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p   UM  «HP..U     of   (Jrt09td  «v   - "J   •   fovomaefttel   e*d pr 

group- •'     M jACtr-noo  «tout 

etMCt«tt*J  -    '   -n« poittble  r«lt«i v»ue*tA*«t 

>jt>U«n<««   Ounoi}   drro^t rtv 

sprndrd aw *ey •»<««• on equ. 

conducted   to  0«tcr*.nr   tat  btoloftc«)   Ott *nd  Cheaic«       '4>   li 

'   dr*doe ttH+1   fron  10 •«  tHe   Jpp* 901   II« 

«nd  MinoM,   *tn«f ' <r   the fc   #*r« 

ded by  tue  St     *eu1   Htl 

•fiOal     aero etsetsed  I« ,ty\ by eapottnf eouo* 

orajmsa»  to  (|)   lediaeats  undar  ttet'e NtaV   -ond-uoni     «nd 

<!">Oed port '.c j'«ir aoteneli thet **rc Mitiifl« pent'O* 

MTattd*.       rfi    Mi te»ted    nvolvod tcuet    >><—erm ptawdol loetat.. 

'   *"      '  cjjMTjj» ip.   .  aay'i,  nyapns    HeiegenK »p.),  aioae  ler»«« 

* iQwtJnt •.   IM *j%*  aj • i-'ifoot   ausi«       (Trtiwcr 

finy«rnj\,    c 1 «m    'Sj*«erij«k  »p.».    IftfaM* «JeanM 

nepneles proagUi , ,   ind CfcMMatl      KfiftH lj   Qfl ptmcteU 

Caoaic«    cn«' .        Jeteraiaed by  itenderj tat  • 

procedures   for   thr««  t/pe*   ü<   teaple  pren*r«t»on»       (1)   i«d tarnt   per   ve. 

»aipended  ^irticuutt VttrUh,   end   ()'   e  Mittlpl eluü'ete. 

AMlftjM wert luo to determine «oletH« Mttaa,  pH, C00. ÄQD.  tot«) 

,»• >s»*»«te,  ortho pnotpnote.  IWBUK      tröge*,  nitrite end nttrjte 

nitrefje. oil  end o^ete.  chrtjano*,  copoer    ie«d,  t\nc,  *M*r      mr<. . 

ceda'on.  fCl't,  000. OK.  00T.  endnn.  dieHrm.   «nd chloroene 
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Sediaent    SMI'.   *rim  tn«   |fl   jttn   «r(   i»»ir«ctt'   /ed  «S  b«in<j  o*      - 

OS        (I)   pirtill »«Ml.   «Ml -»e   »en*.   . ). 

lilt,  c   a*     tnt colled«'   MM     i   I.     'oi       t 

p« It«   phase  t«k3»urti  Mt   relate*  tc «-n*   ne'e-   4 

Sea*ple»   «McH   contained   pr*dom .*nr   «*r,    t*»' 

tea* «aounts  a»   tilt.  c>«y,   «Ml Co 

MUrtdl  öfter  produced  a  to*' 

Staples  frM tit «ed HiMj Itmmer   \g    M«rt - are« 

Ml     MM  tlkt only  on«»   that   product* fxruh!»  «aoMj «8>a 

orftnisat.   A»  a  rule.   p*r\      .  ate  phese e>po»ures  ««re  «ore   ' en 

solid phase fipoi.'fi      Staples fro« the 

t   nunlo. fP«S   0«   • 

-  -   it'on» of  the  ««nous cht*ic«ls «ore tenor illy •  f»•, 

.ediMrnt   »tap1*!     atitM jtwfO ^articulates  dri  >»«ner 

-mid  for  «'llipor. -od tlMrtdMl       *        contaminants 

-  no»   e» tree tot e   t« MM* Ml     <o    a'ed fey  the   low 

conCMtrttion»  found   ir it*  »««pits her«   I«   litt 

:•   ««ny of  the observed cone* ns o'  contoainont i.  by  »he» 

«ould be «cutely tone   to aquatic   or^mu«      Moon p «danyo). 

*nC  /toe   in  the «ore  MM11)  Mat Ml Ml M"  tldpUi  «pprojwhec 

concent ret ions «ores    Ml     other contonmentt.  but   those cone« w»» 

•ere still  tub Iethe I. 

