

(6) Effluents frcui specific pollutant sources can be marked

with a cdven 'fingerprint' or "co on" and the effluent from srveral

sources can be traced simultaneously.

In addition to all the above advantages, use of artificial

tracers is superior to using "naturally-occurring" trace element in

Various hydrologic system 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

rrcdel validation studies,

(2) Easy detection in that one can arrange that the tracer

levels at all points in the system are well above detection limits.

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

marking each of the several pollutant sources with a different tracer,
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cleanly simultaneously trace the emissions from se7:eral sources in the

area where the discharges hlix.

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

( ) To develop and laboratory test tracer toclnicfues (involving

the use of stable activzle trace element, such as the rare earth ele-

rrents and/or involving the use of "naturally occurring" trace elements)

to trace the fate of fluid-bound pollutants in fresh N.,?ater.

(2) 'lb field test these bracer techniques. Extrapolation of

laboratory results into the field is best done with questioning reser-

vation. It is imperative to test the validity of these tracers developed

in the "real' situations because there are variables that cannot be simu-

lated in laboratory tests.

(3) To map the existing :'Levels of trace eleuents present at

various locations in the water and sedirrents in the Williarrette River.

This is an integral and essential part of the resea7:ch because the orac-

tical sensitivity for Tuantitative tracer determination is limited by

the residual or natural tracer concentration in rater. resides, mapping

the existing trace elarrF.2nt. levels present for the discharge of various

tyfxes of effluent sources, such as pulp and paper mills, sewerage out--

fall., metallurgical processors etc., ca-i provide possible "fingerprints"

of unique sets of trace elen.e.nt patterns from each of the aforementioned

sources which can then be cc,irpared with the i.:r.tifici3.1. tracer dispersal

pattelns.
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E).7E'EP:E,172,7TAL

The overall p_1an for the research involved the laboratory

development and testing of stable activable tracer (SAT) techniques

to ronitor pollutant transport in fresh waters folled by detailed

field studies.

A. Tracer Preparation:

The stable activable tracers chosen for this work include

inditra (In) and the rare-earth element dysprosiuLa (I.Yy). Oxides of the

elemants were dissolved in a minimum amount of hot concentrated nitric

acid and a solution of diethylenetria_raine pentaacetic acid (Efi'PA) was

added to form a 1:1 coi:'plex of the rare earth chelate. (CoTplexolLetric

titration using Erio-chrore Black T as indicator confirmed the 1:1

molar relationship32' 33) . The Fetal chelate s.alution was than diluted

with fresh river water to the desired concentration prior to use in the

field experirents.

B. Laboratory Studies:

Prior to field studies, certain preliminary laboratory experi-

ments were performed to verify: (1) The effectiveness of the icn-exchanse

filter paper as a preconcentration medium for the chelated tracer as

well as the natural elercerital species present in the river water,(2)The

extent of chelate formation, (3) The stability of the DTPA tracer com-

plexes under simulated natural conditions, (4) The low intrinsic trace
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elaTent con-Lent of the ion-exchange filter papers;, (5) The minimum

number of filters and filtrations required to achieve optimum recovery:.

(6) Effectiveness of the freezing procedure as a sample presentation

step.

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

Preconcentration Medium:

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 due to reasons of economics,

public health considerations etc. The utilization of an efficient me-

thod of tracer and trace element recovery and concentration from the

natural water would greatly enhance tracer utility and trace element

determinations by reducing the in situ concentrations necessary for the

quantitative determinations and increasing detection sensitivity.

To confirm that ion-exchange filter paper is an effective

preconcentration medium for the tracer species as well trace eleinnts

present in natural water, two set of experiments were performed. The

first experiment involved the preparation of radioactive 116111In-DTPA,

3-65Dy-EflIPA as well as ether rare-earth chelates at a concentration of

',10-6Ivi at a pH of 7.2 corresponding to the natural water pH and then

filtering the solutions through an assembly of cationic and anionic

ion-exchange filter papers (Gelman Acropore SD-6407 and SA--6404 cont-

aining Dowex l X18 and Do,,7ex 50W-X8 resins respectively { See Aprendix

1)). The second experiment involved the preparation of unchelated ra-

dioactiA)e -,solutions of In, Dy, the rare- -earths as well as some commonly
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occurrina elements such as Co,F'e,r/n,Cr etc.and then fltered the:-.5e solu-

tions through assembly of cationic and anionic _ion-e:':chence

The results of such experiments are shown in Tables vi

(2) Extent of Chelate Formation:

The_ practical extent of the complex formation was v,eri..fied

by passing aliquots ( ) of OTPA chelates of the radianctiyQ:,. 1E3.5

end other rare-earths, diluted with SOO ml of distilled water

and pH adjusted to 7.2, and filtered through tvo mars each of the

cationic and anionic filters. Theoretically, the chelates which are

in anionic fcwiL would he picked up by the anionic ex,shanger-s and any

Dy in or rare-earths that fail to fermi the anionic complexes will pre-

sumably be picked up by the cationic exchanger and 'thereby pv)VLdri an

indication of the extent of the chelate formation. The results of such

an experirrent are shcwn in Table. VI.

(3) Tire Dependence of Tracer Stahnity under Simulated River

Conditions

One of the main criteria of a "good" tracer is that it should

remain in solution and resist losses due to precipitation, sorption etc.

Prior to the conal-enceroc.2nt of field studies, preliminary laboratory ea-

peril-cents were performed to incie-_,tigate the behaviour and stability

of the chelated tracer under simulated river conditions. Briefly, the

experbre.nts consist of placin,:f kn(N.:ia quantities of Dy and In-DTPA. chelates

('-',10-614) in Erlenen-eyer flasks agitated continuous] in a thermostatical-
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Table VI Per Cent Fof-matich E.71C-1 Tay) of Some Rarc---Eartli--1. and lndiun

DTPA Chelates at 1-Tatural pH.

Anionic Ion-Pxchance Filter Cat-ionic Ion-Exchange

% Caround that failed
Ca pound % Pori,-tacfon-1 Pickup to for chelatec

LaDTPA 99.7 99.4 0.5

CelYTIPA 99.5 95.4 0.6

EI-rOUPA 99.3 96.7 0.9

EuDTJ'A 99.2 95.5 0.7

GdD1PA 98.0 92.0 1.1

TbDTPA 98.6 92.5 1.0

DyDTPA 99.1 92.5 0.1

IIoDTPA 99.0 92.0 0.9

viplil PA 99.2 94.6 0.7

LuDTPA 99.3 95.4 C.7

InarT'A 99.7 94.1 0.2

a; Single filtration through two anionic ion-exchar- filters,

tracer solutions diluted with distilled water and p11 adjusted

to 7.2

b: SaMe as above except: river water is used.

c. Single filtration through two layers of cationic ion--exchanie

filters, tracer solutions diluted with river water and pH

adjusted to 7.2
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Tal-)le VII: Pickup Efficiceny of Various Types of Filters**

EleFent Cationic Anionic Nuclepore I-Jhatilinn #1

La 99.47 0.03 0.27

Ge 99.71 0.25

Sm 99.66 0.01 0.28

Eu 99.37 0.17

Tb 99.52 0.27

Dy 99.03 0.07

Yb 99.67 0.01 0.27

Lu 99.60 0.02 0.29

In 99.20

Co 96.23 3.79 1.78

Cs 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 0.11 0.79 0.50

Ba 100.00

2s 46.41 39.18 14.40

Sb 54.15

** All radiotracels are diluted with fresh river water and pH adjusted
to 7.2 prior to filtration through 2 layers of each filter.
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ly controlled shaker baths at a temperature of 10°C for a. period of

one hour to eight days with various coMbinations of river water and

sediments: (i) 60 md of unfiltered river water plus 10 g of river

sediment (ii) 60 al of unfiltered river water and (iii) 60 ml of

filtered river water. The purposes of these experients is to evaluate

the effect of the actions of (i) sediments and suspended particulates

(ii) suspended particul ates and (iii) "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 dhelated solutions.

Samples of each solution were withdrawn as a function of tine. These

were centrifuged to remove large suspended particulate matter and

the remaining solution filtered through a series of Nuclepore, anionic

and cationic filters. The Nuclepore nembrane filter serves to rerrove

any fine suspended particulates larger than 0.45 microns in size while

the tracers and trace elements in the river water were collected onto

the anionic and cationic filters respectively. The icy and In content

of the anionic filter and filtrate were measured using the technique

of Instrumental Neutron Activation Analysis (I IAA) to determine the

percentage of the original. tracer remaining in solution as a function

of tine. The results of these experiments are slacwn in Tables VIII XI.

(4) Trace Element Contents of Nuclepore MeLbrane Filter,

Cationic and Anionic Ion-Exchange Filters:

The applicability of the Nuclepore cationic and anionic
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Table VIII: Time Dependence of Tracer Stabilitv under Simulated

River Conditions I (Unfiltered i:fiver Water) a

Per Cent of Original Tracer Remaining
Time of

Equilibration

1 hr

2

DyDTPA Chelate

97.1 + 4.9

95.8+ 4.8

InDrPA relate

95.5 + 4.8

95.5 + 4.8

4 94.6 + 4.8 95.5 + 4.8

6 97.3 + 4.9 97.3 + 4.6

12 95.6 + 4.8 100.9 + 5.8

24 97.1 + 4.8 98.0 + 5.2

48 97.0 ± 4.9 98.7 + 5.1

4 days 98.3 + 4.9 96.7 + 5.2

6 98.3 + 4.9 97.4 + 4.9

8 96.2 + 5.0 97.4 + 4.9

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

constant temperature of 10
0
C
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Table IX: Tire L:cpenc7ence of Tracer Stability under Siimaated

River Conditions II (Filtered River Water) **

Tire of
Equilibration

of Original Tracer Remainingin Solution

DyDfPA Chelates InD2Pzi 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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Table X: Tie Dependence of Tracer Stnbility under Sip-0 af-ed.

River ConcHt.ions II ..(Sedirnent.+ Unfiltered River

Water)*

% Original Tracer P72ma..ining in Solution

Tire of
Equilbration DyDTPA Chelate InT-JTPA

1 hr 100.8 + 5.2 100,2 + 5.1

2 99.3 + 5.1 100.7 + 4.9

4 100.0 4 5.2 100.9 + 5.0

6 100,8 4 5.2 97.1 + 5.1

12 99.4 + 5.1 94.8 + 5.2

24 101.1 4 5.2 91.9 + 5.0

48 100.5 + 5.2 85.3 + 4.8

4 days 99.4 + 3.6 82.3 1- 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 temp-

erature maintained at 10°C.
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Table XI: Tire DaPe:,a,nce of Tracer Stability under Simulated

River Conditions IV (Unchelabed Tracer + Sedironet

River Wa.-'-c..er)**

Time of
Equilibration

I Original Tracer Remaining in Solution

Dy Solution In Slution

1 hr. 93.4 + 9.4 95J) + 10.7

2 83.5 + 8.9 91.8 + 10.4

4 87.3+ 8.8 90:6 + 10.3

6 86.8 + 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 pH of 7.2
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filters to remove suspended. particulate 3 and dissolved species in natu-

ral water samples hinges on, among other things, the low intrinsic trace

elerTent contents of these filters. Low trace elcar.ent content of these

filters can alleviate the problem. of "blank" corrections which may intro-

duce and cause erroneous results especially in quantitative works. To

evaluate the trace elarent contents of these filters, samp3_es 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 geometry for all the samples. Fesults of such

determinations are shown in Table KIT.

(5) The .Minimum Nun.-Iyer of Filters and Filtrations Peouired
. _

to Achieve Optimum necovery:

Theoretically, the ion exchange capacity of a single ion ex-

change filter far exceeds, the usual quantity of trace elements present in

fresh water system (See Table III and Tppendix I). No%,;ever, in order to

utilize these filters more efficiently and econcs'ically in terms of time

and money, certain experiments were performed to determine (i) the mini-

mum number of filters required to achieve maximum recovery (ii) the opti-

mum number of filtrations required to achieve maximun retention of dissol-

ved species of interest and (iii) effects of pH on the pickup efficiency

of these filters.

In order to achieve maximum exchange, the filtration process

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

established . The quantity of ions collected during a single passage



Table XT -I: Trace Element Content of Nuclepore Membrane Filter, Cationic and Anionic Ion-Exchange
Filter Papers. (ng/cm2)

Element

Nuclepore Membrane Filter

This Work Literature*

Ion-Exchange

f:.1)

(c) Cationic.'

Filter Paper

Anionic (p)

Na 10 8-47 82 478

3r 1.49 0.37 -2.80 24.8 12.1
Yr, 0.44 0.07-0.31 28.0 32.9
Sm 0.005 0.001-0.002 1.15 0.29

Eu 0.0004 0.000016 0.0024

Co 0.29 0.40 0.03

Zn 1 342 335

K 9 32 131

La 0.104
Cr 31.7 29.4

Fe 267

U 0.5

Sc 0.052

(a) Gelman Acropore SA-6404. Gelman Instrument Company, Ann Arbor, Michigan.
(b) Gelman Acropore S3-7407. Gelman instrument Company, Ann Arbor, Michigan.

Due to the large variations of the reported values, the ranges rather than average values were

reoorted here.
(c) Jones,P.A., MS Thesis, Department of Chemistry, Oregon State University, 1977.

Shum,Y.S.,Loveland,W.D., Atmos.Znvironment, 8,645 (1974)
Ricci,E., et al., "Nuclear Method in Environmental Research", USERDA Report Conf-740701,1974.
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through the paper depeds on the quantity of ions in solution, the inw-

her unfilled ion-exchange sites in the disk and the affinity of the :ions

for the resin in the disk. In order to establish the standard nuikur of

filtrations to be used in subsequent work, solutions containing radio-

active Sm and La at anti of ',7.2 were filtered 1,3,5,7,10 and 20 times

through double layers each of the cationic and anionic ion-exchange

filters. The results are shown in Table XIII.

TO estimate the minimeun number of filters required to achiev

optimum quantitative 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 tires. The experiment

is important from the standpoint of economics and ti-re. The less the

number of filters required the less the time it will take for the fil-

tration process and hence less expensive. rube results of such experiment-.s

are shown in Table XIV.

in addition to the above series of experiments, tracer solu-

tions of La and Ce adjusted to various pH ( pH 1 to pH 7) were filtered

through double layer of cationic filters and the radioactive on the top

and bottom filter as we IL as filtrate were counted and the efficiency

of the ion-exchanger at various pH determined. rite results are shown in

Table XV.

(6) Effectiveness of Freezing Procedure as a Samole Preserva-_

tion Step:

It may be worthoihile 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 parent source". Tradition-
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Table XIII:Variation of Per (tent Pickup with the flcaler of Filtratiark

Number of
Filtrations Filter

La

% Pickup 96 Pickup

1 LOp 98.63 99.18

Bottom 1.37 0.82

Filtrate

3 ilt-.)p 99.87 99.38

Bottom 0.13 0.62

Filtrate

5 rrt):E) 99.70 99.23

Bott-_-wit 0.30 0.17

Filtrate

7 Top 99.74 99.87

Bottoll 0.26 0.13

Filtrate

10 Ibp 95.96 99.60

Bottom 0.04 0.36

Filtrate

20 'Ibp 99.96 99.89

Bottom 0.04 0.11

Filtrate

** Resnit is the ave-acje of 3 determilv1LLo eceb.
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Table XIV: Effect-, of Ntccer of Filtrations and. NuTibe:,... of Filters on

the Pickup Efficiency of lon-Exchange. Vilter .

Number of
Filtrations

La Tracer

Single Eouble
Filter Filter

Sm. Trj

Single
Fi.L-Ler

Double
Filter

1 98.21 99.9 98.8 100.0

3 99.01 100.0 99.1 100.0

5 99.41 100.0 99.4 100.0

7 98,31 99.9 99.4 100.0

10 97.91 100.0 99.4 100.0

20 99.9% 100.0 98.66 100.()

100.0

** The radioactive Sun rind la are in cl;stiller.177ater matrix and

pH adjusted to 7.2.
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Table XV: Variation of Pickup Efficiency with Variatic)ns pIHP

pH
Sm Ce

Filter %Pickup % Pickup

1 Top 92.2 96.4
Bottum 7.3 3.6
Filtrate

1.5 Top 98.9 98.6
Bottom 1.1 1.4
Filtra':_e

2 Top 96.1 )8.9
Bottom 3.9 1.1
Filtrate

2.5 Top 100.0 100.0
Bottom
Filtrate

3 Top 100.0 100.0
Eottom
Filtrate

Tbp 100.0 100.0
Dottcc
Filtrate

4.5 Top 100.0 100.0
Bottc-t

5 Top 97.3 98.4
Bottom 2.7 1.6
Eli bate

6 Top 100.0
Bottom
Tiltre t a

6.5 Top 98.7 98.8

Bottom 1.3 1.2
Filtrate

7 Top 100.0 100.0
Botbm
Filtrate

* Distill Water Z.,TaLlrix.. ** Hot DeterLdned
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ally, the acidification of water samples is considered by many as "the"

way of preserving metallic ions in solution35. 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 from 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 solution is to filter and to a

acidify or otherwise prevent container surface adsorption in the field.

In addition, it is most unfortunate that a wide variety of solvents,

reagents and other materials encountered in trace analysis contain ex-

teemely high impurity levels of various elements37. TableXtrl will il-

lustrate the level of contamination 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 containers as well as desorption of inororanic constituents from the

suspended particulates. Indeed, it has been demonstrated by the Battelle

Pacific Northwest Laboratories and National Bureau of Standards 38,39

that rapid freezing of the samples provide a better alternative to chemi-

cal. preservation.

TO confirm the effectiveness of freezing as an acceptable sam-

ple preservation procedure, two approaches were employed; (i) Clean

neutron activated polyvials were placed into a one liter sample container



Table XVI : Trace Element Contents of Some Common Laboratory Solvents, Reagents and Other Materials

Zn Fe Sb Co Cr Sc ...(--.s ',.;.g.

."ar-z distilled 9.5 <0.2 r\,0.10 ',0. ',0 <10 0.0025 0.12 < 0.02
water

Double distilled '1,1 <0.2 <0.01 <0.02 '1,2 < 0.0001 < 0.01 < 0.02
..A.ater

Triple distilled r',., 0.5 '1.1 '1,0.02 <0.02 12 '1,0.0002 < 0.01 < 0.02
water

Nitric Acid 13 "-,2 '0.33 0.013 72 0.0007 <0.01 ,, n :,:-; 4

Double distilled r1.2 ^-1 "- 0.04 '1-.0.03 13 ", 0.008 <0.1 0.29
nitric acid

Hydrochloric Acid 22 `1,1 n
.

n,
.... ', 0.09 1.1 0.002 <0.002 <01

Ammonium Hydroxide 2.3 <0.1 <0.006 0.009 <0.04 < 0.0003 < 0.002 <0.1
Quartz Tubing 20 N.M. 58 7.7 225 0.10 0.29 <0.1
Borosilicate glass 730 280,000 2900 81 N . M . 106 < 100 < 0.001
Kimwipe Tissue 48,300 1000 16 ",)Z. 500 14 <0.1
White Plastic tape 2.94x105 N.M. 67,100 <5 TT ;4 84 < 50 '3 . M .

