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A BSTRACT

A continuous upward flow sedirnentauton urut was ueveloped
to test surtace waters at remote U, S. Air Force radar stations
in Alaska for the presence of eggF of Echiraococcus, Chlorina-
tion employed at tn.eps,& wVater .supplies as not an effectivK: protec-

norn, Marnv anmiais -n these areas are infected with the tape-
worm, and man can serve as a host for the larval form.
DIagnoses of ech-nococcos.s an the native population ca(used
concern by the Aar Force for health of Air Force nersornel.
Lack of early disease symptoms and unr-eliab.ilt of clinical

tests necessitate physical surveillarice of water supplies.
Laboratory tests validated methodology. One fcIid test showed
ne tatve r .eut, Further tests are recommende.

PUBLICATION REVIEW

vzrh~ k4C
HORACE F. DRURY
Director of Research
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A MET4-HOD OF DETR- RMNING I K PO.L--ON
OF SURFACE WAE.kS NA1 ,Y T EGCGS

OF E, -INC)(X.ICU $

S -F T1 NI N. 1~ T 10r IN

Many U, S. Air Force remote radar sites ..- Alaska use surface ponds for
-. -C .. .. .. 'lorinatnon is the o'ilv tr'eat ent orovided. The

presence of canine amTTmals infected with cestodes of the genu s vilk nococcus
on the watersheds, and the discovery of cases of echanococcosis in hurmans
on St. Lawrence Island and other places -: t;ae western coast of the Alaskarn
mainland were of interest to the A.tic .-tkeromedical Laboratory because of
the Axr Force personnel stationed in these areas.

The presence of rffected canines near the Air Force iti.zalfations was of
public health signdlicance because n-ian can serve as a host for the larval
stage of the cestode. in Alas.kas, dogs. red ansd arctic foxes, and wolves
serve as hosts for the adult icrmn of the ,worm while moose, carinoun and
voles serve as the natural hosts for the larval form:, dependng upon the.

soecies involved. Man is not a host for ýhe' aduoit tape worm; however, the
oncospheres -iil survive n rr-an, penetrate the wa!! of the intestine and be
carried tn the blood stream to the liver or other organs (depending upon
conditions and species) and develop Into a lr tat often. is a

Rausch (1952) reported that lhumnan cases were diagnosed frequentiy in the
native population in Aiaska. He stated that the mnost probable method of
udection occurs from accidental portage of eggs to the mouth from hands
contanuriatcd Zn handi:ng dogs, articles contaminated by fecal deposits of
irnected dogs. and improperly cured furs. He mentioned the possibility of
'eater which is contar•nnated with eggs as a possibie source of irfectilon. In
addition, Rausch (1958 quoted Yamnashita (1956) as expressing the opinion
that contaminated water supplies mught be of importance in mnlections on
Rebun Island, Japan. Rausch and Schaller %1954) reported on ihe incidence of
Echtnococcus on St. Lawrence island and again indicated the possibility of
the presence of Echinococcus eggs in water supplies, suggesting that they
might be a source ot hunian tndection, They successfully infected voles with
the eggs of .K. sibiricensis (=:E. muiltdocularis) which had been kept 1n pond
sater a* rooml temperature for N days. if testing the viab;lity of the" eggs at
low temperatures they found that soeno eggs were still irfective after being
exposed to temperatures as low as -56 C. Tulloch (1960) also cited water
supplies as a possible source of vnfection and expressed the belief that of the



"infl t" r ,, .tt. EK ,:"o;o u. .epresviti 04.- 1. .-! . r , 'S health izbarr

t: r'initry p . nn"'- . ..T ... 2 in the-, Itis! Yt.rkm' tit irv'a U, \Aiaýi.'.t

Sevra a"ýl~ltrduerto"o lcuiifl;( C biee i~'memtigattQC A4

a. means A9 vavLy hu'''an diagnosis, sint r fi'yu to to yeur5 may, elapse. before

Suloptums dtv i-'9w r.4xet and then syiiitnnnltic ciagr'-m; :s adiclt. u

kirntortant that rnea sures ot. emi oye " i) prevint -,A I11..s A jr rcept-

3014091t~l ho~i are~ c not fnz~a r %with teprobleri Tu4 W Cs end t he Alaskan Air

Vonu;;4flG has pranugatca rugnnui prturibsitng 30pu: of jugs {-r:n,

5'" Lawsrence island a nd restricting dctimitt't of doiJ(s i)n th-' radar sites.

Alom ocOly carr living persocinel are' pre surnably mndoctr''irted to th hazard o.

handring native dog,zs Eun, etc. ,and are remin-ded to; v-al m ror eals.