Ml  or   r   »ed aor*   staples «Mcr> «ore classified as he*»'» po'   .»ed 

besed «a  analyses  for  the  »arIOUS  contomnon» i ,  «err  'hose  *-o» the »ed 

I  ej Coeoatrci«1  Horbor and the St. f«u'  l«r*e  I**MM        These t«c staplts 

consult*  of   lar^e  proportion»  of  silt   and cttf  «n ted  a  strenaj 

MM correl#tior  noted betaaen part Kit  MM «Ml  concent ra'     •   of   the 

conttamtnts aaonaj the  10 »tap c  ••*• 
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Mt* OCOOT.   Aftr *       tne.       -r krm, 

Cort <j»*oor*   ,COf. 'or «ovol« 

rOO> Of   JriOf d  • <^l)   f«««r« .nc 

•rt cowcirwi «t 

M «9»-  ot MMctnai »tt> tu« p© 

,n'«*'n«n»   twfrttOftCOt  JOTtWJ,   drttfO'nf  proco^ve.     ««*•" 

j*pond*ö  »>• Oft  «Qb« 

orfooiM» •«« y««r c  MM *q 

f   Mrf     r**«  M       *«'« 0*  Orod^r  «M' 

.   • •' • *. 

i#*, Pri o <»<ortor 

conduct«* btc 

«Ml   SaPOr i or.   «   «or | ,r%Qr\   0 

MtM   SulPOCtOO   to ftc MMVily, Oüd>- 

nonpollMtM. eportot ono of  tfto   »efl mnt t«ap>ot  prwtucad 

1001 «urt«   •:,  ««0*9  -n«  freue« Of  Or«*'  t«i  CtpOSOti. 4*0  I 

voo'•»'>•. produce* im tn«r ) yi* *w>*»9 umr 

«*o Atollut e—um 

• •  . 

Mtll tfjmctl —   r  r«por*«*   *' »0'«O«'    vo» 

tOrt   COtlld   not    COrr»   |>   OO' 

hlSl    ChfilU      IMpOOOr 

..,««•   M HU .    - 

den* co- «ori  on d>fdo* «« <v'a<J)r»9 •rtfcedelo« 
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"»•00 cord ot  «I.   (1979)   studied  ved'opnts   from tnt  Jpppr «i,»Hip0i 

• i*er (JH..  «no report«! ion to*icity to al<  «ouatic species tue* testet 

••cape  «apn'pods.    Iioaccunuiation of »TJ i «no opt«1s  m tntuti of 

rrt«pr«tos ««posed to  sediopnts  occurred  in only   lit of  toplr  tes..* 

hcord tt «I.   (1979)  vjpeested tuet  typic«!   dreoo,'«« «no Cispotal 

f    ins o« tne Uppe»   »'ismippi  liver ftave  littl« potential   to cau*.t 

ere» ecoloftcal  effects out to    Kr»««   in eort*lity or 

bieaccunail«t 'on of contaminants    n tno species  studied. 

net nodo iOOJF  for tne study rppprttO nere —\  specified by tno 

contr«ctee «no nod'f'ed «s  «ppropn«t«  'o  sn*l«tt «ni tvalutlt  '«orst 

COM* conditions      For  i not «net.   « S-ainuta stttline, tint for  suspintot 

«rt iculttts  rttnor tfteo «   '.-Hour  sett    no tie»  (»oOdicorO tt   «1.   19).'») 

«as adapted to tveluatt tnt  -apects of  spoil  deposition noor tnt 

•»arop point of «redo*.' eater-al. 

Tnt caject've» of tins study eere to (1) eeterraine tnt biologic«) 

activity of  itdiepnts.  «netner Out to tooictty of coataannents contained 

m tnt ttO'aents or to tno »f'octs of physical   inpoct  of perttculatt 

•Mi »<•  -tprtsom «t • to orpontstM copppn to tnt ••ssissippl  »ivpr «MO 

(?) Otteraine too cnoatcol  cfteractor 1 sties of tnt dredee nttort«ls. 

"I'olpficti  activity (»art  I  of tots study) «as tvaluoted by txpostne, 

eojuotic  orepntsea to «rodft optorial  per so    solid pnete)  *• suitable 

dUtion nottr «nd to solution« contammo suspended particulatt «otttr 



Suspended  part   culaie  pneie*.      ClNMical   cM'KUrwil'»     pert   It) 

rwoUed  analysM   of   three  phases  of  dradoj  «ittr'll     «olid  pease. 

Suspended  p«rtKu'nie  jhase    end  *   •''tared elutriate  or   liquid pnese. 