Scotch Magic
Mending Tape 1410 5130 33 6.1 <10 0.48 <0.3 < 10

Millipore Filter 2370 330 39 1.0 17,600 0.79 1.5 < 0. C5
Teflon 9.3 35 0 . 4 11.7 <30 < 0.004 <0.01 <0.0
P 1 e. x i g 1 a s <70 <140 <0.01 <0.05 <13 < 0.002 <0.06 <0.03
Polyvinyl Chloride

(PVC) 7120 270,000 2690 45 2 4.5 <1 <5

'" All concentration are in parts per billion (piDb )
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filled up with fresh river water and then frozen. (ii.) Radicective

tracers were mixed with fresh river water and then plated. in a sample

oontainer. The mixture was then frozen. The frozen solutions in (1) mid

(ii) were later thawed, the surface layers discarded and all the solu-

tion :removed. The solution in (1) eras filtered through double layers each

of cationic and anionic ion- exchange filters to pick up any radioactive

trace elements which fray have been desorlled or leached out from the vials

daring the freezing process. The solution in (ii) was removed, and the

seirpie container analyzed for any radioactivity it may have picked. up

du ring the freezing process. Heth expE.,,riment:s show little or no

evidence of such happenings i.e., trace elements being :Leached cut,

absorbed or desorbed during th.j.s freezing process,cfQes-tinc that freez-

ing is a good if not perfect way of preserving the :.:aroples. Ch the other

hand, the trace elemc.::nt content of the container are very lc.1,w and the

quantity leached out or sorbed/desorbed say be beyond the detection limit

and may contribute an insignificant arount to the "true" trace eleirent con-

tent even if all the leaching and/or sorption or desorption react: Lon did

take

In experiments performed to test the recovery of tracers/trace

eleirents in natural water, there were several difficulties. Firstly, the

filtration rate is extremely slow due to blockage of the ion-exchange

fi] tnrs and Nuclepore prefilters. It was decided to introduce a Ithatnian

filter which has larger pore size to sca-T-i cut the larger particu-

lates and thus minimize the blockage of the Nuclepol7e and ion-exchange

filter and thereby speed up the time needed for each filtration. However,.
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the introduction of such prefilters brought up additenal problems; (i)

How much of the dissolved species, will be retained by these refilters

and (ii) How much trace elercents will be leached out. f:ccai this filters

during the filtration process? To evaluate this, two ex9eriTents were

performed.; (1) 500 ml of fresh river water was filtered through neutron

activated Nuclepore and Whatman filters and any radioactive trace elewnts

leached out from the filters picked up by cation and anionic ion-exchange

filters . (2) 500 ml of fresh river water Was mixed with radioactive

solhtion of scue common cationic and anionic species present in natural

water and filtered through layers of cationic and anionic ion-exchanger.

The experiments resealed that the retention of radioauclides by the

prefilters is very small usually less than 1% and the amount of trace

eleNents leached out is neglicjible. Results of the experiments are shown

in tbie VII.

Additional laboratory study of the entire snoplincj and preser-

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

concentrations showed better than 95% recovery.

C. Field Studies

Basically, this phase of the research involves field studies of

the use of tracers to trace discharges from typical Willamette Diver

waste outfaliri aril to field teed: the conservative nature of the tracers

developed.

In order to employ the tracers chosen, it is necessary to

verity, first of all, the expected low levels of Dy and In in the Willa-
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matte River water and sedirents and obtain at the same tine "bael:-

ground" in-Formation on other major or minor elanents present.

Part of our "baseline" studies of the Willam:ette River in-

volves the collection of both bottom sediicnts and water samples fro,A

selected sites along the river. The selection of the various sites

is based on the following criteria: (i) Accessibility (ii) Proxialty

of location where substantial nugber of industries are located (iii)

Locations far enough dcwastream from each effluent source to allow

thorounh mi_xing",'°. Sites chosen for this study incluae waste out-

falls of paper and pulp mills, se-,3ra(:a and metallurgical processor

outfalls at various "urban" ares such as Eugene, Salem, Albany, and

Corvallis as well as "7:ural" area such as Ilarrisbrg, Peoria, Newburg

Independence and Wilsonville. A ocYpiete list of the sampling sites

involved is shorn in Table XVII. TheIaillaatte River (See imp 1) is a

relatively fast moving (',7 miles/hour) iredium size (A,100 ft wide, 12

feet deep ) river originating in the high Cascade mountains of Oregon

and flming north for alx:ut 150-200 miles through the fertile agricul-

tural lands of the Vdilamette Valley (Map 2) to the Colugbia River.

Also shown in Map 2 are the locations of sirjnificacit industrial outfalls

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

All sediment and sarq-;ling was done from a bent.

r waLer sarples were obtained by dipping a one-liter "open-

rcouthed" polyethlene bottle into the sLrearn. "Deep" samples. were

-L2c.en using a corcze:ccial mcssE:nlcjc.r-operaLEcl rj::ii.is;en type trace rriLai

water sampling bottle142 . The water t.or.verature and pH were mDasuyfed.
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Table XVII Sampling Sites

(1) Wilsonville 2: 2 miles dowstream of Clark's Marin,J, Wilsonville,

River mile: 39.50

(2) Wilsonville 1: 2 miles upstream of Clark's Marina, Wilsonville.

River Mile: 43.50

(3) Newburg 3: 2 miles downstream. of Newburg Boat Ramp, Newburg.

River Mile: 48.00

(4) Newburg 2: Newburg Peat Ramp Paper 11111 Otfall, Newburg.

River Mile: 50.50

(5) Newburg 1: 2 miles upstream from Newburg Boat Ramp, Newburg.

River Nile: 52.50

(6) Salem 4: 2 miles downstiem of Wallace Park Boat Ramp, Salem.

River Mile: 82.00

(7) Salem 3: Lagoon approximately 50 yds from Boise-Cascade Outfall,

Salem. River 84.90

(8) Salem 2: Boise-Cascade Paper Mill Outfall, 500 yds from Wallace

Park Boat Ramp, Salem. River Mile: 84.90

(9) Salem 1: 2 miles upstream of Wallace Park, Salem.

River Mile: 86.90

(10) independence 2: Half mite downstream of Independence Boat Larding

Independence. River Mile: 97.50

(11) Independence 1: One mile upstream of Independence Landing, Indepen-

dence. River Mile: 99.00

(12) Western Kraft Outfall: Western Kraft Paper Mill Outfall, 2 miles

downstream of Bryant Perk Ramp, Albany. River Bile: 118.20
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Table XVIOT Sampling Sites (continded)

(13) Albany 5: One and. quarter miles downstream of Bryant Park, Albany.

River Mile: 118.45.

(14) Albany 4: 3/4 mile dowtream of Bryant Park Pomp, Albany.

River Nile: 119.45

(15) Albany 3: 2.5 miles 1.-Pstream of Bryant Park Ramp, Albany.

River Mile: 122.70

(le) Albany 2: 5 miles upsteam of Bryant Park Boat. Ramp, Albany.

River Mile: 125.20

(17) Albany 1: 6 miles upstream from Bryant Park Ramp, Albany.

River Nile: 126.20

(18) Fischer Island! An.:roximately 1.8 miles upstream of Mary's River

Landing, Corvallis. River Mile: 134.

Peoria 2: 2 miles downstream from Peoria Park, Peoria.

River Mile: 140.90

(20) Peoria 1: 2 miles upstream of Peoria Park, Peoria.

River Mile; 144.90

(21) Harrisburg 2: 2 miles downstream of Harrisburg Boat Landing, Harr-

isburg. River Mile: 160.00

(22) Harrisburg 1: 2 miles upstream of Harrisburg Landing, Harrisburg.

River Mile: 164.00

(23) Fugene: Downstream of 7)Y_mitage Park Boat Ramp, N.E. of Eugene.

River Mile: 175.00



Yap T: Nap of Oregcn Showing the Locations of The Willamette River au6.

Yajor Population and industrial Centers :!_cng the River.
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YET II: Enlarged Map of The Willarette Valley Showing Various Sampling

Sites on The WillaTette fiver.( Numbers on the Nap Indicate the Act-

ual Locations whore Sediment and Water Samles were taken: see Table

I for detailed Description of the Various Sanpling Sites.)
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immediately after collectin of sarqples . No c.t.cHAical preservatives

were added to the samples but the sm,sles were kept iq a dark, c'ael

place and refrigerated upon arrival at the labortory. Scdimat

saaples were also collected at psints where the water sail:pies were

taken. iisiaple irEsseaser operated soc.x)p dred9e was used for this

purpose. The sedircents obta*ned were ilae.:l.iatev plaeed in preclaaned

polybottle and than transported to the labortory where they were

refrigerated prior to analysis.

In actual tracer field studies, the tracer solution was

injected continuously into the river via a hol.:ade battery operated

peristaltic pras with a constant injoetion rate (typically 1-2 ml/sec)

and controlled by a built-in on-off titer. (See Figure II )

The tracer in was tvoically performed at or neai- the river bank

to simulate the dumping of sewae and/or pollutants into the river.

Three separate field tests were conducte(7

(i) Freeway Lake E:Teriment (ii) Willamette River Experiment I and

(iii) Willamette River Experiment II.

(i) Freeway Lake Exoerimnt: Freeway Lakes consists of three

adjoining lakes connected to one another by narrow channels. They are

located approximately two miles south of the City of Albany and ri(Tht

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 obvious outlet and constitute a quasi-dynamic system. Fresh-

ly prepared DryDTPA tracer was "spot" injected into the smaller lake

(Lake I) and samples taken from the three lakes on the saile day, one
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two, three and fifteen days from various rep:cesentative points of the

three lakes. Result of these exoeriments are she.n in Figures III,IV

and V and Table XVIII. The primary purpose of this e)T,,eriment is to

test the conservative nature of the tracers in actual field situation,

because the laboratory experiments performed on the same tracer lack

many of the natural 'ingredients" present in the lace e.g... vegetation

that may adversely affect the behaviour of the tracer.

(ii) Willamette. River Experimr..::nt I: This ex-periment was

carried out in an open, flowing river and was nerformed to test not: cely

the tracer stability but also water sampling logistics, i.e. coordinating

time between injection and sampling etc. The tracer was injected at a

constant .cate and kno.,A1 concentration Ter a period of 1 how: 20 min.

using a peristaltic pump (See Figure II ). The injection was perforicd.

at the bank of the Peoria Ci.tyP,oat Ramp and was intended to simulate

the clumping of sewage/pollutants by diffuser into the open river. Sam-

Dims were collected in Corvallis some ten miles

rilo establish the tracer arrival time at the sampling sites

Cognstream, current river discharge. data ( obtained from i'Mq.Water

RE:SOUrCe6 Data Center, USCS, Portland. OR. and U.S.Army Corps. of

Engineers; Portland, OR.) coupled with information from the U.S.G.S.

Hydrologic Investigation Atlas MIA-273 was usedi'3. Prior to the pre-

dicted tracer arrival time, "blank" background water samples were taken

.fet.oi-a a em all motor-driven boat at various horizontal and longitudinal

nositions along the river at too depths, a "surface" depth and a "deep"

sample taken at 0.6 x the depth of the river. The river depth was

measured by means of a"water ruler" (See Figure VI) and the sample
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Table XVIII: Freeway _Lakes Tracer Stabilit- Experivent Concentration

Profile *

Ti.me (Day) Lake I** Lake II* Lake 11J* *
% Tracer
Paillaining

Che Mass of 16.32g 2.88g Negligible 96%
Tracer

Average
Concentraion 189 + 5 ppt 25 + 7 ppt Negligible 80%

Three Mass of 3.27g 3.80g 8.93g 80%

Tracer

Average
Concentration 38 +. 1 ppt 33 + 1 pat 31 + 1 pp-L.

Fifteen Mass of 2.38g 4.23g 9.28g 79%
Tracez

Average
Concentration 28 t 1 38 + 1 ppt 33 + 1 ppt

* Initial azount of Dv as DyDTPA added + 20.0 g

** Lake 1,11,111 represent lakes with area of 7, 94 and 21.5 acres

respectively

Mass of tracer in earth lake is estimated by gultipling the average

concentration by the a:cea estiwated depth of each lake, All

conoantrations are in ppt ( parts per trillion )

Average concentrations reported are the weighted averages.
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Figure III: Freeway Lakes Tracer Stability Field Tests Concentratin

Profile (First DLy)
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Figure IV: Freeway Lakes Tracer StDbility Field Tests

Concentra.tion Profile (Mira Day)
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Figure: V Freeway Lakes Tracer Stability Field Tests

Concentration Profile (Fifteenth Day)
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sizes were typically 500-1000 ml. Sampling c':mcecmll about an hour

earlier than the predicted tracer arrival tiTe and the samples were

taken at an interval of five minutes each.

(iii) Willazette River Experiment II: This experiment inol-_ _ _
ves the continuous injection of the tracer solution into the final eff-

luent tank of the Llbony m.2:.nicipal sewage treatment plant before being

discharge into the Willamette River. The effluent tank is located about

half a mile fron the bank of the Willamette River. The Turpose of the

experiment is to car4:)are the behaviour of the tracer and any signifi-

cant trace elements emitted from the outfall. Sanpics were taken at va-

rious points at various timE.,_s downstreamfaxa the outfall. :Results of

these experirents are shown in Tables X YiXIV and =7.

D. Sa_role Preparatiens.

For water sample::, prior to analysis , the surface layer v:13

thawed and discarded to eliminate any surface centeT::d],T,ns that may

leached out fran the container. The sample wan then melted and filter-

ed through 0.45 micron Nue'Lel-ore filter to collect the suspended i,L.0-ti-

culates. The filtrates ,Jere then filtered through anionic mac cationic

ion-exchange filters, 'thus separt:t:ing the original water samples into

three different components: (a) Suspended particulate-. Co) Dissolved

anions and dissolved cations. The entire saa)linu and analysis proce-

dure is summarised in Figure VII.

Sediment samples were also oallocted at points where the

water samples were taken as pointed out earlier. In general, the sample
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Figure: VII A schematic diagram of the sample collection and analysis
procedures.



were treated as follows:

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

(2) Dried sediments then crushed into coarse grains using a.

"Jaw Crusher" and then into fine powders by using a somi-5-ticro "Pul-

verizer".

(3) Pulverized sedinents were sieved through a 48 mesh or

279 micron sieve.

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

and then cooled in dessicator before weighing.

F. Sample Analysis:

The requirement of accurate precise and rapid analytical

procedure for the ea-:aoLination, identification and measurement of pollu-

tants in water and waste samples is a dirficult and challenging problem

in analytical chemistry because the pr1iuLants are present in extroemly

low concentrations relative to the substrate. Table XIX . provides an in-

teresting comparison of some of the more comrocnly employed analytical

techniques J. However, none of the techniques provide complete answer

to the large variety of problems involved in trace analysis. The meth(7)d

that allows the determination of the largest nu-ober of elemental concen-

trations in the most eorplex matrices will be the most powerful.

In this work, instrumental neutron activation analysis (IN2V)

was used to detexlaine the elemental abundances in sediments, suspended

particulates, dissolved cationic and anionic species because of it super-

ior sensitivity (See Table Y,-() ixeedom from contanThation , non-destruc-

tive nature and a7s)licable to a wide variety of matrices without any



Table XTX: an,-Iparison of Analvtical Technig,ues for Pol]xtants

Technique Advantages Limitations

Atomic absorption
fluorescence

Mass Spectrometry

Atomic Emission

Neutron Activation
Analysis

X-ay fluorescence

Anodic stripping
Voltammetry

Applicable to more than 60 elements
spectra aPd instrumentation

Sensitive
Rapid
..u.itielement technique

Excellent sensitivity
Plasma source promi ses rapid analysis

Llutie7Pment analysis fnasble
Sensitive
Rapid
Plasma source eliminates most chemi-
cal inte,-feYences

Simultaneous multielement analysis
difficult

Specialised sample preparation tech-
niques for spark source
Plasma source still jn development
phase
Flame sources have significant matrix
effect

Freedom from contamination Total time for multielement analysis
Excellent sensitivity for some elements may be long
Applicable to a wide variety of matrices
Direct examinatie:: often fnasible bimited sensitivity
May be nondest:ructive Particle size effect must be careful-
MultielemenL technique iy controlled.
Rapid.

Simple technique and equipment Not suitable for a wide range of
Excellent sensitivity for some elements elements



Table xx Com-:.7j Eon oi 1-,y ?:-(rt Analysis
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ancl Spectrochc

Netron
Acivation

Methollb.
Spetrochelnic;:_l

Copper DC

SDarb Pc-c

Methods
Fla;,,

Pliotometrl

N,A 0.00035 0.1 20 0.0002
Al 0.00005 0.1 0.2 20

Cl 0.0015
K 0.004 0.1 0.01
Ca 0.19 0.1 0.03
So 0.0001 0.005
Ti 0.1 0.1 2

V 0.00005 0.05 2

Cr 0.01 0.05 2 1

0.00003 0.02 0.2 0.1

Fe 0.45 0.5 0.2 2

Co 0.001 0.5 10

Ni 0.001'5 0.1 4 10

Cu. 0.00033 0.2 0.1
Zn 2 20 2000

Ga 0.00235 1 1

0.0001 5 10
Sc 0.0025
2,r 0.00015
Ph 0.0015 0.2 0.1

Sr 0.03 0.5 0.1

In 0.300005 1 1 1

Sb 0.0002 5 4

Cs 0.0015 0.5 1

Ba 0.0025 0.1 3

La 0.0001 0.05 5

Cc 0.005 0.5 20

Sr)_ 0.00003 0.2 100

Eu 0.0000015 0.02

Tb 0.0002

Dv 0.0000015 0.5 10

Yh 0.0001 0.1

Lu 0.000013 2

Hf 0.00). 0.5

Ta 0.00033 1

77g 0.0065 5 2 100

Pb 01 0.05 0.2 20

is 0.0005 1 10
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elaborate sample preparation.

The suspended particulates from the water samples, were collect

ed on tared Nuclepore filters, dessicated to constant weight and than

reweighed to obtain a gravinretric analysis. The weighed filters are then

pelletized and then encapsulated in plastic irradiation vials for neutron

activation together with appropiate elercntal standards of interest. Simi-

lax sample preparation procedure was applied to the ion-exchange filters.

Approximately 100-150 Ittg of sedintent Fer samo:le was used. The

sarrples were encapsulaLec7 in precleaned polyvials (See Ap;::tendi X II) and

then reutrcn activated .