Althoughthis repre~senits the moost serions hazard. the pi- sitbility of ai con,

U, :ýW xvtpr supulv nnist be considered. Douipas (959) ftes-a that s wa-s

niot a haar at * i 4 ed installati~ons. bun W~s a thra ' '' , f i aititei

Ac tually A heact cci do-es ox: gt at fixed instailati;rný ' s~n.-e lxrmtm s- tiee

ON~y posit've method of tre:atrnent employed. anni the reitance tdu9 t Echina-

LOCCUS. eggs to chloricie has been de monst rated. Meyer:; at the Axrl tic Health

Resarh Centt Ioust thaI ~thx do andl Uchlrml v4) to 1030 my~ ,/ . for' ten

minutes c ontacet would rnot affect t-he '.nab!Ility, of tlhe- eggs (~unpubhshife'i repor.-t).

Ui Storage is providued at 0itXV installationts, some eggs nOgolt be- cemwved by
sedcner,-tatton anni 'hence thle hazard nittbe less than in the Lld' ' hos'"ýeve it

this ii niot a ~0iiVc ontroi Consequently, an :Inst~ato v iti' ated

to determine the p'-esenc e or absence r-f 1½ htococ.cus egý,gs in t h- s ia

'cater saiprpies of rem-ot-e Air %o~rce sttoo n AlaISKA.

SECTION 2- DEVELOPMENT OP THE, METHOICD

It.v.as expecte'd that surface x'.ater suppslies contarrinated Un Won V,

COCCUS eggs wouldi contatn a sUMal concerntration of th~e eg4gs. mhey~ rme ght kt!

present only in the bottom. layer oi water in the' reservnim:r becaý'use !)t uto'

cc mcovai of the eggs from tthe. ;ate r by settling, TI he retore. the cc. ,tnon

flot-ation m-netnhod~s for se-parating parasite eggs f½ ~ ltou't-d ket're nc-cessa li

ruled out. Ron.an arid Gramn (1959.) reported noi ca tho of reco".' "' g ~-
of -Schistosorma from- large qu-antities of seisage u~sing a b7onti w

zontal sedzmrneritation basiri. The eggs ,_ e remoe fromn the t iri- by

floitation and' the sample was then tikerc'd. The eggs -, ere qtainedi !h~ te

use of ninhydrtn. Meyers ( 9 hi) a'ngvOni use- ;f Sto--keý s Lavs ,t Las -ttle to-

dete r-mniri Olt Specific gina v'- ýf E c I '; nLou -,c o'tcs vggs i s ave ragiflg *, C' -ith a

range of l, . if,; to I. Vti. These cieterni,.nations Ascre m-ade -,n egg-- having a.

'ha meter v'aryinig f rome .3 to 1b ri' to s. A vecrt cal flo's rtl .r ch ~amrbe r

va s coens ide red prccfe tabi to a hori zontal . hamberCI since5 it could0 be erniiu,ovci



T",he f "e 'lt .x ith, nt -i mo; f ifn4 ( t- r f- r Vc Tit .1 i' f) It .%I± ~
AN Attri &E ir"ita r c con± siv p ±n ,*t MP "Pi t~*1

SON4 to Asgn s 4 trt vcai yte',-; secficali tr rn'. i.,A thes,- part" WA.

o•rtw, r s zz O w art. m.ir xtuirle) b''if , S-L Can. be.-t 1.!r'P o. - d.

Stake's invui st O ,' that t-cohen a. discrete sphorwal parUt, e taIs tjc ro"g---

a fl~C~- the WY Y A~ gravoy m .awy " the Mn.' Q_ te f!4Av '~y!

respect to the. part cle is on-turbu!ent ('a nnar flo\%,[ the peortnle ,,,d-l

accelerate until ant ultixrnwte v 1
0octy (Sitt•.Mng v';iocity, i;s achievedlue CIut!

the visc ous tesistance of the flui. oCyn.f or absolute. V'Sfosity. gLI. :hxs

retauionshxp is es,,abhl shed i r teo '"n CU-rt;

where g gravity c:.)•tari 982 crrl/sec t

-4flniast de.' t. pvaurticle, g/i',.
Tr-iass density of fiuid, gi( to

S- eftective daa. 1 eater of part..Ole

Assuitg the moost critical basis for designing the charnber, the .trtallest

egg expected to be remncoved vtas assigned a diai ter oi Z5 m•,icrons
(2, 5 x 10-3 crn- aind a myiass density of 1 .0 g/cm. Since colo water has a
greater vicosity, the ",,'cof-ty of rat 5'' C -, %,as used, I, e. , 1. M x 10-,

dy.ne-se, c in, Su'.bstuittrg ni Equaitifon I estib1is..,hes the munnit l:el" v. as-

98z ( 1 .05 . .0999() (2Z5 x 10
18 (.1. 5C x Io-C.