Chenicel   analyse»  «ere  MM  according to  standard  ied    «Corat ory 

procedures  or nod'ficat  ons  thereof  to eccoaaodate the peculiar Materials 

• >l *ed. 
PUT  I 

«moOS FOK llOKKICAl   TESTS 

The CKeeriaental   design of  this   laboratory  study  provided for  an 

jssessnen*.  of the acute tffacts  of  enosurt to dredge «ote> ials on 

select«« organism   »a a  jUuiton  that   smUated conditions  "-elated    0 

a dredging operation.    Sot'd phase tests consisted of sedinent held 

jndisturt)ed under   nlut'on »et er to appronnete condi'ion* prior to or 

eaediately after dredo,iiQ   operations,  end pert-.u'ate pease *• 

consisted of exposing orgamsaa to highly concentrated suteeedec 

•»articulates to siaulate    aor«t  case* conditions earing hydraulic 

dredging operations 
Sedi 

Sediaent  seaples «ere collected by personnel  of the St. Peel Dist 

ppl of Engineers free. 10 sites on the upper Mississippi liver    'able 

1).    Sedinent «es collected with a Ponar  jredge and transported or 

stainless  steel  containers to the national  MsHery Research laboratory at 

La    rosse. Miscons'n.    T«o sedinent   seaples «ere delivered to tue 

laboratory every 2 «nets over a penod fron June 3 to July 10.   1M0. 

four containers of  sedinent  «ere collected froa each site.     ipon receipt 

of the sedinent   seaples.  the eatenai  ees »mengen red    n a Hobart   food 

niaer eow'pped eitb    stainless steel  peddle and bow'      Portions of  the 

noaeeenete «ere then taken for solid pnese tests,   »articulate phase 
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tettt.   and  cheaical   an 1 ayS«S.   the   rearming  ved'nent   «at   ttored   in 

,*jlyethy»«ne  tents  at  4*C. 

Tft Oryimi 

^utt   c   invertebrates  «art  collected   fro« tht w» Id or cultured at   the 

laboratory.     All   speciaem «or« Hold  in f«vor*bl« cJturt condition! 

prior to eipoio'-os  to th« s«di«ent.     bo group «Mi  js«d  if   101 or «ore 

died during a  »u«rantin«  ponod or  otherwise  appeared  unhe«lthy • 

)rg*r's»s «ere considerd healthy   if  they  ftd and thrived  jnder cultum 

conditions.     Scuds   ((MHrut psoudol laesoous    and snails   (Hysa farina 

atri collected with a —I not   fro» a feeder  »pnng on the Kictepoo 

Rivor noar A««l«nch«.  Wisconsin.    Crayfish  (Proc—barus sp.) «ere 

obtained fro« the Genoa notion«!  F<sh Hatcnory      »dyflies  'Htxajonja 

sp.) «or« cultured fro« eggs obtained fro» Pool   7   it«*« Onelasfca. Iivor 

Mil«  703-7041)  during the  1979 sueaeer  eaergenc«      «Idge  (Chirp. jm% 

t«nt«ns)  «ere Obtained  fro» Or.   Joseph Keautski.   «Uorbo College. 

L« Cross«. Wisconsin,    Fawnfoot ausseii  (TrunciH« doneeifbc»is) 

uere collected,  with  long handled nets by *«d'ng or  Mandlag in « boat 

fro» tbc  Upper Mississippi   Riwor   (River Mil«   722).     Fingernail   clean 

Spb—nu» sp.t wore collected) using swoop nett  fron Pool   r  (LAkc 

On«l«U«.  River •111«  703.70S).     fathead ai nnoas    Pi—pbalot  pro— I as    and 

cbdamel  catfish  (Uta turns pu netatus) «ere cultured «t tbe La Cross« 

bat-on«!  Fisbory A«s««rch laboratory      Organise» «er* »«posed  hi vessels 

Msed on tbeir site and coapatabi1 Hy trttt other species.    F«tbe«d 

•inaews  and channel  cat fist were grouped as «or« crayfish and f«an toot 

•«ftMls.    §o' . groups were »«posed  >n S-galton jars,    Midges,  »ayflies. 

«aid fingernail     lea» w»re »«posed as  a group,  so »ere snei'.s and scuds. 

These «nio»ls were exposed  m l-gello* glass  j«rs. 