(1) Instrumentation: The gamma ray spectrometer used in this

wart consist of a Nuclear Data 2200/4420 3aultichanne.1 Analyzer coupled

with a 40/60 c. c. Ge (Li) detector. Prior to all sample analysis, the

spectrometer energy calibration was estabLLshed using a point source stan-

dard such as the ITB.S-SFY 4216Fi iL.XE aadLonuoli.dc Gal 7z,a-Pay Etaission Fate

Point Source Standard with cfa7t-tria ray energies spanning from the .008 her

y-ray of Cd-109 to the 1.836 Yev -v-ray from the decay of Y-88.

(2) Neutron Activation Analysis: The sequential activation

procrdurc etTployed to rtteaure the elemental contents of the various sam-nles

is sctinoarised in Table XXI. Typically, the samples and standards were

irradiated for 4/5 minutes in the pneumatic terminal or "rabbit" system

of the C$U Tricja Reactor- for the determination of short--lived radionuclides

such as Al,V,Ti etc. 7\ Eter irradiation, the samples were transferred to

natr clean counting vials and counted. after an appropiate cooling period

of 3-5 raLlutes. Using such short irradiation procedure, approximately 10
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Table XXI: Sunuriary of NeuL Ken Activation P ocedure:

Product al,. measured

Element Radionuclide Half-Life. * Delay Time Count Time

Al Al -28 2.241 m 3 - 5 m 300 s '778.9
V V-52 3.77 1434
Ti Ti-51 5.80 319.8
Ca Ca-49 8.80 3084.4
Mg ;.4g-27 9.46 1014
Cl C1-38 37.094 1- 2 h 900 s 1642.4
In In-116m 54.101 1097 (417)
ha Ba-139 1.42 h 165.8
Dy Dy -165 2.334 5 6 h 94.7
Mn Mn-56 2,58 846.6((1810)
Sr Sr-87m 2.81 388.4
Lu Lu-176m 3.69 88.4
Eu Eu-152a 9.30 121.8 (344.3)
K K-42 12.401 1- 2 d 1- 2 h 1524.7
lai Zn --69m 13.80 438.7
Ga Ga -72 14.10 629.9 (834)
Na Nn. --24 15.00 1368.5
W b- 187 23.899 685.7
As As-76 1.096 d 657.2 (559.1)
Br Br-82 1.47() 776.5
La La-140 1.675 1586.4
Sm Sm-153 1.933 103.2
U Nu-239 2.350 228.2
Sb S1, -122 2.72 563.9
Lu Da-177 6.710 209.4
Rb Rb-86 18.60 2 3 w** 10-20 h 1078.8
Th Pa- -233 27.00 311.9
Cr Cr 51 27.7 320
Yb Yb -169 32.00 197 (177)
Ce Ce -141 32.50 1/.5

IIF hf181 42.50 482
Fe Fe-59 44.60 1099 (1292)
Ni Co-58 71.30 810.8
Se Sc --46 83.80 889
Ta Ta-182 115.00 1221
Se Se-75 120.00 264.6
Zn Zn 65 244.00 1115.5
Cs Cs-134 2.06 y 605 (796)
Co Co --60 5.26 1173.2 (1332.5)
Eu Eu-152 13.20 121.8 (140:.), )

et. al 'A Chemist's Gamma Ray Table", LBL-6516, UC-34C,1977.

**m = -minute, s = seconds d,= h hours, w = = year
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to 13 elements can he determined- After a delay of about one viA, the

sairoles together with fresh eluir-_,ntal sti-..aIdards were reirradiatcd in

the rotating rack of the O:1.1 reactor for a. period of 1-6 hours. Alter

cooling for 1-2 days , the samples were counted for 1-2 hours and then

recounted for 1.0-20 hours nfte an additonal delay of 2-3 weeks. Suc-21-1

Sequential counting provide half--life checks for most radionuclides

and all the half-lives rneasured agreed within + 10% of the accepted

va1ues46 and abundanc...es calculated from successive counts usually.

Eareed within statistical counting error.

in addition to tie "norre-rnad..3" corrpesi.,t3 elarental st-an,qards,

standard reference materials such as NPS-SE&I 1571 Orch,:.C.Cd T.Qa',7F-'S 1+7,

NI3S-SP,.1 1632 Coal 4b, NBS -Sim 1633 Coal Fly .Eh LI were irradiated and.

counted under identical conditions as the see pies being analysed. Use of

these 1'.173E; standards can provide checks on the accuracy and precision

of this work. The elemental abundances of various standard reference

materials irea:_Tared in this work agreed well within experimental errors

with the accepted NBS and literature 50 vaires. Our results and the

NBS or literature values are surhwu:ized in Tables XXIIXXIIT and XXI:V.

A further ensuranc..e was provided by the results of the "round-

robin" intercenparison run for the determination of trace elements in

soil sax:pies sponsored by the Interrational Atomic Energy 15genoy51.

Again our results as shown in Table XV ea-Tared very favourably with

the reported values and this provide us confidence in the reliability

of the technique eilQloyed.

By irradiating and counting both the samples with a standard
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XXII Elen, 1 ii dances in Lr;

El eP AU,

ET-3S

Thi,-; Po

0.04 + 0.01
316 + 4_

2.17 + 0.22
85 + 1

1.4G + 0.01.

91 + 3
46 + 1
27 + 1

2.9 + 0.3
13 + 1

0.99 + 0.03
1.27 + 0.01
0.20 7J- 0.01
0.076 + 0.001

12 + 2

0.13 + 0.04
0.064 + 0.002
0.036 + 0.002
0.031 + 0.013
9.15 + 0.04

0.050 + 0.001,
0.033 + 0.009

3.6 + 0.2
0.007 + 0.001
0.0038 + 0.0010
0.011 + 0.005
0.023 +_ 0.008
0.086 + 0.005

38 + 5
717 +_ 05

--S R,1 157 -..Or chard Leaves

This Work /NliS

0.93 + 0.23
1.05 ± 0.07
1.04 + 0.11
1.04 +_ 0.10

0.99 + 0.02
1.00 + 0.05
1.05 + 0.02
1.08 + 0.14
1.12 + 0.17
1.03 + 0.12
1.10 + 0.03
1.21 + 0.01
1.00 + 0.01
1.17 + 0,02
1.20 + 0.20
1.30 + 0.40
0.98 + 0.05
0.97 + 0.05
1.24 + 0.52
0.92 + 0.01
1.2S + 0.03
1.14 4' 0.37_
1.24 + 0.15
0.70 t 0.10
1.15 + 0.30
0.85 + 0.32

+1.09 0.38
1.08 + 0.15
1.15 + 0.15
1.04 +_ 0.09

NBS & Biteratureo.

Al (3)

,e (%)

Ca(%)

Na (ppm)

K(S)

Me (ppm)

Ba
'in

Cr

Rb

Ce

La
Co

Sc
As
Sm

Th
Hf
Yb
Br
Cs

U

Sb
Ta
Lu

Tb
Eu
Se

Sr

CA

0.043
300 + 20

2.09 + 0.03
82 + 6

1.47 t 0.03
91 -F 4

(44)

25 + 3
2.6 + 0.3
12 + 1
0.90*
1.05*
(0.20)

0.065*
10 + 2
0.10*

(0.065)
0.037*
0.025*
( 10 )

(0-040)
0.029 t 0.005

2.9 + 0.03
0.010*
0.0033*
0.013*

0.023 + 0.0*21

0.00 + 0.01
33*

(690)

Grand Average = 1.07 + 0.13

a. NBS Certificate of Analysis, SRM 1571 Orchard Leaves, August,1976.
Morrison G.H.,Nadkarni,R.,'Multielement Tnstrumental Neutron
Activation Analysis of Biological Materials", Anal.Chem. , Vol.45,
No.11, 1973.
Goldberg,E.D., "Strategies for Marine Water Pollution Monitoring ",
Wiley Interscience,N.Y. 1976.

* Certified NBS values are indicated by asteriks,values in parentheses
are uncertified NBS values. Unmarked values are literature values.
All concentrations are in ppm (microgram/g dry weight of sample)
unless otherwise specified.
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Table .111 Nt, ,L.,,r_d<,_d

NPS-SRv, 1632-CUL

Al(%)
Fe(%)
Ca(*)

Na
K(%)

Ti
.5,in

Ba
V

Zn

Cr

Ni
Pb

Ce

La
Co

Sc
As
Sm
Th
Hf
Yb

Br
Dy

Cu

U
Sb
Ta

Lo
Tb
Eu
Se

Zr
Sr

Hg
Cl

This 7.;or% N82 Li.L:32.--at.c,re 1,71,..IrkjEBS

0.94 4 0.07_
1.03 + 0.06
0.94 + 0.16

__

0.93 + 0.05_
1.00 -;- 0.13_
0.90 +. 0.22
1.05 + 0.00_
1,01 + 0,13_
0.97 1- 0.12

__

1.60 + 0.15
1.04 + 0.05
0.93 + 0.21
1.05 + 0.11_
1.02 + 0,09
1.05 + 0.13__

1.05 + 0.07__

1.08 + 0.10
1.02 +_ 0.16
1.03 + 0.12
1.03 + 0.09_
1.04 + 0.08
1.17 T.0.17_
0.93 + 0.19_

-----

1.20 + 0.11_
1.04 + 0.17_
1.00 + 0.1L-2)

__

1.04 + 0.19
__

1.00 + 0.10_
1.17 + 0.29
1.06 + 0.28
0.97 + 0.20_

-----

0.93 + 0.21_
1.08 + 0.38_
0.99 + 0.26

1.73 + 0.05_
0.93 + 0.04
0.45 + 0,06__

383 + 12
___

0_28 + 0.02_
986 + 232
42 -+- 1

__

356 + 33__

34 + 3
37 + 4

___

21.0 + 0.8
__

14 + 3
__

22 + 1

19.9 + 1.5
11.2 + 0.6

___

6,3 + 0.4
4.0 4 0.2

___

6.0 -IL 0.7

1.75 0.04
3.3 + 0.2

1.00 + 0.06_
0.82 + 0.01_
18.0 + 3.1_
1.27 + 0.04
1.68 + 0.10._

1.45 + 0.21
3.9 + 0.8

0.25 + 0.02_
0.14 + 0.01

___

0.27 + 0.03_
0.34 + 0. CB__

2.8 + 0.5__

35 + 11
150 + 30_
0.13 + 0.04
885 + 200_

1.85 -2- 0.13
0_87 + 0.03*
0.43 + 0.05
414 11. 20

0.28 -, 0.03_
1100 + 100

40 I- 3__

352 + 30
_.

35 1- -.)
___

37 + 4*_
20.2 + 0.5*_

15 + 1*
21 T 2

10.5 :I_,_ 1.0

10.7 + 1,2
(6)

3.7 4 0.-i

5.9 i 0.:Yk

1.7 t 0.2
3.2 1-_ 0.2

0.96 + 0_05_
0.70 + 0.10

__

19.3 + 1.9_

1.40 + 0.10__

1.40 4- 0.10
___

3.9 + 1.3__

0.21 + 0,04_
0.14 + 0.0;
0.23 + 0,05_
0.32 +_0.01
2.9 + 0.3*_

161 + 16
0.22 + 0.02
890 + 12r,

__

AverELT, = 1.02 0.07

a. mn3 Certificate of Analyis, SRM 1632-Coal, !arch,1977.
Corden,C.E.,et al 'ElDrntal Concentrat.iens In 1,7: Envirol-rmntal
Coal and Fy Ptadi eernc terials"nal.Cn.Vol.47, e ,

No.7, June 1975.
* Values in asteriks are certified WS valuer. Value in 172.ren14-,se

are noncrtified, NBS values.
All values are in ppm (m1crogram/g dry weight of sample) unless
indicated otherwise.
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Table XXIV :Elemental Abundance in NES Standard Reference Materials

NBS -SRI 1633-Coal Fly Ash

Elem:mt

A1(2.)

Fo(' >)

Ca(%)

Na
K M
Ti

d
Da
V

Zn

Cr

Ni

Rh

Cc

LE.

Co

Sc'

As
Sm
Th
HE
Yb
Br

Dy

Cs
U

Si)

Ta
Lu

TI,

Eu
Sc:

Zr

Cl

This Work N:ES Literaturea This WoIk/NBS

1.04 + 0.04
0.'1;7 0.05
0.89 + 0.16
1.06 + 0.14
0.91 + 0.03
1.18 + 0.20

0.89 + 0.02
1.02 + 0.09
0.92 + 0.07
0.90 + 0.14
0.96 -+ 0-02
1.16 + 0.06
1.05 -1 0.14
0.96 + 0.10
1.00 + 0.03
1.03 + 0.02
0.93 40.05
0.97 + 0.09
0.95 + 0.07
3.02 1- 0.02
0.96 + 0.08
0.91 + 0.39
0.83 + 0.29

1.00 + 0.13
0.9C 4 0.06
1.01 + 0.09
1.00 + 0.20
1.00 ; 0.10
0.95 + 0.22_
0.95 + 0.16
1.03 + 0.08
1.00 + 0.09
0.95 -F 0.30

13.2 + 0.1
6.0 + 0.1
4.2 t 0.5
3395 + 24
1.57 F 0.06

8750 + 1400
437 + 8
2760 + 126
196 + 14
189 + 22
126 + 1
114 + 5
118 + 16
140 + 1

...

82 + 1
39.2 + 0.8

25 + 1
59 + 2

11.8 + 0.1
24.5 + 0.A
7.6 + 0.5
6.4 1 0.3
10 + 1

10.25 F 0.17
8.6 1 0.3

11.1 + 0.7
7.0 + 0.1
1.8 + 0.3
1.0 + 0.1
1.8 + 0.3
2.4 + 0.1
9.7 + 0.5
300 + 18
40 + 8

12.7 + 0.5
6.2 + 0.3
'1.7 + 0.6

3200 + 400
(1.72)

7400 + 300
493 + 7*

2700 + 200
214 + 8*
210 + 20*
131 + 2*
98 + 3*
( 112 )

146 F 15
__

82 4_ 2

(38)

27 + 1
61 + 6*

1 2.4 + 0.9
(24)

7.9 4 0.4

7 1 3
_

12 + 4
--__

8.6 + 1.1
11.6 + 0.2*
6.9 + 0.6
1.8 + 0.3

1.0 + 0.1
1.9 + 0.3

2.5 + 0.4
9.4 + 0.5*
301 + 20
42 + 10

Gram? Average = 0.98 + 0.07

a.. NBS Certificate of Analsis,SRM 1633- -Coal Fly Ash, Oct. ,1974.

GoLdon,G.E., et al. , "Elemental Concentrations in the NBS Environ-
mental Coal and Fly Ash Standard Reference Naterials", Anal.Chem.,
V01.47, No.7, June,1975.

* Numbers in asteriks are certified NBS values, values in parentheses
ars noncertified NBS values.
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Table xxv

EJ-,ent*

A1('

Fe(%)
Na(%)
K (%)

alN
Mn
Ba

Cr
Pb

Ce

L,I.

Co

Sc

As

Ss
Th

FF
Y-,

8r
Cs

D
Sb

'Fa

Lu
,ri,

Eu
Sr-

.,r

Elemental AbundaneG

Tnis l'ork

8.12 40.01
4.85 + 0.02_
1.91 + 0.06

___

1.86 + 0.20__

0.42 + 0.01
935 + 13__

596 + 66_
30.9 + 2.9_
113 t__ 7

52.4 + 0.3__

31.1 !- 2.1_
15.7 + 0.66
15.8 4 0.10

__

118.9 4 4.0_
4.23 + 0.01
12.4 7 1.4

_

6.7 i 0.29_
2.61 :- 0.20
7.51 _1.10

56.8 + 1.4
._

5.2u + 10.0
15.9 ' 0.6_

0.760 + 0.063_
0.405 + 0.,")10

0.510 + 0.0).)
1.13 + 0.03_
1.50 + 0.20_
411 + 27_

in IP,EA Soil-5'+ 1-1::,.trials:

This Work/IAEAIAEA Valus

8.19 + 0.28__

4.45 + 0.19__

1.92 + 0.11__

1.86 + 0.15_
(0.47)

852 + 37
561 + 53_
28.9 + 2.8__

133 + 7
59,7 7- 3.0

28.1 + 1.5
14.8 + 0.76__

14.8 + 0.06__

93.9 + 7.5
5.42 + 0.35__

11.3 + 0.73_
6.3 + 0']

__

2.24 j- 0.''0

5.4 + 1.0_
56.7 A 3.3__

+3.04 0.51__

11.3 + 2,2_
0.761 1 0.056__

0.336 0.04;
0.665 + 0.075

___

1.18 + 0.08
(1.4)

(330)

1.03 + 0.04_
1.1)9 + 0.05

_.

0.99 + 0.06_
1.00 + 0.11

___

1.02 + 0.02
1.0) + 0.05_
1.06 +0'l5
1.07 + 0.14
1.0 10.02
0.88 4 0.04__

0.01.11 ! '3
___

1.o6 + 0.07__

1.06 4_0.05
1.26 !- 0.11

0.9 + 6.65
1.09 + 0.14
1,0,5 4 0.07
1.17 + 0.1d
1.39 f 0.33
0.99 4 0.06
1.71 + 0.32
1.11 + 0.13
1.01 + 0.18
1.20 + 0,16__

0.92 + 0.17
0.96 + 0.06
1.07 + 0.14__

1.24 + 0.08__

Grand Average 1.09 + 0.17

* Al] concentrations are in ppm ( nicrograms/gram dry weight of sample)

unless otherwie indicabc:d_
internationa1 Atomic Energy Agency intereomparison run Soil-5 for

the determination of trace elements in soil, IAEA/R1/46, Jan.,1978.

Values in brackets are information values only.
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under identical opnations, it is possible Lo quantify the concentratios

of any elei--tnt present. in the unknown sal:ples. The basic (:,..luatic..)n for

quantitative activation analysis is: 52'33'54

W ( of 6.02x1023 e-Xt})

where w = weight of the element

A = induced activity at FOB (D-Ka of Poirbardment)

= Neutron Flur in neitrons/cm2/sec

a = Thermal neutron capture cross-section in barns

f = Fractional Eibn-Idance of the particular isotope of the element-

COn

Docay constant of the induced radionuclides

t = Irradiation time

= Atomic weight of the element

The weic:jht of the element of interest can then be detcrroi.ned

as follass:

Weight of Element in Unknown , Activity of Element in Unknown

Weight of Element in Standard Activity of Element in Standard

It would of course necessary to rake 01)pr-opiate decay correc-

tions, background corrections and other interferences.

In certain environifental sarcples, interferences from radionu-

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

the Triga reactor occur and soimErtimes are quite imix)rtant. & significant

Correction factors must. be deterained in order to produce acc...:urate and

unarcfniquous results. Enarrptes of sorwe of the more prominent and cosmon

interferences encountered in environmental analyses are shown in Table

XXV.



