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ABSTRACT

Chinook salmon held in mixtures of dechlorinated reactor cooling

wulwr nod rawv Coilumbia River water suffered no lniresased mortallity and

only slight retardation of growth in & 50 per cent mixture during the
+ime vhen sodium dichromete was not added in the reactor conling wmter
trectment process. However, upon the addition of 2,0 ppm dichromate
/0.7 ppm 2r(VI)_/, increased mortelity resulted in the 10 per cent mix-
ture cnd growth was retarded in the 3 per cent aixture. In greater con-
centrationz, increased mortilities ‘rere ‘etectable four to five wveeks

after !-.atéhing and high death rates ccenitinued for many weeks.
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EFFECT OF S0DIUM DICHROMATE IN RRACPOR COOLING

WATER ON YOUNG CHINOOK SAILNON -
TETRODUCT ION
The treatment process for the water used to cool the Hanford reactors
has 3included the addition of two substences, chlorine end sedium dichro-
aate as nagc:rao-,.engo, which are toxic to aguatic life.(l’g) Since the
{

water ig heated during its passags through the reactor, end is then hLeld
for several nours in an open retention basin befors discharge into tie
river, the free chiorine iz reduced to negligible amountis and does not
constitute a hazard to river life. The water treatment process has ususlly
included the sddition of 2.0 ppm of sodlum dichromate. In April of 1952,
hovever, the addi‘icn of dichromete was stopped in sll arua,(3) for a
period of sevaral months. Now, after s period of laboratory and in-pile
tefts, schndules ¢all for a studied reduction in the sddition of dichromate

beiow 2.0 ppm for st leaat one reactor.{h’j)
The toxicity of the coolant to the 100-F reactor was evaluated during
the tima vhen dlchremate wes asbsent and again when addition was resumed.

. Comparisen of the rerults of the two tests provides background Informatior

ureful in sstismting safe levels of dichromste mdditiom.

MATERIALS ARD METHODS

The rirst study, iuring the peried when dichromete was sbsent, vas

started on October 30, 1952. when ~hinook salwmen eggs wers avallable. It
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wvas terminated on April 10, 1953, when additlon of dichromate to the pro-
cess water vas resumed. Approximmtely 11,000 eggs, obtained from the
Washington State Department of Fisheries hatchery at Soos Creek (Puget

Sound drainage), were rendomly distributed smong troughs with the follow-

ing conditions.

1/
Columbia River Water =~ (3 comtrol troughs)

5% 2/ Dechlorinated Reactor Influent 3/
10% Dechlorinated Reactor Influent ’
o chloricated Resctor Imfluent

50% Dechlorinated Reactor Influent

1/ ‘This is water from the 131-F pump house and contalns small

amounts of the effluents originating from the upstream reactors.
Preamvmably the contribution of effluent water from upstream

resctore ix lesp than e peT cemte.

2/ YPercentage figure indicetes the mmeunt of 4he experizsuta
water wnixed vith Columbia River water.

3/ |TReac:or influext is the process weter vhich has undergone

treateant and fs swynlled L2 the r2acisy aF & codlamb. In Lhis

study, 1its temperature was adjusted to that of tae river water.
Re#idaal chlorine wvas removed by flltratlon throagh charcosl.

The egges end ravulting fivh vere given normel figh-cultural care. Re-
cordy of mortality and growth vere meintained. As the fish increased in

8ize, the mmbers held in each trowgh were reduced to prevent overcrovding.

The second gtudy, during the period vhen 4!chrowate wee zdded et the

™te . Pom Lo the proceyy weter, tegnr on Novemher 1, 1751 end wes
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completed on April 14, 1954, Thn experiment was conducted for the same
number of days as the Tirst test. Equipmert end opereting procedures were
identical, axcept that approximetely 23,000 eggs were used to provide

duplicate iuts and one new condition, three per cent dechlorinated reactor

influeut, wes added.

RESULTS AND DISCUSSION

4

Mortalities which occurred during the egg, fry -]-‘-", and fingerling Q/
stages sre shown in Figure 1. MNone of the lote suffered significant mor-
talities at any stage during the period when dichromate was absent. When
dichromate war sdded. no significant mortalities cccurred in any of the
lote during the egg stag:. YThe egge appear 10 be quite resistant to many
chemicalg. however, porsibly owing to the protective actlon of surrounding
mambranes. Duripog the fry stsge, higher mortalities were indicated in
conceptrations as low ax “ive per cent, PFingarling and total mortalities
wers gignificantly greater rt the ten per cent and higher levels.