Tftt   Procedures 

Acute  toncity   tests  on  the  sediaent   seaples  ««re  ,*rforacd   in   two 

Dutti-t solid pnas« «Ml suspended p*rticui<t» ones*      '.ediaent   for 

solid phas« e*posur«s m pi «cod  IM  land S-gallon glass  j«rs «ad 

reconstituted  Mil   «ater   MS   aided   to   yl«ld   «   ratio  Of   4'    of   ««ter   pe 

jf   s«dment       Ztrt «as ta*«n «hen adding th« «ater  tu  «void disturbing or 

partitioning of   th»  sediaent .     liposure «ater  «as  prepared by 

reconstituting doionnod «*n   ait«r according to «et nods outlined by the 

Coavhttee on Methods   for   Tondty   TtstS  »Uh  Aou«l u   Organise*   (1974?   to 

«pproiia*t«  mtltr   cheaiStry  conditions   found   m   th«  upper  Mississippi 

tffnV  (pM,   '.6-d.O,   total   hardness expressed  in «g/i   as CaCO).   160-180). 

Solutions m th« test  vessels eere «'lowed to settl« for 1? hours before 

ntrodwcmg test  organism.    Aeration of test  solutions »as -trovided as 

necess«ry  to «a'nta'n the o«ygen concentration neeOed  to support  the test 

organises,   and «as k«pt   to a «tniaua to «void creating turbulence th«' 

«ould disturb th« sediaent      d«t«r teaper«tjres «ere  lamtaned at   U-* 

by   «aersmg test   «esscls  m «ater baths.    Each eiposur« «as duplicat«d 

and on« half of the «et«r  voluae  In «ach test   vessel  «as  --«placed daily 

for 96 hours as specified m th« contract.    Dissolved oayger.,  pM. 

turbidity,  and suspended solids  -««dings u«re taken daily.     After 96 

hours,  the test  vessel  contents «ere «ashed through a fin« aesn screen, 

and survival   information for the test  organises «as recorded. 

Sediaent   suspensions  for perttculate phase tests «ere prepared daily 

by  vigorously «Hing sediaent  «ith reconstituted «ell   «ater at   a ratio of 

four ports «ater to one part  sediaent.     The suspension «as  vigeroi 

«nod m • Hobart   «i«er for 30 «mutes.     After a S-alnute  settling 

period,  the supernatant  «as carefully decant«*  into  100-liter poly«tnyl«ne 



l«Atl       This  susoension «as CMtKtrMl to tjrpif,-  a  tjrste* of   II 

1—pmittl  particulatt aedlua.     The  Vutpt«rjr  »as  atiMimN by   .'< 

J*r«ttoa   «Ad   OutCtlv   <<<•<   tO   tH*   mi    »««Mit   **#r»   t *#   Nil'    Mt 

jer«««d prior  to the  addition of   t*e  test   areomsas       *#f|t'c* *os   also 

provided   duMftf  th«  ttPOSures   tu  eointai"   SwSp#aS<Oat   O*   pertc«l«tt 

«atonal    .   All   «apOSurtS   «or*   Mt    JS)   in  OjMOdryplct      tue  *'l   «IMttM   »Of 

aortal'tjr   it   ?4  hours  of   »aposur«   and  tee  «I   H «ears.     Of  these  for 

tt-Ncur   eaposyros.   0«»-Htlf   of   »M   »ol «at  »at   replaced  doily  «Hth   fr«sM» 

preparod   100ft   SuSpondOd   pertlcylat«  aettar   for   4   days     H   kgyri).      Mlf 

taaperatures  «or«  Mint«) nod   at   1 J^C   Of   10a«>rs1«*|  test   ««tie's   I      »ettr 

Oaths,     fipoturt aedia -or» aeniiored de<ly  for  1U solved oarer«,   p*. 

turtldit*.   «nd   suspended   tol'ds.      AftC  «o «ears   tee  contents  of   the 

«apotur«   vessels  «ere  «ashed  throufh  *  fine apt*  screen  OOd 

Survival-aortal It/  data   for   tost   o rooms*»  «or«  r*corded-      1* 

MMM,   tho nuaeer  of  oroamwa«  -ecovered «at   lot»  then that 

initially.     To «Ho« for   '«erst   COM  tUaltiO*",   the aitSlaf aniaalt  «ere 

rocordod  as   aertaliti»t. 

Tests  0«  suSptnOOd perttculatet  Ml   retultod   It  areat«r   than   >01 

«©rtaHty   for  «   sped es  «or«  further  delineated  u»mo, dilutions  of  th* 

1001 wpü part icul ate •adiuoi.     Oreenisa» «ere e«posed  to too 

undilyted particylate     1001  Suspended  pert Kulat«s)   «nd  SJSper:»ions 

contemn« «0.   Ü,   SO.   ?S.   and 01 of  tM und'lytad pemculate a>|i*. 