Tabl xx-\ : COMIK)I1 GaTr.ma Ray Counting Interterences Encountered

in EnvirorTental :Analyses:

Radionuclides

152mEu

177Zn

74Se

64 Cu

203Hg

27mg

24Na

27Al

561n

E (key) Interferences

121.8 152Eu(121.8 key)

1115.5 45Sc(1170.5 key)

182Ta (1121 key)

264 182Ta(264 key)

511 All positron emitters

279 75Se(280 key)

1014 27A1 (n,p)27mg

30Si(n u)27nj

1368 24mg(n,p)24Na

27Al(0)240 a

1778.9 22 si (nrp) 28.za

p (1, )28j

846.9 56Fe(n,p)56Yh

or 1810 59C0(n,a)56P;:h

65
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.AND DISCU.3T(i

(1) irficiencv of lien Exc.-.11=c FiL::er 'japer as a precon=.-

tration podium for disolved/tr.acer snecjeF; in river water.:

Pasults of laboratory experiT.:entl:; performed to evaluate and

validate the effectivenes .ion-exchang filters as rood and effici-

ent preconoaatratien nedium for dissolved and/or tracer species are

shchn in Tables VI and VII.

Exanination of the data in Tab VII shoe that cuantitalt..a

recovery of most dissolvcd sc:ccies is achieved in 1.:ost instances by the

use of cationic filters. The inclusion of anionic filters boos!-s the

overall recovcery Co over 90% cas brine,:I.1 out an m::or LI-

ant aspect of .th(e nature of oLe ilced. sp-reciation of dissolved ions in

the natural water system. It is presuLptuous and en:cher:xis .to oeme

the dis:Joived. ions e;:ist. in certain st7ate cLion in/miJnlc/rieLThraL)

without detailed and intimate knowledge of ;The c.:hemie.).1/211ysical envir-

onment and pang:neters such as the pH, presence of dissolved organics

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

beings of the dissolved s-:-.2erdes. 55,56,57,5 8 it is therefore i.i.,lerative

in quantitative trace analysis to include both anic;nic and cationic

exchangers. Extensive sndies of the uses of ion CNICThlial filters had

been carried out by Cap.ipbel159 60,61, 62- et al. nowasier, , their studic,-;

were mostly carried out in distilled water and at pH (1-7) which do not.

reflect. the "real" situation. For example, no cons ic.Tri?:L ion was given

to the presence of alkali salts and/or C.hl_ating substz.n-ick.=.s vhic1-1. may
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adversely affect the collect -ion efficiency of the desired ions as v. nil

as the state of the dissolved sT-iecies.

Nelson at al. , haon. sh04n that radionuclides of Zn,Sb,Sc

and lb in the Co luTbia liver are distributed ari:ong particulate materi-

als, cationic, anionic and uncharged in true splution as shcwn below:

Distribution of CheDical Forms of Zn,S1),Sc S in in ColuMbia.Piver

Element

Per Cent Soluble Fraction In

Cationic Anionic Uncharged

Zn 83 12 5

Sb 0 16 84

Sc 79 17

51 48 43 10

There is also considerable evidence that eler!--ant such as

Cu,As,Fe,Co,Cr etc: , are 1)0es7.-nt partially as Si: j2:,:a: omi.c cc-4aexes

in water. 5 58, 57, 58.

In our study, the pickup efficiency of SI) by the cationic and

anionic assembly is very poor and that suggests Sb may be in the neutral

form and not aft ated or picked up by the ion e):chancjer rtn, hummer, in

found rostJy in the cationic form, similar to the findings of Nelson r"3

et al., as sheen above. Sc behaves directly opposite to that found by

Nelson and exists costly in the cationic form. It is difficult to com-

pare the two sets of data which may reflect very dl.Fferent environmental

history.

The pickun of the In and Rare-Earth DIPA dhelates by the an-



ion.--xharce tisf;:Lct.0.17 70:.* C.7.

TI.) sn.ewn Ly (tlatu of T-abje of

nu-1 is ti-,,an that in (tH'-i This

dulc! to (-11 1.7.,Y.eenr.c. or= fore;(..s.,]. I 2CI q.1.1e

-play s,..DY..7y21:

tbs2 by tT Yhe

aze deco;:e.s;ed. 7nd rct.o] Tic ions
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in Wc-.):Cer., Dpite tho ELLC i.00c levary effici_enoy in t''n natio:cal

iroty._i, the of tne 11 --\;.c

I i -fin (---90) in rsoo t. cal7,a; orecon-

oeflATaticn mdia for th

Table VI

to Le: ey.-o.n.4.t. (.2-*,..Lat., Tan,, ot

1% of the 1j, In and REZ, fadied to he chelate

henco p17.-..k2d no by tlge ion -,1.2NVi-Ka P throu,fn an

ic filters :ho. ei -hut. -9.9% of ale pjced

and t1:1..reby itSi L tbs rof..ults ob!-:aincd c_J- cationic icn-

exch-JT.oe filters. T'L-1 rctmtio-n of the che10 ni on. tx anionic

praivi(e:.,3 an 1.711cation of the &Ui it of to IerKpvcr Vie

ch..21at!.s (110,7eNar, so.cb. results ITT he

vere prepprn.r.,d (11.stiilc±1. anq horco he of car.rstJng

1_):-7:ssent VI': on i. hese corr..1-;...-L..in Lx:

for t'ie and thus 6i:.-.!Lroasir.:,:.
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nuy o:/noete for the ion -e,-change sites, thus decreasing tne ou.antity

of chelate picked up by the ion-exchanger. Also presence of other

chelating species may cause the breakdown of the Dy and In ohelate.)

(3 )Time Denendence of the Tracer Stability under simulated

river conditions:

Cne of the main criteria of a "good" tracer is that it should

remain in solution and resist losses due to precinitation, sorption etc.

Pesults of prelimdna/y laboratory experiments performed to test the

stability of dhelated tracers under simulated river conditions are

shown in Tables VIII,IX,X and Figures VIII,TX and X. The experiment

was also repeated for unchelated Dy and In solutions and the results

are shown in Table XI and Figure XI.

Several general conclusions follow immediately from these

experiments (1) Chelation with DTPA greatly imoroves the solution

stability over simple ionic farm in all cases. Unchelated Dv and In

suffers substantial losses after a period of eight days, with approxi-

mately 70 and 38 per cent of the original tracer :remaining in soiution,

respectively. Chelated tracers, on the other hand, tend to be more

resistant to decoposition/sorption/hyd/olysis/Precipiatation reactions

etc., and more than 957 of the original tracer remain in solution aft-

ter a period of eight days. (2) Sorption of tracer to suspended par-

ticulates present on unfiltered river water was negligible compared

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

to the small Quantity of paAticulates per unit volume of natural water



FIGURE VI 11: TIF PEPENDFNCE OF TRACER STABILITY UNDER SIMULATED

RIVER CONDITIONS I (UNFILTERED RIVER WATER )
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FIGURE IX: TIME DEPENDENCE OF TRACER STADJ, ITY OER SITI1JVIE)

RIVER CONDITIONS II (FILTERED RIVER !YAIER)
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FIGURE X 'TIFF DEPENDENCE OF TRACER SAABILITY UNDER SITliULATED

RIVER CWDITIONS III (SEDITST + UNFILTERED IIATER)
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FIGURE XI; TIME DEPENDENCE OF TRACER STAIALITY

UNDER SIMULATED RIVER CONDITIONS
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a..)iroared to the large ar.alt of bottam sedilir-nts used in these tests.

(3) Siam le ionic forms Ey end In are rapixlly rerroved by sorption

onto sediments and/or precipitatien due to hydrolysis etc.

Our initial worry that SOlf12 dissolved species such as Fe (III)

and a few other trivalent ions which form IITA chelEtes which are as

stable or even more stable than the tracer co,lexes (See Table V) , thus

affectin: the stabjlity of the ohelate proved to be unfounded. The afoIe--

arentioned series of experinynLs s..:Igger,,lis that Fe ray not he present as

Fe (III) Or the clucntity of. Fe (IETI) and other trivalent ions is v-E-1.y lo

in the natur?:_1. system_

Previous investigat-_:.oas6+r)5,6(:have tarlicated that the oxidat

ion of 'Fe (-1.2:) is se rely retarded in utanv retacal water which contain

hincsbstarccs. Indeed it hm; been Cif_,-,Tronstrfated that o-rgan.ic comp-nunds

which. Isx..x;ess the strnctural featues of hixl.ic substances end synthetic

organic matter e.g. deterrents, NTA,FDTA, are capable of significantly

altering the :fate of oxide: ion of ferrous iron. A model was developed

by Sinner et a167 to explain the behaviour of iron in the presence of

hurnic substances. A schematic of this model is us follows:

Org

Fe (II) -0--c;-

A

02
2+

-,-;.- Fe (III) -Org
_

+ Crxidized Org

1,72+ 02
Fe le3

OH
/

Fe (OH)
3
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In the absence of appreciable ouan.Litics of dissolved organic

patter, ferrous iron is oxidized rapidly upon the intro(luction of oxy-

gen to ferric iron which preciitates as Fe(OT1)3 and is removed from :the.

system . If significant cancentraticns of organic Patter are present,

the complexation reactions with ferrous iron will compete with the oxy-

genation reaction. The fractions of ferrous iron corcplexed or oxidized

will depend on the pH and the quantity and types of organic Tatter present.

Acmeous iron behaves according to the mdel because of the relative ease

with which the ferrous-feric connie can undergo reversible oxidation and

reduction. However other Petals, notably. mancFnese and cobalt, also po

ssess this property such that the potential patbs are not specifi c

for iron. In addition, the colilelexing ability of the organic patter

for other metals (regardless of their redox characteristics) plrc- the

adsorptive capacity of hydrous ferric: oxide for other metals indicates

that such a model ray have significant effect on the availability and

distribution of other trace elerrents in natural waters.

Finally, in coaparing the Enlution behciviuor of the chub bed

tracers developed here, DyM:PA holds the best tracer possibility since

its solution stability is superior to the In chelate.

(4) Ni tber of Filters and Filtrations Peouired to Achieve

Or,timum Recovery of Dissolved Species and Tracer in River Uater!

Results of experirymts performed to evaluate the minimum

nun...-ef: of filters and rariber of filtrations ye iii red to achieve quanti-

tative recovery are shown in Tables XIII and XIV.Auxiliary experiment



per.forr,yedi to dr-termine, the effect of nil on the vi ekurd effciieney of the

ion-exchanger and the results are shown in Table XV.

Several facts stand out from such ex2;eriments. (1) One to three

filtrations seem to be (-ruite adeceiate in removing the tracers quantitati-

vely. in increased nuciber of filtrations beyond three appears to have

slight or negligible effect on increasin the picicuc efficiency. This

result are in accord with the findings reported by Jame::--;" 69 and Van

Grieken71) who found satisfactory collection efficieT1Cies after only one

pz.ass. Cam:bell et al., ho,:\77er recomarsnd that so-!_utinns to be analy2ed

be filtered seven tir.E!s to achi.oye high collection efficiencies. In add-

ition to evidence provided by

in other ext-..ri),-ents

the above experiments, results obtained

phr.Forri.:ed previously (See Table VII ) have shaAn

that two filtratioris r:coi.du picL:la efficiency >907; in inst cases. There-

fore, filtering a solution twice should ICed to satisfactory colloet:ion

efficiency for mET.Ly elements and was ado-pterl for subsequent work.

In general, tea frhters are used in every cr.7.)eri=nt and the

first or top ion exchange filter removed more than 90% of the dissolved

species in a single filtration as evident in the results in Table XIV,

In fact, results in Table >ail provide evidence that this find Lng is

correct and furthermore the l:fl does nob have drastic effects on the

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

Campbell 5 9 6 2 who observed, that all the cations tested are precipitated

at pill 'C7 and therefore removed from the solution. Hoy,,ever, results by

Van Grieken 7 , Taylor" 1 HO 1 vri Ska 7 2 and Underwood73 all. suggest quantita-

tive recovery is achieved at neutral. Nevertheless, it was
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decided as a general and good practice in subscuent 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 capacity of cationic filter

is approximately 5.1 1-1.e*and that of the anionic filter is approximate-

ly 3.2 med*; see also Appendix I & IV)

In experiments performed to test the recovery of tracers and

dissolved species in natural water, there were several initial diffi-

culties as discussed previously (See p. 36) Firstly, the filtration rate

is extremaly slow. Secondly, the possible retention/leaching of trace

elements by/from -Pre f 11:0 rs (NucleporeAlhatran Nu.-.o.ber 1) included to

re.TOVO particAlates and speed. ua the filtartion rate. Results of such

experiments are shcfAn in 'fable VII. The percentage retention of the

rare earths are negligible in both kinds of filters. He ever, the corer

man natural elements are ret-_,--dred more substantially by the Nuclepore

especially in the case of As and Ta. The higher retention by the Nude-

pore is probably due to the fact that any dissolved ions sorbed onto

the suspended particulates may be retained by the filters. The V,7hatman

filters which have larger pore size ( 10 pm compared with the 0.45 pm

pore size of the Nuclepore ) than Nuclepore and thus retain only lar-

ger particulates which in tarn offer less surface area per unit weight

of particulates for any sorption reactions than those retained by the

Nuclepore. retention of rare earths by the l7hatmnn filter is pro-

bably due to their high affinity for the cellular materials which con-
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stitute the bulk of the V.Tria*I.m7n filter and such phenonmenon is also ob-

served by chatter et al. 71f The high retention of As by Nuclepore is a

mystery and beyond any lccical explanation.

In general, it would seem that the Nuclepore filter should

provide an excellent rnediucn for separating particulate materials from

the dissolved species. It has high tensile strength, is non-hydroscopic,

has lug intrinsic trace element content (Table XII) and high degree of

uniformity of physical properties (See Appendix III) , all of which are

criteria of providing good quantitative recovery of particulate matter.

U1-1:9.-bean filter, on the oLber hand, seems to be less efficient as a filter

for quantitative 6.'etermination, is more hydros=pic and has higher intrin-

sic trace element content.

(5) Baseline Studies of Elemental Abundances in Willamette

Fiver Water and Sediments:

This phase of work include the sampling of water and sediment

from various parts of the Willarrette 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 system should be low. As

part of the measurements of the backgl-ound levels of the tracer elements

we ;treasured the abundances of more than thirty elements in the sediment,

sufs7ended particulates dissolved cationic and anionic species at each

of the twenty three sampling locations. ( See Table Al-A23 in Appendix V )

In addition to compiling "baseline' data, this study is also

intended to investigate and ping-Ant if there is any unique trace ele-
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ment (s)characteristic of S-C;7:H:i of the poi:LW:ion SOU 005 which rmT h u.se.d

as "natural" tracer(s). Table XXVII sun-Tcnarizes and CYDropa.res the average

elemental caapositien of the '-iillamette River sediments with other ter-

restrial sources. The absolute elemental compesition of the sediment

from each site are shmn in Tables Al-A23 (Appendix V) and Figures XII,

XIII,XIV,XV and XVI.

Figures XVII,XVIII and Table XXVIII show the relative elercintal

abundances of the 'Al laT.-ette sedirk_-nts using the elemental abundances of

"Oregon Soils" 7 6 (Table XXIX) and basaltic rocks as representative Ca7US.-

tab materials of the I'dllalrette Valley. The results suggest little an thro-

poy,enic contribution. (The high el emx.:-.,:ntal_ content of the sediment rn,Dy (b-

scure -the contribution ol any anthropogenic source.)

The absolute and rela-Live elawntal abundances of the susk-an-

ded particulates are sham in. Table X>a and Pierre XIX. The results

suggest that the suspended particulates are similar to the sediment

in elemental concentrations and can be considered as "upswept" sedi-

ment. The depletion of certain 01(5Tel-its compared to the sediment sugg-

est that other materials such as suspended organic particulates, biota

which may include zooplankton etc are also part of the particulate

measured. Despite of the uncertain:iv in what constitutes the suspended

particulate, the basic comc;-2osition is similar to the sediment.

The dissolved species concentrations sh(-./w distinct anthro-

pogrenic contributions and characteristic "fingerprints" can be develo-

ped for pulp and paper mill effluent, sewage cattails etc. For example,

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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Table XXVII Elemental Abundances in Willamette River Sediments as Compared to Other Terrestrial Sources

Element

Willamette
Average

River
Range

Basaltic Rocks
Averages

Sedimentary Rocks
Averages

Crustal Abundances
Averages

AIM) 8.4 ± 0.1 7.8-9.5 8.76 10.45 8.23
Fe(%) 5.8 + 0.1 4.8-7.2 8.56 3.33 3.63
Ca(%) 2.8 + 0.03 1.9-7.2 6.72 2.53 4.15
Na(S) 1.9 + 0.03 1.5 -2.3 1.94 0.66 2.36
K(S) 0.83 0.31 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
Mn (ppm) bLa + 1 666-1235 2200 670 950
Ba 486 + 2 390-562 270 800 425
V 166 + 1 123- 188 200 130 135
Cr 99 + 0.1 68 -133 300 160 100
Ni 44 + 5 32-61 160 95 75

Rb 36 + 0.4 30 -51 45 400 90

Ce 36 + 5 29-46 10 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 13-24 24.0 10 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 6.0
Th 3.5 + 0.01 2.8-4.7 3.0 1.1 9.6
lif 4.6 + 0.01 3.3 -6.2 2.0 4.0 3.0
Yb 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 11.3 + 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 70.01 0.8-2.6 0.8 3.2 2.7
Sb 0.74 4- 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

Lu 0.38 + 0.01 0.3-0.5 0.2 0.5
Tb 0.52 IT 0.01 0.4-0.8 0.9 0.9
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Table XXVIII: Relative Ele:L=,nbi Concentration in Willaette SeclIcents I

Element *
Absolute

Concentration
Relative

Concantration**

Al(%) 8.4 1

Fe(%) 5.8 0.7

Ca(%) 2.8 0.3

Na(%) 1.9 0.2

K (%) 0.03 0.1

Ti() 0.81 0.1

En 818 0.01

Be 486 0.006

V 166 0.002

Cr 99 ,, 0.001
Nl 44 0.0005

Ph 36 0.0004

Ce 36 0.0004

La 22 0.0003

Co 27 0.0003

Sc 20 0.0002

As 5.8 0.00007

Elm 4.7 0.00006

ah 3.5 0.00004

Hf 4.6 0.00005

Yb 2.8 0.00003

Br 3.6 0.00004
Lu 1.3 0.00002

IYy 1.5 0.00002

Cs 1.9 0.00002
U 1.4 0.00002

Sb C.74 0.000009
Ta 0.62 0.000007
Lu 0.38 0.000005
Tb 0.52 0.000006

* All numbers are in micrograras

indicated otherwise.