K i4 x 10 3 cmV.!svc

Any particle larger or hea-vier v± .,,id have a greater v, aond "m.uild also

WettM. And i t;Qe vxscosity ,ere decreicsd du, tW war,,,.,r •-ater. then vs of
thtis particle w. oujd be greater, H. Povever, in order to corderm .vith Stoke's
W.o, the flow on-ist be larnrunar. Lamrniar floi s considered to ex;st v± hein

the Reynolds numober NM, is less tha; V. S5 N,. "r ctiterinined frorn the

following reatmionsitp:

Eq,.atuort 11. N 0

Substuting for the varzahles.

3



Ch • Ip) i. >4 x 2. 5 x 11

1. 8? x 1(7-4

1Ahich is x, eli "v ithi the iarntra r range. and Sto.ke ' a L s app1cnh'.
INe chrber selected had a c" rAh I A)--

dicta:ed the flow rate. Q fr,,-m the .ell known relat ,.nshp

LSuatiorn II, Q0 A V

In order to rnaintain ,the up- s. rd velocity of the v. ate r at a vmi, e just beios

vso that the particles -owtd settle, Q was deternroned as:

Q < AC vS

Q < 555 x 1. 14 x lo.
Q < 0.633 cc/sec - 38 cc c.,n

Arctukiiy, arty Q' less than 38 cc /rnr ,ould have been satisfactory, but U)

order to partially overcome the inevmtabhe occurrence of currents and short

circuits, the Q, as set at 30 cc/mim. Thus, in one ho;ur tneý qazantxty pumped
would be 1. 8 lcrs. andi in one day w.olb overe43 er. The tank W,.40t

wa selected at approximately four timxes the %i dth (Figure 1) and contained.

when full. approxirtely 50 liters of wuater.

SECTION 3. PROCEDURE-K

Init ialy, the sedrnment obtained from several hundred :ter s of 'aate r 'k as

to be draw•n off from the bottor, of the settiino, charinlber and recovered on

filer paper. The eggs would then be stained v.ith ninhydrin to fac~i:tate

iden'tificatmon- H{owaever, it -\:xas found that the eggs did not take the r.nhydrin

stain, and wxth somr.e warter ani.pies tlhe membrare flter ". th a pore soZe of

five n-ncroons ciogged fairly apidlv. Consequently. the sanmple ;,a Ascentrc.-
ftged so that rnost of the sediiner:t v.a-s eventuLally contaned i, a vOlurt of

approxymately I nI. Several loops of sediment cA-c ihen deposited xn each

oQ several slides w h-ch were vaewed at 1 0OX to deterr..n.e the presence of t;!..

egg;. Ouspec ted Pa it ic et.- "VI.kr -it 1 ghe po ers, Be cause iv

their cha racteris.tc shape an 6  La rly dark. color, the egg.F ',k reat.

iderntt ed vitlhout stain1ing.

4
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BAýe.fore r eco.erv. Ec hit.ococcs egQ f[roun the "ater supply va s
at;e npItti, sc .t ra lraI alruris %& ere conducted using plastic spheres (obtained
Irarn..h the l)i-. Phys i Research Laboratory and shown in Figure 2) whic h
ha. a n,,-ic,..c gra.v-ty , i .f0i and varied n d:.ayneter from 28 to 56 rnicrons.

0. 0FO I -11.'

0.0 0]

Plastic spl--.eres rc eedfrom u,.-it

S-;rci thf•. Settl;.TIIg veli,,ci~ty iý, a function of slpecitic gra;.vity and] dia. neter, the

larger" but 1ighter plastic spl--eres behaved s,,rm larly to the Echi~noco~cc,,,s eg.g

11i h-e first Laboratory test 'ýf recov.eryi One cc of thLe su~spension of Plastic

spheres was 'Axar.:•duc..t dr .-t large tank- of 1rap water, and after parn•ping for

24 hour',4 two !ite.rs weewtd•..;fr,)r-i the bottom (-ý the chamber and

c en,.trllu~ge ro T he :Le cilmer'•,: I'll "•.ce •.r f tube w•as oabvious, and a loop

s•r~ eid m b•:sliSde" co(r~flreed :~ep e e c.,f, thre plastic spheres-. Alth~ough,
n V . .a,.oo,..o. ;.,., i.a lit, ,- ... - ed the mT.etilod w,.as

. .. . .. r- - "

r, pe t.--ic! S *'~n g .-• '.Ii'e nYi ,i'"k - .'A n o --v i~a '.W) e .r" c;.r e '•.. g g s a n d p r o g lo ttid e s
.a r,'-ne •roý.yrriat a! -. m~e of

",.}..cLe,•,_,b •t er ','o'e: r,•n t ;et n - . . a iL I••

,:ut;)o ( bt3..l••;d {r3;' i'., Roh.ob rt. Ra'•-s~c.V Ar c '-Iea th [,.'•e- c er er
.1;~ c ' g -- •,'C~ ,, a1t -,. l h Cer.