Flgure 2 shows cumlative mortality at waekly Intervals after
hatching for the fish held in the effluent containing dichrommte. Not un-
t11 shout four weeks sfter hatching did mortalities increase ahove normal
ia the higher concentrations. Subsequently, they contimued high during

the lstter part of the fry stage and duriez the fingerling stage.

i

The young fish {e cnlled a fry upon hot:hing from the egg. During

LR

i
tuls stage it ig nourished from = jo0lk sac

(38}

The fry tecomes & fingerling when the yolk sac i{r sbsorbed and
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Figure 3 shows the growth of the salmon which were not exposed to
dichromate., Little or ne growth retardation cccurred at or below the 25
per cent level. Figur® b shows growth of the salmon which wers exposed
to the dichromate. Growth was retarded even at the three per cent level,
Early development was also rétarded in the greater concéntrations, Abdb-
sorption of the yolk, which merked the termination of the fry stage, was
delayed geverzl days in the 25 and SO per cent levels and vas slightly
retarded even st the 10 per cent level., Thie deley 1s indicated by the
starting date for th appropriate curve in Figure i. The fish in the 25
and 5Q peT cent lots were unable to utilize food normally and actually

lost welght. The fish in 10 per cent influent showed little growth.

Water temperatures prevailing during the twe experiments are shewm
in Figure 5. Separste stulire hreve shown that lower temperatures, parti-
cnlarly during the early incubetion of the eggs, tend to favor survivel.
Thus, temperatures eucountsred dixring the second year when the dichiromate
vas present werwe more favorable t-an during the 1652-53 pariod vhen the

dichromate wam sbrent.

These teats imdicste that in the avaence of dichromwate the dachlori-
nated rescter influemt 1z comparatively rontoxic and cam be tolerated by
young salmon im concentrations as great ns 50 per cntgror sevaral mowntlas
without signiflcemt effect. When 2.0 ppm of sodiwm dichromete iz added
to the process vater, hovever, it becomes sufficiently toxic that at 25
per cent strength appreciable mortality occurs, st 10 per cent strength

soms mortality and substantial retardation of growtk occur, and at 3 par
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cent, strength [0.06 ppe0f sodium dich. omate or 0.02 ppm Cr(YI)J signi- ?
ficant retardation of growth occurs. During the peried of minimm flow H

0

“or theuviumbie Fiiver, waich occurs during the winter months, the concen- -
4 . ,zji,

. ‘ation of reactor effluent mey approach 0.8 par cent / equivaleat to

-ty N
2,016 pp= scdlum dichromaie ur 0,005 ppm CriVI)_/ when uniformly dispersed

throughout the river.

¢ While thess 2tudies strongly pointed to the dichromate present in the
influent, as tﬁu cause of the toxlclty, the evidence was somewhat circum-
stanti=l. A test which determined the toxicity of sodium dichromate per
se was run in 1955,(6) which showed that gurvival of young salmon and o
trout was affected at 0.0B ppm Cr(VI) apd that growth was slightly retarder,
at about 0.02 ppm Cr(VI).

e
<

Q
ACEN(MLETGMENDS
©

The author wishes to express his apprecilation to R. F. Foster for
guidance and many helpful suggestions. Statistical analyses vere mde by
Radiation neasoureunt Evaluation of the Blophysics Bectien. Thw ks are
aleo extended te A. C. Schroeder and the Bilolegical Attemdants who assisted

With the care of the animsls, cperation of equipment, and recording of data.

° I}

C DROUSSFE) <




il N o

BIBLIOGRAPHEY

1. Doudoroff, P. and M. Katz, "Critical review of literature on ihe
toxicity of industrial wvastes and their compouenia to fish, I.

Alknlies, acids, and inorganic gases,” Sewage and Ind., Wastes 22,
No. 11 (1950).

i

2. Doudoroff, P. and M. Katz, "Critical review of literaturs on the

toxicity of industriel wastes and their componenta to fish." Seware
end Ind, Wastes 25, Xo, 7 {1$53).

3. Purcell, R, H., "Final report, Pr-105-53-P sodium dichromate elimi-
nation tests,” Documemt HW-2h000 {19%52) {EECRET).

4, de Halas, D. R., "Final report, effects of various small dichromate

concentrations on fromt process tube corrosion,” Document HW-3088L4
(1954) (SECRET).

3. Miller, N. R. and D. R. de Hales, "Production test 125-542-E, re-
Auctisa of the amount of dichromate added to pile cooling water,”
Document HW-31577 (195h) {SECREY).

6. Olsom, P, A. snd R. P, Poster,"Effect of chronic sxposurs toc godium
dichromata en youms chincek selmon and mainboy trout,” in "Blology

Research - Annual Report 1955," Document EW-41500, p. 35 (1956)
(UNCILASSIFIXD).

EAE g




	1.TIF
	2.TIF
	3.TIF
	4.TIF
	5.TIF
	6.TIF
	7.TIF
	8.TIF
	9.TIF
	10.TIF
	11.TIF
	12.TIF
	13.TIF