** Normalized to Al 1.0

Per g:caa of dry sediTent unless
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Table )M.": Elemental C'cncentrations io Orc-,K-Ton

Eleaent. Absolute Concentration Range

Al(%)
Fe(%)

Ca(%)
Na(%)
K
Ti P6)

9.95 + 1.05
5.68 T.2.09

0.54 + 0.13
0.68 +O.01
0.73 +0,03

9.32 11.27
3.25 9.80

0.43 0.61
0.23 1.55
0.43 l,28

kin 667 -I5 211 2505
Ba 468 +-2 284 823

V 178 -1--3 93 365

Zn 172 T- 1 112 329

Cr 136 -F 3 55 321

Ni 54 T- 3 22 150

Ce 41 +2 17 77

La 22 +2 9.5 44.7

Co 23 f 5 7.3 70.4

Sc 23 i 2 11.8 48.1
3.0+ 1.2 2.2 5.6

Om 4.77 T 1.33 3.6 6.3

Th 4.99 f-3.76 1.49 12.7

Hf 4.56 4-7 1.56 3.11 6.40

lb 2.14 4 1.01 2.00 2,26

Br 6.69 1.70 3.E8 11.4

Eu 1.53 + 1.04 1.4 1.6

Cs 1.53 +-3.86 9.34 4.19

Sb 0.54 + 2.02 0.3] 1.17
Ta 0.83 P 1.57 0.43 1.21

* All concentrations are in ppla unless indica.1..-,ed otheraise.
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Figure XVII:Rclative Concentration of Elements in Willamette Sedimant (Normalisrsd to = 1.0)
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Table xxx Absolute and II-21ati-ve aerrental 1 bun0=es Suspn0:-!d

89

Element*

Particulates

Absolute
Concentration Range*

Relative
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

/,n 291 + 1 129 3070 0.01

Zn 108 1 3 45 3750 0.004

Cr 11.4 F 0.3 6.5 243 0.0004

Co 3.8 + 0.1 30 36.5 0.0001

Sc 1.8 + 0.1 1.17 17.4 0.00007

As 1.65 + 0.01 0.67 32.1 0.00006

Sm 1.20 f 0.01 0.34 6.26 0.00004

Br 5.46 + 0.11 3.28 143 0.0002

Eu 0.0111+ 0.001 .0014 1.19 0.0000005

* All concentrations are in ppm (parts per million) unless indicated

otherwise.

** Normalized to Fe = 1.0



Fig= NIX : Relative Elemental Abundances in Suspended Particulates (Normalized to Fe = 1.0)
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Table Y,XXI: Hydrospheric Trace Elerent Abundances in Various Arerican Locations ( rig/r1 )

Willamette at
This Work Pacific N.W Portland United States

Element Mean Range Mean Range Mean Range Mean Range

Br 4.52+0.01 2.1-48
..._

Co 0.03+0.001 0.02-0.5 3 1-17 17 1 -48

Cr 0.14+0.001 0.01-66 6 1-36 1 9.7 1-112

Fe 20+6 5-10 2-256 59 15-138 52 1-4600

K 26+1 -110

Zn 2.38+0.01 4-71 2.8 0.4-28 1.4 0.4-3.2 58 0.3-3230

Na 112+1 40-440

Zn 20+2 0.6-123 40 2-330 28 12-70 64 22-1183

,EL,* 1.23+0.03 0.3-440*

Sm* 18.6+0.3 20-59

Sc* 7.7+0.1 2.0-24.4
.._

a: Kopp,J.F.,Kroner,R.C., "Trace Elements in Water of U.S.",U.S.Dept.ofIInterior,F.W.P.C.A., Division

of Pollution Surveillance, Cincinnati, OHIO.

* Concentration in parts per trillion ( pg/m1)
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and paper mill waste. One interesting by-product of this investigation

is the finding that the simple fractionation of the dissolved species

into cationic and anionic fractions is a powerful tool in pollutant

source identification. In Figure XXII, we show the total dissolved

Go concentration, the anionic Co concentration and cationic Co concen-

tration as a function of position along a section of the Willamette

River. The resolution of the middle peak in the total dissolved Co

concentration into its anionic and cationic coponants has revealed

that t\.o separate sources, a cationic source (a sewage outfall) and

an anionic source (a paper mill) , are contributing to this peak.Also

an inspection of :EricTure XXT sham the main "region" of more polluted

water in general; this include the Harrisburg area, Albany area and

the Salem area. This i.s especially true in the case of Albany and

Salem vhich consitute the two larger municipality oontributing wastes

along the Willarrette

It is important to reiterate that: in au.,ntitative and quali-

tative trace analysis of dissolved species in water to take into con-

sideration the chemical speciation that may have occured. It is pre

sumptuous and erroneous to assume the dissolved ions exist in a cer-

tain state without intimate 3ma.,iledge of the paeram:eters which heavily

influence the state of beings of these dissolved species.

(6) Freeway bale E.Teri=nts:

The primary purpose of this experiment as described earlier

is to test the conservative nature of the tracer in actual field situ-

ation and in the presence of "natural ingredients" such as dissolved



Figure XXIII: Total Dissolved, Cationic and Anionic Co Concentration
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organics etc. The water in the :Lakes arm heavily turbid, muddy yellaw

in color and contain large ar.-;..nant. of suspended particulate. This should

provide an ideal situation were the application of fluorescent dye may

be unsatisfactory and the use of activable tracer becomes the only al-

ternative.

Results of these experiments are shown in Figures III ,IV and

V and Table XVIII. The behaviour of the tracer can best be summarized in

the plot of tracer concentration versus time as shown in Figure XXIV.

A mass balance calculation of the quantity of the tracer remaining in

solution is calculated by multiplying the average concentration of each

tracer 'ha each lake (See Figures and V) by the volume of water

present in each lake. The vol=e of each lake is estimated by multiply-

ing. the area by its average depth. Several.. assumtions were made in

such calculations: (1) The mess of water in each lake remains fairly

constant during the sampling period. This was bar.1;ed en the observation

that the water depth gauge under the bridge which connects Lake I and

Lake II remained paractically constant during this period of time. (2)

The average depth calculated b/ baking the mean of the depths at various

mints of the lakes represent the "true" depth. Again, it must be stress-

ed at the outset that the largest source of error in our mass balance

calculation stems from the inability to know the volume of water present.

The calculated percentage of tracer left alter 1,3 and 15 days is shown

in Table XVIII. The results indicate that at least 96,80 and 78 per cent

of the tracer initially added. still remain in solution after a period, of

1,3 & 15 days respectively. The results indicate the la,;er limit of the
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tracer stability because no consideration is given to the amount of

tracer carried away by the outflow/efflux of the lakes. From the con-

centration versus time plot in Figure XXIV., it can be seen that after

a period of one day, no appreciable quantity of tracer migrated to the

larger lake which is mere than 100 yards away from the point of injec-

tion, Oak Creek which flaws into Lake I probably provides the "pushing"

power in addition to the wind in causing the turbulence necessary for

complete 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. wi)lle the concentration in the smaller lake

decreased, indicating continuous 'migration/diffusion of the tracer to-

ward :3 the larger lakes. Further examination of the concentration profiles

of the tracers indicate that the tracer concentrations are highest at

"dead" spots or rain In where the water is stagnant.

(7) Willaette River Ex.-.)eriment I:

The male objective of this experiment is to test the conser-

vative nature of tha tracer in addition to providing a good test of

sampling logistics and validity of: the U. S.G.S.Hvdrologic Investigation

Atlas in predicting tracer arrival time .

At this point, it may be useful to explain briefly how to

derive tracer arrive 1 time using discharge data and the U.S.G.S.Hydrolog-

lc Investiostion Atlas such as the "The Travel Rates of Water for Selec-

ted Streams in the Willamette River BasLn" (See Table XXXII) The talile

OP the Lop provides laily discharge record at various gauging stations.
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while the diagrams are tra':'el-rat (1117a2hs deterirci_ned by dye-tracer

studies. In each d.iegramt thaa are
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two curves, the dashed curve re-

presents the leading edge of the tracer, whereas the solid curve re--

presents the peak concentration of the tracer. 'The travel rate for a

particular subreaHi.ch is obtained from the graph by entering the dis-

charge figure for the particular subreach and finding- the coincident

travel rate from the apprepiate curve. Travel time can be derived

for each subreach by dividing the distance along the subreach shown

under each graph, by the travel time. Likewise, time of travel can be

calculated for the peak concentration of the tracer by using. the leak.

concentration-discharge relatioll. For example, the tracer was injected

at Peoria Peat P,7171-.) and S.36.7.-Ties collected at Corvallis near the Oregon

State Crew Dock. The tracer travel time can be calo...11ated. as follows:

leading Edge Travel

Subreach Discharge Travel Rite Distance Time

9 4170 cfs 2.3 mph 7.5 miles 3.26 hrs

since the OSU crew dock is ap-;>roximately one mile c7o-,,,.n stream from.

the Corvallis filtration plant, an -:dcTlitonal 0.43 hoar should be added.

This provide a rough indication that the tracer will arrive the sampling

site 3.69 hours after commencement of tracer injection. Ka...raver, sampling

was begun an hour earlier than the predicted tracer arrival time and

samples were taken at an interval of five minutes. In using the .ontinu.-

ours injection method 7 7 , it is necessary to remr vE.,. 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 uniforyn concentration

at the sampling point is not evident. In such circIrnstances, a large
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nu:rher of sa.1.:1-)les is taken to guarantee coveraT- of the. transit period.

Since we have yet to peeve the prediction. of the tracer arrival time

using the hydrologic 27:t..3.::,s 7 3 is accurate, we decided therefore

to take sariples every five minutes to ensure our sDmpling covers the

tracer transit :period.

The total (2:uantity of tracer used was 39.1015 maims of Dy,

chelated with ITT:.c_,A end diluted to 8.3 liters with distilled water and

then pumped continuously for a period of 1 hour and 20 minutes at a

rate of 1.0 ml/sec. LhC river discharge rate at the day of the ei;peri.--

rent was 4170 cfs (cubic feet per sec) or 118 ems (cubic meters per sec).

Ly using the following relationship:

Q I (C Cb) dt or Q (Cq
C
b
)A t (1)

where dt or At is the time span between samples

Q is the river discharge rate

C is the c.7-ncentration of downstream sarrules
Cf

Cb is the background concentration

the -moult of tracer present in the river during the sampling period

can be calculated. The total amount of tracer injected into the river

is represented by the following relationship:

qC T

where C --= tracer can centration.

q = tracer injection rate.

(2)

T = total tracer injection tine.

Since the C ,T,ci3O terms are known, Co and Cb can be measured

and At is also known, the extent of the tracer approaches ideality with
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regard to solution stability can be obtained from the ratio of equation

(1) and (2) :

z(cq C) t t } /{ cicoT }

In the estiinate of Q E (C Lt one assumes that the
q

cross sectional concentration of the tracer is uniform, that is to say,

the tracer is well mixed at the sampling poin . There are several cri-

teria that will determine the where and when sapling should be done:

(1) Sampling shonld be performed at point (s) far enough downstream for

complete mixing to have occored. The correct choice of this point is

important. If the sanpljng mint is too close to the injection point,

en:ors may result from incerplete mixing but if the measuring point is

too distant, excess dispersion occur and the tracer is over diluted.

The lower limit of the working distance is determined by the mixing of

the tracer. with the river water. The mixing is fast if the injection

is performed in a region where velocity of the current is higher than

mean velocity (bottlenecks, sharp bends, rapids etc.) or in zones of

eddy currents. In these places, the injected substances cruxes with the

water after travel a short distance and the concentration quickly be-

comes uniform. In plain winding rivers, portions (lateral ) of

the tracer cloud can enter stagnant waters and are later carried again

by the current at a low velocity, this effect lead. to a significant

broadening of the tracer cloud and therefore, to an increase of mixing

length. Several empirical equations have be proposed for determing

the Dinh-cum required distance for adequate mixing; e.g. (i) L =
mix

13
hO' 20 where k is a constant equal to 200 for side injection! and
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50 for center injection, Q = river discharge rate. (ii) L = 0.13 x

(b2/H) (C/g) (0.70 + 6)61 where b = roan width of the streal.n, P =roan

depth of the stream and C = Chezy's Coefficient ( 15<C<50) which depends

on the nature of the river bed and g is the acceleration of gravity.

Using the two empirical equations, one finds Ihax is between 0.6 mile

and 15.8 miles. Unfortunately, the first relationship grossly underes-

timates the mixing length while the second enuation overestimates it.

Since Corvallis is about 10 miles donstream from Peoria, we felt the

tracer would be well mixed at the sampling point. The results of the

expert:ent are shown in Table XXXIII and Figure XXV and they show at

least 82% of the tracer species remain in solution during the experiment.

The nunber shown above (82%) is estimated as follows:

Froc,1 Table XXXIII Oqt = 166746

Q 7,C At = 166746 x 4170 x 28.316 x 103 x 10-12 = 19.69 g Ey
q

Weight of Ey used 39.1015 q

Total vollr-e of tracer solution = 8.3 liter

Concentration of tracer solution = 4.71 q/1

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

1 hr & 25 mins. Total quantity of tracer injected = gCQT

1 x 4.71 x 10-3 x 85 x 60 = 24.03 g

Ratio of Ecuation(1)/Equation(2)

=(19.69/24.03)x 100% = 81.9%

A plot of the concentration versus time curve is shown in

Figure XXV. One can see iinn.?.diately that the curve represents the

latter portion of the finite period of time when the tracer concentra-
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Table >SKXIII Data (7,:_ Tracer Stability Field Test I (Willamette

River)

Sample

ir2s1

Tire

1323

Lt (Ninutes) Concentration C*

5 56.6 + 10.3
m2s2 1328

5 55.6 E 12.6

r2s3 1333
5 52.3 + 8.1

m2s4 1338
49.0 E 9.0

m2s5 1343
5 49.9 + 9.8

m2s6 1348;30
5:30 42.4 + 8.0

n2s7 1353
5 40.0 + 11.4

m2s8 1359
5 43.8 + 10.5

m2s9 1403
5 23.8 + 2.6

m2s10 1408
5 20.1 + 7.0

n2s11 1413
5 19.4 E 3.4

m2s12 1418
S 15.4 + 2.7

n2s13 1423:30
5:30 14.4 + 3.0

r2s14 1428:30
5:30 15.4 + 3.2

n2s15 1433
5 18.7 + 2.1

m2s1 1438
5 16.5 + 2.6

rn2sl 1443
5 8.7 + 3.6

m2s18 1448

* Concentration are in ppt (parts per trillion)



106

tion is aanstant. In fact, the Ix-Art.10n of the ca7Ve On. Ch represents the

gradual build uo of the 1...Eac concentration is absent signifying a

riiisjudgrint in the t-12-c,-haa; of the sample oplIection. Acoui.d.ing to the

USCS Atlas, at a discharge of 4170 civ or 118 con, it would take bety,

een 3 to 4 hours for the tracer to arrive at the sampling point. Since

the injection is perforT,,ed at the river bark, it would take a consideably

longer time to an..-ive at Corvallis as explainef.3. pr:r,:viot 13 N,T . fR.Y,,7ever, ,

a glimpse at Figure x>,..77 suggest.-; othc-,-,n,vise!_. The c.,..-23..anation can he

due to the treurmdeas change in hydraulics of the river which may have

taken place since the 21,:ti.as was published 47,--,e Atlas was puolished in

1968) . Factors such as bank irregularity, vegetation, channel alignuent,

river had configuration, chaz.:tEA. ObStr , converging or diverji rig

streams drasticall7 affect the flow in the r-;ver. The discharge rate

used in estiroting the travel time is for Harrisrg between there is

no gauging station between Peoria and Corvall is and the discharge rate

was adopted without taken into consideration of the discharge into

the Willamette from long Tram and Nary's RLvcnes vhich see' -increase

the discharge rate between Peoria. and Corvallis and hence decrease

the Live needed to arrive at Liv sampling point.

If the plateau of the curve cYtends far backward, it would

immediately obvious that the time-concentration integration of the "tail"

portion will be smaller ti-un that obtained fror,1 the platezni. This means

the amount of tracer remaining in solution as calculated by the above

technique underestimate: thn, tracer stability.

(8) 1.7illame Lte River Exporbqen
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This experir.ent :h.n.7o1e5 the continuous of .1):,,-DTPA

tracer of known concentrtion ( 145.62 g of Di", dissolved 1:n11-i:tr.-lc acid

and dilbteci. to 17.1 liters with distilled water ) a: a oonstant rate

( 1 ml/sec ) for a total f-:eried of 3 hours :into the. final effluent tank

( Discharge about 4.5 to 5 mId Ion gallons pet (ley ) of the Albany nun.1.--

cipal Sewage Treatment Plant located about half: a mile 'from the bank

of the WilLInette.

The ma:en objective of this aKperir-ant is to test a::jain the

amservative nature of the tracer and in additen i ry LO find out if

there is any unicue trace eleent present in the effluont thaI min

serve as a "natural" tr.,. .. Re:".lults of such e7.reriments are shc,wn. in

Tables MI,X17,.7 and xxxv. A !-.,,ket-.ch of the sampling locati013 is shown in

Figure >V'.

Samoling of bacS,:gra,HYid beg-an approy.ime.t--.ely an hour prior

to the comeneement of tracer injection and saplc-s were taken above

the sewage outfall, aL and below the outf:a1.1 to obtain a colrolete pro--

file of the "blank" truce eletment

Four sampliiig stations were established (1) 2\,,2-i...)roximately

150 yards from the outfall (S:ation El) (2) Station C is located right

above Western Kraft arid about a mile downstream from the outfall.

(3) Station E is located about one mile downs'Lrean from Western Kraft

outfall and there is a sharp bend at this loc..aLion thus causing very

turbulent flow. (4) Station 1) is about two miles down stream froii the

Western Kraft outfall and was in a region where the flow was rather

sluquish and not turbulent. All these stations were chosen to repres:ont.



N7,-Vci
v -P,esu14zs of Tracer Fielf. erincnt TT (cci

SamplLT7-
Station

AverF-ge

Concentatior,

Distance from, Time Sampling % Original Tracer
Femaining in ailuti^lrlo

B + 1,1 150 yds 13:00 93.4%

32.5±6.2 1 7i1c 13730

B 34.4 + 1.1 2 :ail° 14:00 39,5,';

E 34.3 0.8 3 mile 14:30

* Concentrations are in 1.-Yot (parts -`ri17'nr_

Amount of Dy uzed = 145.629r

Ocncentraticr 1 "r"

River Discharge Rate = 7820 CfE, (Cubic fox:Voce)

Dv/m1 of Tracer = 8.513 2.-g/7(1.