The 01 caposvre «es  a control   test.     The IC^Q'S  and •*.! confidence 

intervals nor« calculated according to procedures of  Utchfi«ld «ad 

•ilcoae»  (ltd»)  for those  erewes of «apoted or eon 1 teas  If «huh totste» 

ttei aortal u» occurred oaeaaj «aposed or«on«was and eher« control 

orfonisa survival u»s tOl or «root er      fVocedwres for boten reploc« 
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«nd  c*«*lC4l   *Aa'y\r%   «nd   for   recording  t«*^'«t-re   «nd   l ,r« i »« I '«ort «I ' t y 

wft   tn«   sM   'or   th»     ir'   nl«it  «n4  »olid  pA«*e  ttttl. 

Control   or^num  a*r«  «*   nt«ln*d     n  rotonst i tgt«<l   'rs'   *j'e-   • tH  no 

«A(       On«  «rowf Of  controls  m»%  *«r«t»d.   «nd  on«  group MS   not 

^rr«ted to awt»  «*y «fftctt tnat   ««rttton niojlit »r—uc« on t«st 

•Mill 
*'«« orwn.v«-     '4-     eprt»e*T   sp«cl«l  found  in tn«  Jppor Mississippi 

«Ivor  «*rt  r«pos«<J   to  Mdiatnt   i«apl«t   fron   10   SH«S  «Mr«  •«intondnc« 

•ou'a b* tapOXtod bdtcd  1«  pWl   Orotfflnf records       ßto«ss«y   eipos ,res 

wrr*  cr>M*Kt04   1« t«c  p*«st\ 4   . . .;*no><1  port Uulat«  pAJSt  «n 

appro« motod tn* *«or%t  coto* conditions of  suspended wllfltli ante* 

<?M   *»»«1op  condition»  durtn« «nd  following hydraulic  dr«d« ng,   «nj 

4  solid pfcos« wnur   ^1*.  jt«d yr.   ir«do«    ondmont or conditions 

•>g   MttlUPJ   i«vdi«t«1y  «ft«r  oredyinq 

S«d<a»nts  fro» tht  following  i  tu  «*re  predominant ly  sand  and 

litt It   or   (to  mortality        Nid   t        andog.    Trued*lt   Slowf*.   ««St 

ton.  Som»rfi«ld  Island.   Island Sä.  f,.-ty  rlou<1 Sloymfc.   and B*lo« 

udofty.   muow'fl  (TtOI**  ?-')•     Af> ««ception »as «ayfly  nympAs and nidmy 

Hl  eapoiod  to  s«di«rnt   from  Itmmjnlaj  Sloufft.     ««Suits  of   i»r«,l lmmar, 

r«pos-*r«s «c« «rr«tic   for both organisms  41 •*)<   as control  organisms 

{Tarnt« I).     dt  r««apos«4   '.Hott   organ um»   to tn*   1001  part'Culat«  pAas« 

solution and «ito to conco«tr«t «on« of W.   'S.  SO,  and ?S1 to «ttaoli»h 4 

c oncost r«t ion  rttoont«   gradient .     Htft   -wjyfly   "ympA*.   »ur»i*at   rat«»  . 

•0-IOet «t  «H  concentrations.   -.«..  no mortality «ot  r«lat*d to tn« 

wfin't     latl« f).    nidfo  Su'-i»at   *a. »rrilu   at   all   concvntrat 10ns. 
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ncHaW.   tlM   Control»   igrvWod   #11    (M-1001).      at  aero   uneole   to 

et'«o1lth  « concent ration corr«l«ted  rttpontt  Curve,   pottibiy  heceute  tnt 

aide*  culture aey  feMM been  «Ppro«ching eaergtnc«.     If  to.   tilt  vifarout 

irr«tton covpled oitn  the «br«*.i»t njure of  tht toil   particle* aty h«»e 

boon aero  th«r   the aidgt   l«r*at  co-jld  toloratt. 

Sed atnt   ttapltt toot    of>t«««od t mot. percentage jf  tilt, cloy.  and 

colloid«»  atten«lt  produced the «oil   tignific«nt   tone  effect.     Sediacnt 

fro« tho mnon«  wool!   boot   herbor  produced  S4  »no     It aortal Uy  «aonq 

atdft   l«rv«0  in   l-d«y  eapoturtt   (Tool«   10).     However,   tho obterved 

•ort«ltty  figwret «ro  contldered  pMl lontble  M  noatrout   live nidft 

1jr»«e  aWt  prtttnt   in  tho  ttaelt  ahtn   it   im «cd.     All   otter <rd   >«r«o« 

•«re  «netted     n  tho aort«Hty  «nd  tur»1»«l   figurtt.   «nd   it   it  pottlbl« 

tMt   toat »'dftt   in  tho origin«!   toapl« «ore killed during the  ttdiaent 

»'«in«  prrxodwre.    Tho   4-Jay   t«tt   rttu'tl   tupport   this   COnxlutlOn 

bec«wte 90t of tho «niaoH turvlted. 