TM-



centrifuge tube and deposited on the slide contained a large narnber of §KiIa-

coccus eggs (Figure 3b. This demonstration was considered sufficiently

accurate to warrant use of the method in the field.

AbA

0.0

FIGU RE 3

Nocnvia~ble FEchinococcus eggs recovered firom -,,nli

Since none of the A,,- Force installations an St. 1Lawrenice I-sland uise

suirface. water supplies, a s-tation on the wvestern coast of the mainland was

Chosen for the te-st. The Air Force station near the native -village of

Unalakleet obtains wateýr frorn a striall reservoir, which is iocated at sorne

distance, from. the rnntin station, and hence does, not receive as much' surveil-
lance as a clo-er facility would. Also, reports of foxes on the watershed as

wetii a:s dog-s fromIr the nearby village. are not tmcuncommon. In fact, un the day

the tes•t vas, conducted, a native d!og was encounteredl right at, the waater's

edg-e. Th-e schermatic drawing of the water supply" (Figure 4' show's that there

are several buiit-in, ahthou-gh t.inintentional., safegua•rds in the systern. It is

qiaut e probable that if any Echinococc,,s, egs ae carried into the reservoir

f r o . th! wkaterslhed they settle o-ut in storage. Again, the wet well in tile

purnp 'house provides another place tor sed-iett•n alhcg "d-iteyi

wo-uld' be iess pronounlced, due to the greater flow rates and t-urbulence. And,

thirdliy, there is art excellent opportunity for removal by sedimentation in the

* %~Q~t 7



75, C00 gallon storage tank at the camp site, as shown by An attuniujation

very fine particles in the bottom of the tank. The experimental Echinococcus

sedimentation unit was installed aw tho pump house on the reservoir and the

water was sampled as it entered the bottom of the wet well in the pump house.

The pump operated for Z4 hourg before the first sample was taken, and

samples were taken thereafter every i2 hours for the next tour days.

75,000 GAL

StORAGE TAM 7 iL I

SERIIVICE PUsrP CHLOME W

I ADDITION

\ \ /

FIeGURE 4

Schemnati.c drawing of a reinote Air Force site surface w-ater supply.

SECTION 4. RESU LTS

When the eight sam~ples were artalyzed in the samle nL-nner as the labora-

tory samples, none contained any ev-idence of Echinococcus eggs, Between

ýests, several sarriples (if bottorn• sediment were removed from the reservoir

near the inlet to the wet well. Commron table salt was added to the bottom

sediment slu-rry until the specific gravity was greater than 1.3. After thor-

ough rriinxlng the sample was allowed to sit undisturbed for an hour. The float

i~ng mnaterial was then remnoved with, a rnnicroscope- -~ije teira er at~n.

8



of the floating mnaterial showed no evidence of Echinococcus eggs. Since both
the water samples and the mud samples contained mrany particles of the salie
size as the Echinococcus eggs and probably close to the sanme specific glravity,
presurnably any Echinococcus eggs present would have show.ed up in the sedi-
merit- It was, therefore, concluded that this particular body of surface water
was not grossly contaminated with the eggs.

SECTION ,FUTURE: WORK

Although Air Force installations on St. Lawrence Island utilize ground
water sources, some of the native residents employ surface waters as a
source of drinking water. The experimental method should be useful in deter-
mining the presence of Echinococcus eggs in such water sources. Subsequent
to the tests reported above the sedimentation unit was modified to include a
centrally located inlet colurmn and an elevated rather than a submerged inlet
nozzle. In this way the pump surges did not cause nearly as much turbulence
in the chamber, the water left the inlet column in a uniform flow pattern, and
a more uniform upward flow resulted. The improved performance was
vividly demonstrated with dye studies and docamented by increasing the
recovery of plastic spheres to over 30 per cent.

Until such time as all surface drinking waters are adequately filtered, or
until the hazard of infection has been eliminated, the actual physical surveil-
lance of the surface waters should be continued.

9
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