Trao--r 7-)u-T Injr-ction Rte = 1.0 ml/sec

C
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different parts of the river ,)hawing d;stinot hylraulic characteristios

The actual sar,-,01ing started about an hour aftor the tracer

puily.) was turned on to allaq ample time such that the tr.-aceL concentra-

tion will reach a. steady state. 77;fter taking cross-sectional smples

fuam Stataon By the saimling station was then Icoved to the next point

da.,T)..streaPi as shown in Fig-lice XXVI , The results of the eNoericilents

are shown. in Tables XXX1V and XXXV and a glie at the results

cate that: the shorter dj.:;tanc-:_- involved shred )at. -;11)-.,. -tracer is not well

?RI xed resulting in a ratha.::1)cn-uni. form tac- dts tribution at various

sam2ling sections. In general the tracer osirreerctionn tend to he higher

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

ahe per pent of tracer remaini.r.,-,] in solution sari the)e be calculated.

the hydrolujic information and results in Table XXXIV and XXXV as follo.

The f-iTst assumption made in the calculation is that the wei-

ghted avera:ie of the tracer cencentration at a particular samoling site

rYpiessnts the "Trae" concentrT:tion.

ii.:?ight of By - 145.6219 g

Total vollTlie of Trace:- Solution =17,1 liters

Concentration of Tracer solution = 8.5 Fg/ml.

Tracer Injection Pate = 1 ml./see

Quantity of Tracer injected = 8.5 mj,/sec

River Discharge Rate = 7820 cfs

-3
Concentration of Tracer in River - 8.5x10 /7820 x 28.32 x10

3

= 38.4 pg/D1 (1-2. assuming no loss etc.

Concentration of tracer at Station B = 35.9 ppt

Hence % remaining in soluticn = 35.8/88.4 x 100% 93.4 etc
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Finally, ratios 1:Y2A:wean concentrations of dissolved Zn and Br

and -the DyDTPA tracer at vr.ton sccnlinq lovations were calculated and

the results are shuim in the following table:

Table YXXVI: Patio of (Zn/Dy) znd (Br/Dy) at various S FtiT2ling locaL . ens

Sarrpling

Station Dy* Zn * Br Zn/Dy Br/Dy

B 35.9 + 1.1 19 + 5 10 + 0.1 0.5 + 0.1 0.3 + 0.01

C 32.5 + 6.2 432 I- 6 68 1 0.1 13.3 + 0.5 2.1 + 0.4

D 31.4 + 1.1 32 6 3 0 + 0.1 0 9 + 0.2 0.3 4 0.01

B 34.3 + 0.8 21 + 4 6 4- 0.1 0.6± 0.1 (h2 0.01

Conc.,.r=aon.s inn ElDt.

The iare inciehse in the ratios at station C which is located

,bout 150 yd from ten olY:fall_ :indicate that the source of Zn

and Br is not from the sew.(::e. plant. Etcy7ever, the ra-tios decrease

at point D but our dra.:;tically for the Zn indicating that 2-ri is pro-

bably yo-Tryrzed ITC:Ce rapidly than Br. The Br/Dv ratio behaves fairly

constant at various points exoept at point C which can be due to the

influx frry:-Il seine source 1-y?-b-,,,,een the sewage outfall and the Western

Kraft Outfal.1.
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COCLUSTON

The laboratory and field experirents pe.rforaed in this work

indicate that cl-yelated tracers possess significantly greater solution

stability than unchelated tracers. Nevertheless, loss of tracer is

observed in all cases and that may be attributed to (1) exchange re-

actions with retal snaoiiis pro.-.sent in the river water during storage

prior to scaly am (2) sorption reaction with solid phases including

sediment and s,-7...m,-)lre centai:aer, and/or (3) biodegradation of the chelaba.

By freezing the wz-Lcr sames. we fauna little or no evidence

of retallic syaclaS being s..).ibed onto or leacliEd out from sample con-

tainer and contamination from chemical reagents/solvents is thus reduced

to a miuylmum.

of field expc-?rirents performed denonstrate .that stable

aetivable tracers involving the use of PEE with short-lived activation

prod:Jets which can be analyz,ed rapidly are cost competitive with radio-

-tracers and fluorescent dyes End should be given a place along with other

tools of environmental scientists in studying pollutant dispersal and

other phenoinrca :in the fresh ,,,;ater system.

also nade a reasonably detailed survey of the elemental

concnts of sedira-its and water at some of the rore highly populated and

industrialized "hot" sT,..}ot along the Willamette River. This "baseline"

study is Intended primarily to verify the expected low levels of Byrin

and -E.-Es n the hcll mtLekL'imr water and sedLrent and to obtain informa-

tion on tnic.! trace clement di'stribution in the river to see if any charac-

teristic "trace element fingeyprjnt" can be determined for the various
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industrial or waste discharge along the rivr. C:1:-,-',-:(--r (mality is 5 :2asured

di :17-ct1y by the aria Lysis of the wter, ht-;-',-EA1', t!":1-:'. KC..::::;q1tS are seated

to such variations de,oendi.ng on the sea- II, recnt rains, river level,

local telrperature etc. It is therefore presantuous to say that the

"grab" E3ET:P:1-::S we analyzed are truly indicative of the elerT.e..ntal concen-

trations in the river water wjth.out t6iKing inLo :-.7onsideration the factors

rentioned above. Neverthe less, the information can serve as new analy-

tical data on T...7111ae.-ette PJ_Ver Vit-_-ter quolitv and car. help in assessing

new .!:x-oll-atant relea.se into the Willarrette Rivate., `the bE,.c"?..cground ooncen-

tration of D, In and .P.-.FX in. the I'4111arrptte River are e-,:tremely low :rind

this -makes the use of anionic ]Y['PA chelat.es of E,7Jn and/or other PEE

very attractive water trac,r;, The 1-...y lin and. rr.IL1 .;_! concentration in sedi-

rent are nuch higher than that present .i n. the river. water. For:ie.-vox, no

metals weIe present at laveLs that PTI_Cliab present an ecolceical threat.

The a.pplication of ion-az:chango filter in oar routine water

sarple preconoentration and fractionation, because of its low select..i-

vity, has the advantage of recovering cuontitatively it-o3t of the elerceiT!Ts

of interest. Also the anion exchange filter possesses several intrinsic

quaLiti.es which roa.--.e it unlovely suited to recovery of the DTPA retail

chelates fraxt fresh water. by recoveri.ng only anionic species, oontaman-

atien from activable cations .is drastically red --J..:.ed and the bulk of the

anion exchanger consists of elements ( C, N, N and 0 ) wi i-h lcY,;,1 thaara.1

neutron capture cross-esction ,. it PrOViC_IS On irra.diation matrix with

lovi background. In addition; the use of cationic and anionic ion-e):chaz.-.;cees.

can cause a simple fractionation of the dissolved species and provide

a rough indication of the ch.emical special-- nO ;..-,. of the natural v,idter.
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Appendix I:Physical Characteristics of Ian-Exchange Membranea*

Ion Exchange Acropor SA-6404 SB-6407

Ion Exchange Resin Dowex50W-X8 Couex l-X-8

Exchange Type Strong Acid Strang Base

Cation Exchange Anion Mcchange

Cross-Linkage &

Ionic FOrm

Ion-Resin Type

Filter Size

8% DVB (H+) 8% DVB (C1)

Sulphcnic. Acid cross- Quaternary Armonium cross

linked to polystyrene linked to polystyrene

47 rm 47 ran

mg per 47 mm filters

Total 115 100

Fabric 64 64

Ion-lItchalge Resin 32.5 27

Binder Resin 18.5 7

Ion Exchange Resin

Capacityrrecprgb
5.1 3'.2

a: Gelman Instrument Company, Ann Arbor, 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%) ETHANOL 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 EQUIPPED

WITH LAMINAR FLOW FILTER.

* Manufactured by Branson Cleaning Equipment Co., Shelton,

Connecticut, U.S.A.
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Appendix Physical Properties of Nuclepore Yerrbrane a

Property

Tare Weight

Specification

0.5 to 1.0 + 5% mg /c m
2 depending on pore size

Trace Element Aluminum
Content

50

Calcium 0:1

Chronium 12.0

Copper 3.0

Iron 90.0

Magnesium 6.0

Molydenum 7.0

Nickel 7:0

Potassium 17.0

Sodium 66.0

Tin 3.0

Titanium 32.0

Zince 6.0

"ng/LIO

rig/cm?

Tigicr0

ng/Cm

ng/Cm
2

ng/ari
2

nglor2

ng/O0

ngicm

ng/dr0

%/dm
2

/au2

gicrZ

Mydxosoopicity Non-hydroscopic. Only 00.24% weight gain after

immersion in water for 24 hours.

3000 psi minimum

Near perfectly cylindrical pores normal to

surface with evenly randan dispersicn. Pore

size deviation is +0 to -20%

as Nuclepore Filtration Products for the Laboratory, Catalog Lab 30,

Nuclepore Corporation, Pleasanton, CA 94566.

Tensile Strength

Pore Georretry and
Distribution



Appendix IV: Ion-Exchange Capacity of Ion Exchange Filters

Cation Exchange Anion Exchange

Filter Size 47 ran 47 nm

Effective Filter Area 35 urn 35 rrm

Effective Wt. of Icy.-Exchange Resin 24.2 mg 20.11 m

Total Effective Ion - Exchange Capacity per Filter 0.123 meg* 0.064 neg*

Theoretical Quantity of Exchnaged Is

Fe3+ 2275 pg

Ba2+ 8446 Pg

Ca2+ 2465 pgr

Na+ 2828 pg

Br- 5114 pg

Cl- 2269 lig

* meg = millieguival.ent.
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Table Al Elemental Abundances in Willamette River System

Element

Al

Samoling Site; Eugene

Sediment

( Pg/g )
8.68 + 0.03%

River Mile: 175
Suspended Dissolved
Particulates Cations

( Pg/g ) (
ng /m]. )

°

Dissolved
Anions

( n9 /ml )

Total Dissolved
ions

( n9 /ml )

re 5.77 + 0.04% 2.46 + 0.02% 18 + 7 29 + 4 47 + 8
Ca 3.97 + 0.97%
Na 2,21 + 0.01% 2340 + 3 121 + 1 --- 121 + 1
K 0.84 + 0.05% 1380 + 90 42 + 2 *42 + 2

Ti 0.75 + 0.01%
Mn 954 + 2 400 + 49 1.0 + 0.3 1.0 + 0.3
Ba 390 + 39
V 133 + 3
Zn --- 1608 + 232 3 + 1 3 + 1

Cr 91 + 3 10 + 1 12 + 0.1 0.96 + 0.06 13 + 0.1
Ni 40 + 24 49 + 21
rb 33 + 11
Cc 31 +1
La 15 + 1

Co 23 + 0.3 11 + 2 0.0020 + 0.0005 0.086 + 0.008 0.038 + 0.008

Sc 20 + 0.1 8.8 + 0.3 0.0048 + 0.0002 0.003G i- 0.0003 0.0084 + 0.0004

As 6.2 + 0.3

sm 4.00 + 0,01 2.06 + 0.07 0,021 + 0.001 0.021 + 0.003

Th 2.9 -1- 0.1

Hf 3.4 + 0.2

Yb 2.4 + 0.1

Br 2.0 + 0.1 32 + 2 3.20 + 0.01 3.20 + 0.01

Eu 1.1 + 0.1 0:45 + 0.002 0.0003 + 0.0001 0.0003 + 0.0001

Dy 1.5 4. 0.1

Cs 1.3 + 0.1 2.8 + 1.8 0.020 + 0.012 0.020 + 0.01

u

Sb

0.8 + 0.1
0.9 + 0.1

I-.w
ko

Ta 0.6 4. 0.1

Lu 0.3 +

Tb 0.6 .=:- 0.1



Table A2

Element

Elemental Abundances in Willamette River System

Sampling Site: Harrisburg 1 River Mile: 164
Suspended Dissolved

Sediment Particulates Cations

(Pg/9) (119/9) (19/m1)

Dissolved Total Dissolved
Anions ions
(ng/ml) (ng/ml)

Al 8.96 + 0.04%
Fe 7.15 70,01% 2.21 + 0.01% 20 + 5 7 + 1 27 + 5
Ca 3.22 + 0.16%
Na 1.68 + 0.01% 2150 + 37 160 + 1 160 + 1
K 0.73 + 0.01% 1321 + 111 27 + 2 27 + 2_
Ti 1.01 + 0.01%
Mn 1225 + 3 423 + 17 1.0 + 0.3 1.0 + 0.3
Ea 484 + 13
V 178 + 3
Zn 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

6 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 70.0001- 0.0056 + 0.00010,0078_ + 0.0001_
As 5,6 + 0.2

Sm 4.9 + 0.01 2.69 + 0.05_ 0.028 + 0.001 0.028 + 0.001

Th 3.41 + 0.01

Hf 4.53 + 0.01

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 1.2 + 0.1

Sb 0.74 + 0.03

Ta 0.67 + 0.06 w
1--.

Lu 0.35 + 0.01 0
Tb 0.57 + 0.12



Table A3 Elemental Abundances in Willamette River System

Sampling Site: Harrisburg 2 River Nile: 160

Suspended Dissolved Dissolved Total Dissolved

Element Sediment Particulates Cations Anions ions

( Pg/g ) ( Pg/g ) ( gig /ml) ( gig /ml ) ( n5 /ml

Al 8.25 + 0.04%
Fe 6.22 + 0.01% 2.55 + 0.54 65 + 8 4 + 1 69 + 8

Ca 3.57 TO.14%
Na 2.18 + 0.01% 5814 + 185 134.0 + 0.3 134.0 + 0.3

K 0.89 + 0.04% 3518 + 296 36 + 2 36 + 2

Ti 0.74 + 0.05%

to 944 -72 682 + 85 1.2 + 0.3

Ba 483 -79

V 157 72_
Zn 1356 + 41 13 + 2 13 + 2

Cr 112.0'4- 0.5 243 + 4 35 + 0.01 0.36 + 0.03 35.36 + 0.03

Ni 52 + 15 255 + 107

Rb 33 +1
Ce 30.0 + 0.1

La 16.4 + 0.9

Co 26.9 -70.1 38 + 10 0.27 + 0.01 0.052 + 0.006 0.32 + 0.01

Sc 22.0 70.1 13 + 1 0.025 + 0.001 0,007 + 0.001 0.032 + 0.001

As 6.5 + 0.2

Sm 3.99 T0.01 2.85 + 1.01- 0.021 + 0.005 0.021 + 0.005

Th 4,80 + 0.03

Hf 4.16 70.06
"+Yb 2.58 0.01

Br 1.84 + 0.14 18 + 1 4.10 + 0.04 4.10 + 0.04

Eu 1.15 + 0.06 0.054 + 0,012 0.0014 + 0.0003-

DY
1.20 + 0.05

Cs 1.83 + 0.10 0.059 + 0.012 0.059 + 0.012

U 1.04 + 0.09

Sb 0.73 + 0.01

Ta 0.53 + 0.01 I-,

Du 0.29 + 0.01
I-.

Tb 0.51 + 0.11



Table A4 Elemental Abundances in Willamette River System

Sampling Site: Peoria 1 River Nile: 144.9

Suspended Dissolved Dissolved Total Dissolved

Element Sediment Particulates Cations Anions ions

( Pg/g ) ( Ug/g ) ( ng/ml ) ( ng/ml ) ( rig/m1 )

Al 9.51 + 0.05%

re 5.28 IT 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 + 0.5 210.0 + 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 + 20 <55

Rb 32 + 1

Ce 34.8 + 0.3

La 19.7 + 0.1

Co 23.G + 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 + 0.3

Sm 4.86 + 0.01 2.70 + 0.0 4 0.024 + 0.001 0.024 + 0.001

Th 3.03 + 0.08

Hf 4.19 + 0.07

Yb 2.60 + 0.04

Br 3.56 + 0.20 26 + 2 2.08 + 0.14 2.08 ++0.14 2.08 + 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 + 0.06

Sb 0.67 + 0.02 1-,w

Ta 0.53 + 0.02
w

Lu 0.35 + 0.01

Tb 0.78 + 0.12



T..bla AS Elemental Abundances in Willamette River System

Element

Al

Sampling Site: Peoria 2 River itiile: 140.9

Susoended Dissolved Dissolved

Sediment Particulates Cations -Anions

( 'ic.fig ) ( pg/g ) ( ng/ml ) ( 115/m1 )

9,22 + 0.05%

Total Dissolved
ions

( ng/ml )

re 5.34 + 0.01% 3.76 + 0.12%. 22 + 5 .7 + 1 29 + 5

Ca 3.41 + 0.17%
- -

Na 2.18 + 0.01% 7143 + 30 90.0 + 0.3 90.0 + 0.3

K 0.94 + 0.10% 3950 + 115 18+ 2 18 + 2

Ti 0.71 + 0.04%
_

Mn 891 + 2 546 + 69 0.42 + 0.03 0.42 + 0.03

Sa 508 + 15

V 153 + 3

Zn 689 + 89 16 + 2 16 + 2

Cr 100.8 + 2.1 77 + 6 32.0 + 0.1 0.17 + 0.033 32.2 + 0.1

Ni 58 + 30 <55

Rb 35 +1

Cc 30.5 + 0.2

L. 17.8 + 0.1
Co 23.0 + 0.1 17.8 + 0.7 .0.0036 + 0.0016 0.031 + 0.005 0.035 + 0.005
Sc 19.2 + 0.1 13.9 + 0.2 0.0041 + 0.0002'0.00046+ 0.00001 0.00456 + 0.0002
As 5.5 + 0.2

_

Sm 4.2 + 0.01

Th 2.76 + 0.09
Hf 4.23 + 0.07
Yb 2.39 + 0,03
Dr 2.15 -17 0.12 26 + 2 4.6 + 0.03 4.6 + 0.03
Eu 1.22 + 0.03 0.58 + 0.01

_

Dy I.2G + 0,04

Cs 1.76 -10.07

U 1.04 + 0.01

Sb 0.73 + 0.02
Hw

Ta 0.53 + 0.02
w

Lu 0.3]. + 0.11

T,0 0.70 0.11



Table A6 Elemental Abundances in Willamette River System

Sampling Site: Fischer Island River Mile: 134

Susp.Parciculates Dissolved Cations

Sediment Surface 0.6xdepth Surface 0.6xdepth

Dissolved Anions
Surface 0.6xdepth

Total Dissolved
Surface 0.6xdepth

Element lig/g ) ( Pg/g ) ( ng/mi ) ( rig/m1 ) ( ng/ml )

Al 8.82+0.03%

Fe 5.81+0,01% 5.09+0.50 38+8 13+6 21+5 20+6 59+10 33+6

Ca 2.66++.12%

Na 1.82+0.02% 8025 +10 1869 +30 160 +1 15671 160+1 156+1

K 0.74+0.01% 5446 +1900 4667±107 0 35 +7 46+6 35+7 46+6

Ti 0.75+0.04%

Mn 948+2 1848+7 1199+2 1.7+0.1 1.2+0.1 1.7+0.1 1.2+0.1

Ba 468+6

V 187 +6

Zn 1945+452 598+202 46+5 46+5

Cr 127.2±0.4 150+33 29+1 26+1 1.50+0.1 0.53+0.04 30.5+1.0 26.5+1.0

Ni 59 +29

Rb 33±1
Ce 33.3 +0.2

La 20.0 +0.1 20.4+3.9 7.2+1.6

Co 26.71-0.1 15.6+4.4 14.7+2.8 36+7* 11+4* 12+4* 3.6+0.3* 48+8* 14.6+4.,C*

Sc 20.8±0.1 17.4+0.7 6.7+0.4 15+1* 3.4+0.7* 9.4+2.0* 24.4 +2.2* 3.4;0.7

As 5.3-10.1 9.6+3.7 18.4+1.7
Sm 4.66 +0.01 4.784-0.30 2.69+0.76 30+4* 30+4* 29+1* 59+4* 30+4*

Th 2.99 +0.02

Hf 4.26+0.05 6.29+4.22 3.44+1.96
Yb 2.7819.03
Br 7.62±9.21 180.9 +9.1 39.0 +3.7 7.7+0.1 7.7+0.1 7.7+0.1 7.7+0.1

Eu 1.24+0.03 1.10 +0.10 0.44±9.05

Dy 1.46-D.04
Cs 1.80+0.08

U 1.54±0.13

Sb 0.62-19.01 4.7+1.5 14+7 18.7+7

Ta 0.62 +0.01

Lu 0.25++.0.02 1-0
(A)

Tb 0.65 +0.10

* concentration are in parts per trillion.