S«av'i«t   froa tho fted Wtnf ro#Mrci«l   Mtrbor  «nd  St.   P«wl   B*rge 

'ertui»*'   ajewj tho only onot considered to«lc  to iguitu orgenitat. 

Swtpendod  p«rticul«te notarial   fro« tho Rod King Coaatrci«!   Harbor 

produced   tuOttontl«!   aorta'Uy   among crayfith,   f«tho«d  nmnoat.   «nd 

channel  cetfUh  (Table  11).    Heyfly nyaphs.  HI doe  l«r»ee.  tneilt.  «nd 

finatrn«il   cl«M  atrt  «ItO  «ffected,   bot   «rr«t'C  aort«lity   «aong control 

growpt of  thete orgenitat or »wrvtvel   ratet  fry dote to our urn«/ 

acceptability  liaitt (tot)  led H to to believe thet  the aort«lity ««t 

not  directly doe to the sediatnt 

De!ine«tion tettt confineed tho prelielnery  rctultt.     »I!   oroemtat 

of   fowr   specie*  tur»i»ed the eapoturet  or.   «t «<th  tneilt.   tho aortal Uy 

ripoted  tndivldw«lt aet ettentl«1ly the teat «t th«t   «aong control« 



(Table  1?).     Mortthty  aoong.  cr«yfi»h.   fath««d mnnov/s.   and channel 

CithtD Mi  definite!;   associated «Hh   the  s«dia*nt.   survival     «creased 

4«   pert   culate  phase  Xttrt«:   «a I   diluted.     ' or   instance.   Sumval   of 

creyfish  --a need  fro» 401   in  the  undiluted  test  «edit  to  100t   in tu* 

dilution containing,  ?St of   the  undiluted nedn       Th* 94-hour LC^j't 

(concentration calculated to product SOI Mortality)  and "»St confidence 

intervals  «rt as  follow* 

Cr«yftt* MSI (70.7-101) 

'«theed amno. 10/* (iS.?-lM) 

CMMWI  cat fit* 60 01 (SI.1-70.2) 

The  ii^Q lor  'atneed «inno»  it obviously en «atrepolated  «aloe feKM 

l«tt   tkin   SOI Mortality  occurred   in   th«   *mj; luted   Suspension.      Til«   values 

for  crayfish  and  channel   cetfith  «rt «r« Meaningful   bextuse «or« then Sit 

Mortality  resulted   in th«  u«fc*i   uted  Suspension 

Th« St. foul ft«roe Tcrvalnel teaplt produced Mortal«tits eftceodmg ?W 

—owj crayfish, snail», flnfernell clem. «Ad fath«*d «innows Table 13). 

Th« observed Mortalities did not   tinted SOI for any  sptdtt 

Oel meet ion  of  th«  pert1cul«te  phase Media  showed decreased survival 

of crayfish at   suspended particulatt concentrat ions of  SOI or greater 

debit   14).     Survival  of   finwemeil   cleat MI decreased at  th«  1001 

concentrations,  but  acceptable survival  occur r«vj at  th« 901  >«v«l.  »atneed 

•innow survival »as decreased at  concentrations of   /SI or greater,  snails 

u»re not  affected m the delineation tests      Th« 94 hour LC^o's end 9M 

confidence  intervals er« es  follows 

C ray f1s* Ml (*4.S  104) 

Finftrneil  dew \\f% (*5.4-144) 

fathead «tnnovs 1611 (lit-??«) 
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Attain,   »«I«OS   for   'mgernail   ; I a*s   and   *ath«ad amno«*  «»re 

r«trapoUled   fro« IK«  aortality   regression   end   represent   !*torttK|l 

•ftteael because greater  than  SOI aortality  u'J no(   result   m the and'UtM 

«•nsian. 

Aaonq  the   10   samples   Sites.   Bed «mg Coaarrtial   Harbor  end  St.   »«».I 

S«r9t   Ttniinil  ««re  tit« only  two  saa* le*   that   produced enOMfJi  toautjr 

>tify  dr   -««aMon.     *otn  samples  contained «or« colloifal   «ad cl*>   si/« 

PPPttcttl  th«n the  ath«r  seeapl«  sties,   and caeatcel  contaminants  0TI also 

n   tth«r   tn  trose   samples.      ToatcUy  of   tu«  Oth«r   s'te»   containing,   larger 

.Id« sue ««iw  Ml essentially nondetectable. 