Table A7

Element
Al
Fe

Ca
Na

K
Ti

Elemental Abundances in Willamette River System

Sampling Site: Albany 1 River Mile: 126.2

Susp.Particulates Dissolved Cations

Sediment Surface 0.6xdepth Surface 0.6xdepth

.( nig ) ( 11g/g ) ( ng/ml )

8.51 +0.04%

5.21±9.02%
3.49i-0.83%

2.02±9.03% 3990+20 5520+30 110+1 103+0.2

0.92 +0.04% 3960+294 1722+134 40+6 38+3

0.65 +0.02%

Dissolved Anions
Surface 0.6xdepth

( )

Total Dissolved
Surface 0.6xdepth

( ng/m1 )

110+1 103+0.2
40+6 38+3

Mn 812+2 1660+29 552+30 0.37+0.09 0.70+0.01 0.37+0.09 0.7+0.01

Ba 544±33
V 142 +3

Zn 1416+283 644+107 10.4+0.3 10.4+0.3

Cr 85.2+1.4 86.7 +28.3 72.5+11.7 139+0.13 0.32+0.06 1.39+0.13 0.32+0.06

Ni 56+10
Rb 42 +6

Ce 29.1 +0.4

La 16.9 +0.1 7.33+1.68

Co 22.87.0.1 20.2 +2.8 8.5 +0.2 3+2* 1. +0.1* 28 +7.0* 3+1* 31+7* 4+1*

Sc 18.3 +0.1 9.4 +0.3 7.4 +0.3 0.44-D.01* 1.99 -±0.5* 2.4+0.3* 7.0 +0.7 2.8+0.3* 9.0+0.7*

As 5.0E0.3 9.3T-2.1 4.4 +1.5

Sm 3.99+0.01 1.69-D.92 1.14 +0.11

Th 3.06 +0.07

Hf 3.33-70.11 1.96+0.67

Yb 2.4270.10
Br 1.8870.34 14.5+4.6 47.9+3.0 3.40+0.04 4.00+0.05 3.40+0.04 4.0+0.05

Eu 1.05E0.07 0.39 +0.12 0.39 +0.02 0.44 +0.01 0.44+0.01

Dy 1.17 +0.06
Cs 1.49 +0.12 2.27+1.12

U 1.1570.10
Sb 0.677.0.11 2.374_11.7 1.30+0.6 0.11+0.01 9.5+5* 0.11+0.01 9.5+5*

Ta 0.6770.04

Lu 0.3270.01

Tb 0.4370.14 Ln



Table A8 Elemental Abundances in Willamette River System

Sampling Site Albany 2 River Mile:

Susp.Particulates Dissolved Cations

Sediment Surface 0.6xdepth Surface 0.6xdepth

125.2
Dissolved Anions
Surface 0.6xdepth

Total Dissolved

Surface 0.6xdepth

Element ( 11g/g ) ( lIg/g ) ( 7g /ml ) ( Ing/m1 ) ( ng/ml )

Al 9.13+0.03%

Fe 6.64 +0.03% 0.82 +0.11 0.96 +0.10

Ca 3.43±0.80%

Na 2.02+0.01% 1249+18 1108 +10 125 +0.4 32+0.1 125+0.4 32.0+0.1

0.90 +0.17% 1080+432 1228+22 33 +6 14+4 33+6 14+4

Ti 0.741.0.09

Mn 1040 +3 129+3 165+ 1 1.8+0.1 2.3+0.1 1.25+0.02 0.42 +0.01 3.05+0.10 2.72+0.10

Ba 483+-8

V 198 +4

Zn

Cr 96-1-1.6 23.9+4.5 0.52+0.05 0.013+0.002 0.52+0.05 0.013+0.002

Ni 59+31

Rb 42+ 7

Cc 30.5 +0.5

La 17.070.1 2.52+0.9 4.56+1.61

Co 28.870.2 2.55;1.47 4.67;1.02 3+2* 11+8* 13 +5 * 31+8* 16+5* 42+8*

Sc 21.770.1 2.4 +0.1 2.2 +0.1 1.5 +0.5* 1.8 +1.0* 23+1* 8+1* 24.5+1* 9.8+1.0*

As 5.070.3 3.2 +0.9 10.4 +0.8 135+10* 174+20* 135 +10* 174+20*

Sm 4.14+0.01 0.75 +0.05 0.73 +0.02

Th 2.99 +0.08

Hf 3.50 +0.13

Yb 2.717.0.11

Br 2.33 +0.49 12.8+1.6 12.4+1.4 3.00+0.04 4.80+0.04 3.00+0.04 4.00+0.05

Eu 1.2470.03 0.3470.02 0.1870.03 2.2+0.3*1.1+0.3* 2.2 + 0.3* 1.1 +0.3*

DY 1.31-70.06

Cs 1.5370.15

U 1.0970.12

Sb 0.7170.04 1.90+0.62 0.007+0.001 0.007+0.001

Ta 0.90 +0.05

Lu 0.33 +0.01
c.4
cs

Tb 0.60 +0.16

* Concentrations in parts per trillion.



Table A9 Elemental Abundances in Willamette River System

Sampling Site: Albany 3 River mile: 122.70
Susp.Particulates Dissolved Cations Dissolved Anions

Sediment Surface 0.6xdepth Surface 0.6xdepth Surface 0.6xdepth
Total Dissolved

Surface 0.6xdepth

Element ( Vg/g ) ( vg/g ) ( ng/m1 ) ( ng/ml ) ( ng/ml )

Al 9.08 +0.04%

Fe 5.32-10.03% 5.69±0.38 10.46 +0.48 40+7 16+5 40+6 16+5 80+9

Ca 2.53±0.88%
Na 1.67 +0.03% 3545 +7 8340 +83 40+1 123+1 40+1 123+1

K 0.6810.05% 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+0.01 19.5+0.2 26.3+0.2

Ba 439 +41

V 180+3

Zn 3750+350 3710+358 6 +2 19+5 6+2 19+5

Cr 116.7+1.8 1 24.11-.39.7 239.0 +44.6 10+0.3 0.08+0.01 1.06+0.08 0.08+0.01 11. +0.3

Ni 61 +2 6

Rb 39 +12

Ce 38.4 +0.6

La 20.7;b.1 7.9+2.8 2222+4.2

Co 26.1-70.2 13.4-73.9 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-Tb.4 14.3;0.5 1.7ib.5* 2.3 +0.4* 3.4;0.4* 4.07-0.5* 5.1T-0.6* 6.3T0.6*

As 5.7Tb.3 20.2 +5.6 32.1-73,7 6.4-1-17* 98 115* 64 T17* 98;1 *

Sm 5.06 +0.01 3.2;0.2 4.4 +0.2 0.026+0.002 0.028+0. 003 0.02670.022 0.028+0.003

Th 3.22;0.09

Hf 3.32 +0.12

Yb 2.79 +0.12

Br 1.29;b.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 0.4510.05 1.191-0.15 1.0 +0.1* 0,5 +0.3* 1.0+0.1* 0.5+0.3*

Dy 1.56 +0.06

Cs 1.74 +0.14

U 1-.266-70.12

Sb 0.66 +0.11

Ta 0.63+0.05

Lu 0.37 +0.01
P-0
tr.)

Tb 0.80Tb.52

* Concentrations in parts per trillion.



Table A10 Elemental Abundances in Willamette River System

Sampling Site: Albany 4 Rive:: Mile: 119.45
Susp.Particulates Dissolved Cations Dissolved Anions

Sediment Surface 0.6xdepth Surface 0.6xdepth Surface 0.6xdepth
Total Dissolved

Surface 0.6xdepth

Element ( Pg/g ) ( Pg/g ) ( rig /m1 ) ( rig /ml ( rig /ml )

Al 8.83+0.01% 0.82+0.11
Fe 5.74 +0.01% 0.82 +0.11 0.96 +0.11 16 +6 15+8 13+9 17+5 29+12 32+9

Ca 2.85 +0.10%

Na 2.25 +0.03% 1151+8 1108+10 122+1 138+1 122+1 138+1

1.21 +0.07% 1080 +432 1228 +22 39+6 48+6 39+6 48+6

Ti 1.12 +0.06% 1228 +22

Mn 948 +2 141+12 165+8 3.2+0.1 32.8+0.1 0.03 +0.01 3.2+0.1 32,8+0.1

Ba 562 +12

V 1199
Zn 503+137 502+135 21+4 123+22 21+4 123+22

Cr 83.3+0.6 18.0 +0.1 48.0+2.0 0.64+0.1 7.4+0.3 18.6+0.1 55.4+2.0

Ni 58+22

Rb 49+2

Ce 36.7+0.2

La 21.3+0.1 2.546.9 4.6+1.6 48+8* 9.0+1.0* 48.0+8.0* 9.0+1.0*

Co 21.8-70.1 4.7+1.0 55 +8* 44 +6* 64+8* 22+5* 119 +8* 66 +8*

So 18.4+0.1 2.4 +0.1 2.2+0.1 4.070.9* 4.7 +1.0* 43 +1* 4.6 +0.8* 47 +1* 9.3 +1*

As 6.6 +0.5 3.2±0.9 10.4 +0.8 0.23+0.01 .31+0.01 0.23+0.01 0.31+0.01
Sm 4.76 +0.01 0.75 +0.28 0.73 +0.02 32 +6* 32+7* 3276* 31 +7*

Th 3.98 +0.03
Hf 5.80 +0.10

Yb 2.96 +0.04

Br 1.4970.18 12.8+1.6 12.4+1.4 4.40+0.01 5.40+0.01 4.40+0.01 5.40+0.01
Eu 1.33 +0.03 0.1416.03 0.1816.03 3.5 +0.3* 3.50+0.3*

PY 1.6270.06
Cs 1.81 +0.08

U 1.87-70.08

Sb 0.61 +0.02

Ta 0.610.05
Lu 0.40 +0.01

Tb 0.48 +0.01

* Concentration in parts per trillion (ppt)



Table All Elemental Abundances in Willamette River System

Sampling Site: Western Kraft River Mile: 118.20

Susp.Particulates Dissolved Cations Dissolved Anions

Sediment Surface 0.6xdepth Surface 0.6xdepth Surface 0.6xdepth

Total Dissolved
Surface 0.6xdepth

Element ( 119/9 ) ( 119/9 ) ( 711/m1 ) ( flg /ml ) ( pg/ml )

Al 8.64+0.04%

Fe 5.44-F0.01% 6.26 +0.41 35+8 25+5 31+4 70+9 31+4

Ca 2.85 +0.08%

Na 2.17-10.08% 7732 +72 300.0+0.2 296+0.2 300+0.2 296+0.2

X 0.91+0.12% 6412 +1770 110+9 '15+2 110+9 15+1.5

Ti 0.78 +0.02%

Mn 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

Ba 522+4

V 166+4.

Zn 662+202 32+6 13+1 32 +6 13+ 1

Cr 94.7+0.6 143.2+28.2 12.4+2.3 0.54+0.16 0<18i-0.01 12.972.3 0.0870.01

Ni 601-20

Rb 40+1

Ce 32.5+0.5

La 18.9 +0.1 28.0+3.5

Co 24.3+0.3 24.1+4.4 1.6±0.4 1.7±0.4 38 ±7 3.3 +0.6 39.6-1-7 5.019.7

Sc 18.8+0.1 11.0±0'7* 1.8 +0.6* 10.011.0* 26.0+1.7* 11.8-11.2*

As 4.9 +0.4 17.1+3.2 0.44 +0.02 0.27-10.01 0.4470.02 0.27-10.01

Sm 4.25+0.01 6.2640.2 0.05+0.01 0.02+0.01 0.05 +0.01 0.02+0.01

Th 3.24+0.08

Hf 4.89+0.07

Yb 2.48+0.03

Br 3.85+0.22 124.6+7.4 10.0+0.1 4.6+0.1 10.0+0.) 4.6+0.1

Eu 1.17+0.06 1.49+0.01 0.0014+0.0003 0.0004+0.0003

PY 1.37+0.01
Cs 1.74+0.10
U 1.43+0.06
Sb 0.54+0.01 5.8+2.8

Ta 0.60+0.05
Lu 0.38+0.01
Tb 0.58+0.01

* Concentrations in ppt (parts per trillion)



Table Al2 Elemental Abundances in Willamette River System

Sampling Site: Albany 5 River Mile: 118.45

Sus;. Particulates Dissolved Cations Dissolved Anions

Sediment Surface 0.6xdepth Surface 0.6xdepth Surface 0.6xdepth

Total Dissolved
Surface 0.6xdepth

Element ( )1g/9 ) ( 1-!9/g ) ( rg /m1 ) ( 719/m1 ) ( ng/m1 )

Al 9.44+0.03%

Fe 5.75+0.01% 4.61+0.23% 20+1 10+1 .30+10 10+6 50+10 20+7

Ca 2.84+0.64% 9009+66

Na 2.17+0.01% 6155 +318 130.0+0.4 166.0+1.1 130.0+0.4 186.0+1.1

K 0.87+0.34% 57+6 71 +8 57+6 71+8

mi 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 185 +3

Zn 2070+320 420+6 35+6 420+6 35+6

Cr 82.9+1.2 110.8 +24.1 100+12 113+12 0.18+0.01 1.11 +0.08 100.2+12 114.1+12

Ni 59 +18

Vb 39 +7

Cc 34.970.5

La 19.4+0.1 19.0+2.9

Co 20.3 +0.2 17.5+2.3 79+10* 84+10* 17+1* 4 +1 96+10* 88+10*

Sc 19.6+0.1 14.0+0.3 3.1+1.0* 5.6+3.0* 6.8+0.6* 4.9+1.1* 9.9+1.2* 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+0.08 27+5* 27+4* 27 +4* 27t5*

Th 3.26 +0.08

Hf 3.48 +0.12

Yb 2.31+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 1.00+0.40

DY 1.58 +0.07

Cs 1.53+0.14

U 1.11+0.11

Sb 0.69+0.04 0.03+2.3

Ta 0.63 +0,04

Lu 0.37+0.01

Tb 0.64+0.16

* Concentrations in parts per trillion.



Table A13

Element

Al

Elemental Abundances in Willamette River System

Sampling Site: Independence 1 River Mile: 99.0
Suspended Dissolved

Sediment Particulates Cations
( Pg/g ) ( Pg/g ) ( ng/ml )

0.05%

Dissolved
Anions
( ng/ml )

Total Dissolved
ions

( ;fig /ml )

Fe 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 68.3 + 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 70.1 2.28 + 0.20 0.016 + 0.001 0.016 + 0.001

Co 20.3 + 0.1 3.06 + 0.16 0.48 + 0.03 0.48 + 0.03

Sc 18.6 + 0.1 1.62 + 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

Hf 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

Dy 1.33 + 0.04

Cs
1.97 + 0.06

U
1.30 + 0.03

Sb
0.71 + 0.03 0.19 + 0.13 0.009 + 0.003 0.009 + 0.003

Ta
0.59 + 0.02

Lu
0.36 + 0.01

,u10 0.73 + 0.06



Table A14

Element

Al

Elemental Abundances in Willamette River System

Sampling Site: Independence 2 River Nile: 97.50

Suspended Dissolved
Sediment Particulates Cations

( P9/9 ) ( 119/9 ) ( ng/ml )
8.71 + 0.11

Dissolved
Anions

( 719/m1 )

Total Dissolved
ions

( ng/ml )

Fe 6,23 + 0.06 2.87 + 0.01 6.74 + 1.59 6.74 + 1.59

Ca 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

Mn 877 + 2 1514 + 9
....

9.8,+ 0.4 0.033 + 0.0003 9.8 + 0.0

Ba 544 + 11

V 149 -7 4

Zn
Cr 112 + 1

6.50 + 2.00 66 +5 66 + 5
Ni 35 + 11

_ -
ib 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 0.098 + 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
Hi 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

Eu 1.29 + 0.05 0.77 + 0.10 0.0009 + 0.0004 0.0009 + 0.0004

Dy 1.64 + 0.06 3.35 + 0.56
....

Cs 4.14 + 0.15

U 2.60 + 0.11. 1--,

.1N

Sb 0.82 + 0.02 h.)