Sol tdJ Phase Uposures 

In contrast  to tn« r«*ults  fro« particulete phas    «aposur«s.  solid 

«at»nals prodwc*d no aortalttt«s that  could o« related to possihl« 

contaminants   (Ut>l«s   1S-24).     Scad*,   creyfisn,   fawntoot  aussei*,   and 

fingernail  C'M had good sur»ivel   tn all   solid paas« eatwsures.    RasuUi 

of  test* ««th aeyfly -lympn*.  atdge  larvae,  and snail* were  inconsistent, 

'or  th«*« org«ni*as.   tn« aortalttjr   in  control   lots «as  equal   tu or  greater 

than  »he  aortal'ty  among eaposed  organisms,     tapoiurcs  of   that«  spec> es 

• id«d erratic  r«sults  If both solid and participate pe.es« t«sts. 

However.   because aortal Ui«s  among  control   and e»pu«ed  organism» «ere  not 

substantially different,   th«  scdimen*   «at  not  considered  to be  toaic. 

nemicel  characteristics of  th« porticulet« ?•*••• t«st  solutions 

«ere fairly constant  considering the complenty of th« otaing.  »fllj oaten 

replacement,  and aeration procedures used  (Appendn   I).    A problem 

encounter«!  tn  some   ir  th«  particulete  obese  tests   involved  th«   increasing 

suspendeo so'td concentration* Owe to daily replacement  0» on« half  of  th« 

i. 
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vaaplr   .olu«e 4\   the  test  progressed.     The gradual   increase  in Co*. • 

tions of  suspended solids MS apparently  -elated to the settling of  sow 

Of  the  particul«te «etter  Ourmg  the  day   between   oaten   replace»'' 

During the replacement   procedure,   soar o*  |M|   "pseudosett'eo    Mterial 

Ml  T-ofceöly resuspended.     Thi» occurrence MS reflected M «n    ^ceaveu 

concentration of suspended partic.Jate nattei   ehe*  «cashed 1 Hour   «• 

r4cn  öat er   replacement.      Thi;   conclusion  Mt   further   SubstantatM b» 

• ro-d't/ data deteratned before and after *«cr batch replacement 

leneraH»,   turfcid ty  concentrations   increased  frgai day   1   through i*to^ 

days,  but  *ur»*g eech day.  the twrfetdity decreased «ui» the , av.age of 

• m   pjt'.i   'he mr     <•   -   -tplecemtnts      Dissolved o«ygen and pH remained 

relatively  constant   throughout   the  tests. 

hemical   and ph/tu«i  character nt ics of  the  solid r-nase test 

volution» «n slightly acre »«ruble then those of  the perriculjte phase 

solution».    The pw of  the solid phase test  solution «as  generally wr* 

M  after the  1? hour  set'.'ing period than  it MJ on subsequent  days 

after aeration and the  mtroduct ion of test  organisms.    Dissolved oiyger 

concentrations  M solid phase solutions mrt  lower  after  -.be settling 

period prohehly eve to the oaygen demenj of the sednent.     turbidity  and 

suspended sflld concent rations Mr«  r*iat'»ely stehle  Hl aost  solid phase 

solutions      NMeeer.  «e did not* that  cray'if  activity   in the test 

vessels  increased the turtiditjr «nd concentration of tajtpeneed solids  m 

tests  m»oi»in9 sedtr»nt ehich contained significant  amounts  if  fine 

perticuiate Mtter. 

Chemical  cheracterntlcs of deli "»eat ive test  solutions prepared by the 

diction of lOOt paniculate netter «ith reconstituted Ml'  Mter  «ere 

.«•',   comparable  for  pet  and dissolved oiygen   (Appendu   ||]   throughout   the 



IS 

-   J*j   test   period.     TurttdUy   «Ad   impended   solids   reodm?*  «rr  tnwuNll 

«*r   «bit   fro» d«»   to  dey.   bu'   tbe  4  d«y   Jve  *§•*   of   the   .»no.',  dilutions 

coap«r»d f«»or«bljr tftti  tbt   mf wddd  (calculate*!  concentrat i J*\. 