Ta 0.71 + 0.03

Lu 0.42 + 0.01

Tb 0.66 +.0.07



Table A1Sa. Elemental Abundances in Willamette River System

Element

Al

Sampling Site: Independence 3 River Nile:

Suspended
Sediment Particulates

( 119/9 ) ( P9/9 )

9.28'+ 0.05%

99.0

Dissolved
Cations
( ng/mi )

Dissolved
Anions
( ng/ml )

Total Dissolved
ions

( n9/m1 )

Fe 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

1.21 + 0.11% 605 + 75 36 + 6 36 + 6

Ti 0.66 + 0.04%

14n 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

Co 20.3 + 0.1 3.06 + 0.16 0.48 + 0.03 0.48 + 0.03

Sc 18.6 + 0.1 1.62 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

Hf 4.49 70.07

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

Dy
1.33 + 0.04

Cs
1,97 + 0.06

U
1.30 + 0.03

Sb
o.71 + 0.03 0.19 + 0.13 0.009 + 0,003 0.009 + 0.003

Ta
0.59 + 0.02

Lu
0.36 + 0,01

Tb 0.73 + 0.06



Table A15 Elemental Abundances in Willamette River System

Sampling Site: Salem 1 River Mile:

Susp.Particulates Dissolved Cations

Sediment Surface 0.6xdepth Surface 0.6xdepth

86.9
Dissolved Anions
Surface 0.6xdepth

Total Dissolved
Surface 0.6xdepth

Element ( Pg/g ) ( ug/g ) ( n5 /m1 ) ( n5 /ml ) ( ng /ml )

Al 9.39+0.11%
Fe 5.90+0.01% 0.56+0.12% 5.54+0.76 15.8+1.3 5.54+0.76 15.8+1.3
Ca 2.79 +0.24%
Na 1.86+0.01% 1040+6 560+4 223+1 115+1 223+1 115+1
K 0.77+0.05% 742+85 429+67 55+7 32+5 55+7 32+5
Ti 0.84+0.05%
Mn 1045+2 227+2 163+2 1.10+0.03 0.46+0.01 0,35+0.01 1.10+0.03 0.81+0.01
Ba 401+8
V 163+4
Zn 61 +6 45 +6 0.59+0.12 1.48+0.15 0.59+0.12 1.48+0.15
Cr 82.0+0.7 10.9 +0.55 12.8+4.2 0.08+0.02 62+2* 276+60* 62+2* 356+63*
Ni 42 +13 4.53+1.48
Rb 35 +2

Ce 29.7+0.8 4.48±0.37 4.53+1.48
La 20.810.8 2.20 +0.20 1.86+0.08
Co 26.6±0.3 2.22+0.10 1.56 +0.13 54+3* 53+3* 54+3* 53+3*
Sc 20.1 +0.1 1.89+0.02 1.17 +0.02 4.1 +0.2* 4.8 +0.2* 4.1+0.2* 4.8+0.2*
As 6.3+0.2 1.24+0.02 0.67+0.14 128+20* 153 +4* 128+20 153+4*
Sm 4.55 +0.06 0.45+0.09 0.34+0.01 28+1* 21+1* 28+1* 21+1*
Th 3.48+0.04 0.46+0.06 0.29+0.05

Hf 4.93+0.10 0.87+0.27 0.30+0.10

Yb 2.59+0.03 0.4210.09 0.23+0.08

Br 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
Eu 1.30±0.06 0.12+0.03

Dy 1.43 +0.05

Cs 1.74+0.12

U 1.68+0.04

Sb 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*

Ta 0.65±.0.08

Lu 0034±0.06
Sb 0.73+0.02

* Concentrations in parts per trillion.



Table A16 Elemental Abundances in Willamette River System

Element

Sampling Site Salem 2

Sediment

( Pg/g )

River Mile:
Susnended
Particulates

( Ug/g )

84.9
Dissolved
Cations
( ng/ml )

Dissolved
Anions

( ng/m1 )

Total Dissolved
ions

( ng/ml )

Al z 9.01 + 0.07%
Fe 5.80 + 0.01% 3.67 + 0.01% 48 + 3 48 + 3

Ca 2.86 + 0.14%
Na 1.94 + 0.01% 4500 + 30 25 + 1 25 + 1

K 0.86 + 0.06% 2974 + 36 19 + 2 19 + 2W
Ti 0.69 ;0.01%
Mn 666 + 2 704 + 6

.....
1 + 0.01 70 + 0.05 71 + 0.05

Ba 390 + 10

V 160 + 4

Zn 631 + 41 3.41 + 0.23 3.41 + 0.23

Cr 83.8 + 0.7 115.7 + 25.7
..._

0.57 + 0.07
.._

0.66 + 0.16 1.23 + 0.17

Ni 42 + 10

Rb 45 +4
Ce 39.5 + 0.9 16.1 + 4.1

La 21.9 + 2.3 11.3 + 0.9 0.018 + 0.005 0.018 + 0.005

Co 31.3 + 0.4 12.9 + 0.7 0.083 + 0.005 0.083 + 0.005

Sc 18.0 + 0.1 8.61 + 0.2 0.72 + 0.004 0.72 + 0.004

As 7.0 + 0.3 12.3 + 4.1 0.070 + 0.005 0.070 .-+-0.005
.._

Sm 5.05 + 0.01
....

3.59 + 0.52 0.027 + 0.001 0.027 + 0.001
Th 4.72 + 0.04 1.80 + 0.50
Hf 5.38 + 0.11 3.86 + 0.60
Yb 2.72 + 0.04
Br 6.88 + 0.34 80 + 19 48.56 + 2.73 48.56 + 2.73
Eu 1.45 + 0.06 0.99 + 0.17
Dy 1.69 + 0.06 3.08 + 0.61
Cs 1.69 + 0.04

U 1.74 + 0.01
Sb 1.56 71 0.03 2.50 + 0.80. 0.044 + 0.004 0.044 + 0.004
Ta 0.71 + 0.05

Lu 0.32 + 0.01

Tb 0.96 + 0.02

t;



Table A17 Elemental Abundances in Willamette River System

Sampling Site: Salem 3 River Mile: 84.9

Suspended Dissolved

Element Sediment Particulates Cations

( P9/9 ) ( 119/9 ) ( ng/ml )
Al 10.21 + 0.08%

Dissolved
Anions

( ng/ml )

Total Dissolved
ions

( ng/ml )

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% 3039 + 162 19.5 + 2.3 19.5 + 2.3

Ti 0.89 + 0.01%
Nh 719 + 2 1127 + 7 24.0 + 0.1 0.50 + 0.005 24.5 1. 0.1

Ba 391 + 10
V 188 + 1
Zn 573 + 86 10 + 1

....

Cr 91.0 + 1.0 0.24 + 0.06_ 0.24 + 0.06

Ni 36 + 15
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

Co 27.3 + 0.3 0.016+ 0.002 0.0040 + 0.0007 0.020 + 0.002

Sc 22.9 + 0.1 9.2 + 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 1.80 + 0.08

Cs 2.19 + 0.06 2.15 + 1.20

U 1.81 + 0.06

Sb 0.94 + 0.02 0.68 + 0.20 0.04 + 0.004
....

0.04 + 0.004

Ta 1.13 + 0.08

Lu 0.37 + 0.06

Tb 1.C4 + 0.02

r-4



Table Al8 Elemental Abundances in Willamette River System

Element

Sampling Site: Salem 4 River Mile:
Suspended

Sediment Particulates

( Pg/g ) ( Pg/g )

82.0
Dissolved
Cations
( ng/mi )

Dissolved
Anions

( ng/ml )

Total Dissolved
ions

( ng/ml )

Al 8.91 + 0.11%
Fe 5.68 + 0.01% 5.02 + 0.12% 19.1 + 1.7 19.1 + 1.7

Ca 2.62 7 0.13%
Na 1.76 + 0.02% 813 + 5 89.0 + 0.5 89.0 + 0.5

K 0.90 + 0.05% 585 + 72 38.0 + 4.8 38.0 + 4.8
Ti 0.88 + 0.06%
Mn 1146 + 2 130 + 1 7.4 + 0.1 0.035 + 0.001 7.4 + 0.1

Ba 499 + 17
V 180 + 5
Zn 148 + 4 1.70 + 0.30 1.70 + 0.30

Cr 94 + 1 119 + 4 0.88 + 0.12 0.26 + 0.06 . 1.14 + 0.18

Ni 36 712
Rb 39 +2
Ce 40.0 + 0.3 1.65 + 0.39

La 25.8 + 0.1 1.92 + 0.15

Co 24.3 + 0.1 3.54 + 0.20 0.045 + 0.004 0.045 + 0.004

Sc 20.3 + 0.1 1.57 + 0.46 0.005 + 0.001 0.005 + 0.001

As 6.8 + 0.4 1.22 + 0.16 00.11 + 0.02 0.11 + 0.02

Sm 5.47 + 0.01 4.20 + 0.10 0.023 + 0.001 0.023 + 0.001

Th 4.61 + 0.09 0.40 + 0.06

Hf 5.64 + 0.11 0.38 + 0.11

Yb 2.59 + 0.03
Br 3.58 + 0.26 4.20 + 0.24 4.48 +0.21 4.48 + 0.21

Eu 1.21 + 0.07 0.10 +_ 0.03

Dy 1.53 + 0.03
Cs 2.21 + 0.11
U 2.22 7 0.11
Sb 0.45 + 0.02 0.10 + 0.05 0.012 + 0.003 0.012 + 0.003

Ta 0.80 + 0.03

Lu 0.43 + 0.01
Tb 0.46 + 0.01



Table A19 Elemental Abundances in Willamette River System

Element

Sampling Site: Newburg 1 River Mile: 52.50

Suspended Dissolved Dissolved Total Dissolved

Sediment Particulates Cations Anions ions

( 11g/g ) ( Pg/g ) ( ng/m1 ) ( ng/ml ) ( ng/m1 )

Al 8.91 + 0.11 +
Fe 5.68 + 0.01 10.54 7 0.35 14 + 2 14 + 2

Ca 2.62 7 0.13
Na
K

1.76
0.90

+ 0.02
+ 0.05

3.32
2.18

+ 0.02
+ 0.07

110 + 0.1 110 + 0.1

Ti 0.88 + 0.06
Mn 1146 + 2 2500 + 32 0.76 + 0.03 0.15 + 0.001 0.91 t 0.03.
Ba 489 + 17

_

V 180 + 5

En

Cr 94 +1 292 + 20 0.36 + 0.09 0.36 + 0.09

Ni 36 + 12

Rb 39 + 2

Cc 40.0 + 0.3

La 25.8 + 0.1 47.9 + 2.1

Co 24.3 + 0.1 51.2 + 4.3 0.015 + 0.003 0.015 + 0.003

Sc 20.3 + 0.1 38.0 + 0.4 0.0030 + 0.0002 0.0030 + 0.0002

As 6.8 + 0.4 28.0 + 3.4 0.097 + 0.007 0.097 + 0.007

Sm 5.47 + 0.01 11.54 ;0.20 0.003 + 0.0005 0.003 + 0.0005

Th 4.61 + 0.09

Hf 5.64 + 0.11

Yb 2.59 + 0.03

Br 3.58 + 0.26 170.02 + 4.13 7.5 + 0.01 7.5 + 0.01

Eli 1.21 + 0.07 1.96 + 0.46 0.001 + 0.0007 0.001 + 0.0007

PY 1.53 + 0.03 1.80 + 0.30

Cs 2.21 + 0.11

U 2.22 + 0.11

Sb 0.45 + 0.02 0.015 + 0.002 0.015 + 0.002

Ta 0.80 + 0.03

Lu
0.43 + 0.01

Tb 0.46 + 0.01



Table A20 Elemental Abundances in Willamette River System

Sampling Site: Newburg 2 River Mile: 50.50

Suspended Dissolved Dissolved Total Dissolved

Element Sediment Particulates Cations Anions ions

( 119/9 ) ( Pg/g ) ( ng/mi ) ( ng/mi ) ( ng/ml )

Al (%) 8.94 + 0.10
Fe (%) 5.86 + 0.02 4.03 + 0.01 13 + 4_ 6 + 2 19 + 4

Ca (%) 2.85 + 0.24
Na (%) 1.76 + 0.01 0.95 + 0.002 165 + 0.4 165 + 0.4

K (%) 0.96 + 0.01 0.65 + 0.02 125 + 0.1 125 + 0.1

Ti (%) 0.82 + 0.01

Mn '961 + 2 0.24 + 0.001 1.1 + 0.1 0.05 + 0.001 1.1 + 0.1

Ba 553 + 9

V 168 + 6

Zn
Cr 90 + 1 101 + 6 26 + 0.1 0.39 + 0.01 26.4 + 0.1
Ni 40 + lo

_

Rb 51 + 13
Ce 44.0 + 0.3 30.4 + 4.8
La 22.1 + 0.1 16.8 + 0.7
Co 26.1 + 0.1 21.2 + 2.0 0.122 + 0.004 0.122 + 0.004
Sc 21.3 + 0.6 14.5 + 0.3 0.005+ 0.0002 0.005 + 0.0002
As 6.6 + 0.2 7.9 + 1.1 0.10 + 0.006 0.10 + 0.006
Sm 4.82 + 0.04 4.37++ 0.07 0.024 + 0.004 0.024 + 0.004
Th 4.38 + 0.03
Hf 4.88 + 0.11
Yb 2.27 + 0.29
Br 3.83 +0.13 38.55 + 1.27 4.86 + 0.05- 4.86 + 0.05
Eu 1.28 + 0.06 1.16 + 0.16 0.0005 + 0.0001 0.0005 + 0.0001
Dy 1.98 + 0.08 4.60 + 0.93
Cs 2.35 + 0.70

U 2.05 + 0.13
41.

Sb 0.63 + 0.02 4.17 + 0.59 0.032 + 0.002 0.032 + 0.002 `1)

Ta 0.83 + 0.04

Lu 0.53 + 0.01

Tb 0.81 + 0.06



Table A21 Elemental Abundances in Willamette River System

Sampling Site:

Sediment

Newburg 3
Suspended
Particulates

River Mile: 48.00
Dissolved Cations

Surface 0.6xdepth

Dissolved Anions

Surface 0.6xdepth-

Total Dissolved
Surface 0.6xdepth

Element ( pg/g ) ( Pg/g ) ( rig /ml ) ( r5 /ml ) ( ng/ml )

Al 9.28 + 0.12 %

Fe 5.83 + 0.01 % 4 + 0.5 5.6 + 1.4 9.6 + 1.5
Ca 3.25 + 0.27 %

-

Na 2.08 + 0.02 % 0.310 + 0.02 % 118 + 0.1 118+ 0.1
K 0.98 + 0.02 % 0.53 + 0.02 %

Ti 0.86 + 0.05

Mn 812 + 2 2020 + 12 2.67 + 0.03 0.08 + 0.002 2.75 + 0.03
Ba 559 + 9

V 161 + 4

Zn

Cr 94 + 1 87 + 11 0.019 + 0.005 0.019 + 0.005
Ni 38 + 11

Rb 46 + 13

Ce 43.7 + 0.2 18.0 + 8.2

La 23.6 + 0.1 10.9 + 0.7

Co 26.1 + 0.1 76.7 + 4.0 0.013 + 0.003 0.013 + 0.003

Sc 21.3 + 0.1 7.64 + 0.2 0.0047 + 0.0002 0.0047 + 0.0002

As 6.6 + 0.2 6.0 + 1.1 0.022 + 0.006_ 0.022 + 0.006_
Sm 4.68 + 0.01 2.50 + 0.08 0.026 + 0.0004
Th 4.40 + 0.03

Hf 4.50 + 0.11
Yb 2A:16 + 0.29

Br 2.21 + 0.12 50.76 + 1.41 5.0 + 0.05 5.0 + 0.05

Eu 1.52 + 0.06 0.84 + 0.28 0.0015 + 0.0004 0.0015 + 0.0004

Dy 2.14 + 0.04

Cs 2.41 + 0.08

U 1.54 + 0.11

Sb 0.56 + 0.01 3.56 + 0.63 0.085 + 0.001 0.085 + 0.001
I-1

Ta
Lu

0.80 + 0.03
0.47 + 0.01

0
c >

Tb 0.72 + 0.01



Table 22AElemental Abundances in Willamette River System

Element
Al

Sampling Site:

Sediment

119/g )

8.999+ 0.11%

Wilsonville 1

Suspended
Particulates

( nig )

River Mile: 43.50
Dissolved Cations
Surface 0.6xdepth

( 11g /ml )

Dissolved Anions
Surface 0.6xdepth

( ng/m1 )

Total Dissolved
Surface 0.6xdepth

( ng/ml )

Fe 5.19 + 0.04% 2.80 + 0.11% 3.6 + 1.2 3.6 + 1.2
Ca 3.56 + 0.54%

Na 1.84 + 0.01% 1.02 + 0.01% 102 + 0.1 102 + 0.1
K 1.00 + 0.24% 0.37 + 0.01%

Ti 0.72 + 0.05%

Mn 643 + 1 1450 9

Ba 492 + 66

V 164 + 5

Zn
Cr 93 + 4 146 + 10 0.290 + 0.007 0.290 + 0.007
Ni 32 + 19
Rb 30 4712
Ce 39.4 + 1.0 12.0 + 5.8
La 22.4 + 0.2 11.1 + 0.8
Co 23.3 + 0.3 13.1 + 2.5 0.0018 + 0.0003 0.0018 + 0.0003
Sc 20.5 + 0.5 10.64 + 0.23 0.0030 + 0.0002 0.0030 + 0.0002
As 6.8 + 0.6 4.69 + 1.4 0.064 + 0.007 0.064 + 0.007
Sm 5.25 + 0.02 3.16 + 0.08 0.029 + 0.00043 0.029 + 0.0004
Th 3.85 + 0.22
Hf 3.77 + 0.68
Yb 1.79 + 0.31
Br 1.69 + 0.49 57.39 + 1.45 5.42 + 0.05 5.42 + 0.05
Eu 1.37 + 0.05 1.00 + 0.23 0.00130 + 0.00038 0.00130 + 0.00038
PY 1.51 + 0.05 1.20 + 0.60
Cs 1.74 + 0.15

U 1.41 + 0.21
Sb 0.62 + 0.10 1.25 + 0.60 0.016 + 0.0016 0.016 + 0.0016
Ta 0.74 + 0.08

Lu 0.38 + 0.03

Tb 0.66 + 0.17



Table 23AElemental Abundances in Willamette River System

Sampling Site

Sediment

Wilsonville 2
Suspended
Particulates

River nile: 39.50
Dissolved Cations

Surface 0.6xdepth

Dissolved Anions

Surface 0.6xdepth

Total Dissolved
Surface 0.6xdepth

Element A nig ) ( Pg/g ) ( ng /ml ) ( ng /ml ) ( ng/m1 )

Al
Fe

9.33 + 0.11%
5.50 1 0.02% 2.32 + 0.10% 3.0 + 1.1 22.8 + 2.3 25.8 + 2.7

Ca
Na

2.74 0.77%
1.90 + 0.25% 0.61 + 0.01% 90 + 0.2 90 + 0.2

K 0.77 + 0.25% 0.29 + 0.01%

Ti 0.79 +0.05
Mn 693 +3 1812 + 12 2.16 + 0.02 1.61 + 0.01 3.77 + 0.03
Ba 493 + 51
V 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 -71.0 14.5 + 5.4

La 19.6n+ 0.2 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

Hf 3.69 + 0.23

Yb 2.02 + 0.24

Br 1.85 0.43 18.30 + 0.96 4.50 + 0.04 4.50++ 0.04

Eu 1.29 + 0.07 0.62 + 0.21 0.00096 + 0.00037 0.00096 + 0.00037

Dy 1.48 + 0.03 1.69 + 1.10

Cs 2.13 + C.15
1.27 + 0.19

Sb 0.59 + 0.23 1.73 + 0.46 0.0333+ 0.0021 0.033 + 0.0021

Ta 0,67 + 0.07
Lu 0.34 + 0.02
Tb 0.64 + 0.16