DISCUSSION 

Sedteaynt   tMpItt  fro« tbe  10 Utr can be MMMMW tied  into tao types 

„r*do«lnar.t1y   tand.   «nd   (?)   fine   sand  «Kh   Su«>St ant |4)1   aflOwntS   of 

and colloidal  eatenals.     I<dl09>c«'   «       .     .   m tbe 

tKulat* pfcdS? eapOlures Ml rflated *0 tfc* typt Of ved'aent «eternal, 

staples *»»'C»* contained prddaalnent )y land «'r MMdttettl noft'.oa'c. and 

'.•Hitei cor-tji- ,9 substantial  «Bowfttt 0* ind colloid« 

•v«-.-ri«i   often  produced a  toaic  tffoct 

ults  fro»  •*•  cbe*<ca*   analyses  reported   Ml  MM  study  twMts'   Mtf 

MM]    -     '-ja  tbe Kii  .19  Cowrcill   loat   H«.-Oor   «ftd   tb«   St     »Ou     lor«* 

Mbll   »ore  tb« «OS'   contaamated.      Tne  »rater   «nd  Andersor   ( 19-' ' •   inde« 

dass'fyin«.   itdiatnt      indicate  tbat   •MVtdjM   fro« botb  tUtl  MOr» 

heavly  OOlluttd.     RtiulM   of   tbt  biological   «ct    • ests  pdraHfl   tbe 

1    results   Id that   saaplts  fro« thes«  met  also displayed tb« 

9reatast   contaamat ion   «aonq  tb«   10  staples. 

Tb«  turvKil   of   control   organtsa»  «as   assessed   I«  aerated   «fwl  uneerated 

vessels   tn attcapts  to d«t«ct   deferences   »n aortal Hy dur to tb» 

MM  produced by  aerat»on.     a* d«tect«d no differences »a' 

MM   for  «er«ted   vertut   jnaerated control   lots  of   ore^msas.      In  soar 

MMMMi   survival  «as best   in aerated vessels a*ile.   m otber cases,  tbe 

i't« occurred.    However,  control   vessels contained no sedi«ent.   and tbe 

Survival   of •***!»  nyaphs   «no aide«   larvae *dy  neve  been Cduted  by 

(«el  of  a suitable substrate. 



The  erratic   OOrtaMty   aao««     na' I %   •*/   ha«e  oeor   4i*cx   4te<l  «1th   the 

49*.   life st«ft.  or physic«!  condition of too saoctarns.    Since those 

jniaeU «ore colloctod fro* nature,   there «as no «e>  to doteramje toe eft 

•   »ndwiduaW  e»en  thoufh  speoaoni   jsod «ore  nailar   in  Die      Add'tione 

Studios   JSlnq   lahoratory  Culturod  orojnisa»  «4,   provide «ore  ctasiStOOX 

»AOT   il 

«TNQOS FÜR  fMlUlCAt   CNMACTERIIATIOll 

Sodiatn'.  saoples «ore hoaooonued e«d «nel/iod  for por»icle   »</e by 

Siovln?  «nd By  the  hydroaoter  oof Nod     AST*   \1?1,.      Sie»in«. »*\  earned 

out «ith 4  verios of  stainless  stool   sievos on a SoH   Tost  s<e»e sftofcer. 

Otspertion of  too sediaent  staple for  the hydroaoter  test  •*%  ODteiaoo 

-   tft  4  Soil   Tost   stirror  ood  4  <S i Spe r v i on  cop. 

jondod particulate  solutions «ore propored by  vi«»e.,usly amng 4 

.   4     .ol„ae  »olue»       ratio  of  hoe»*»'"   /od  sediaent   and  reconst ituted m4t.tr 

(100-lot) af/i  tot« 1  hardness 4s  CeCOj    for 10 «mutes      Ma*   I   M   «ton 

settling  ttat,   to«  wpernatent   i iuspondod  part Kulates)  MS  siphoned 

'ne suspended porticul4te fraction «at d'.idod.  and half of this staple 

«as MM     'ufoo to reaove aost  of  the hee»y par* <culate «atonal  «nf thor. 

I    terod throuah »i'Hpore filters  (0.4%    »a)  to dotatn the elutriate 

(liquid phase;  soopie. 

AliQjuots of  the sediaent   for the so'id.  suspended ^articulate,    and 

liquid phasos «ore analyxod  in duplicate for  volatile solids,  choai • 4 

0 ay eon doaond  (COO.,   and    btochoencel  oxyfon doaond (MO)  follow 

s'anderdued procoduros  (Aaoncan Public Health Association 197*. U.S. 

'oaaontet  Protection Afoncy  1979). Follooine. acid dioostion    samples 

««re analyiod  for    codaiu«.   chraoiua.  copper,   lood.     iron,   mete 1,  and 
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UK  usinf * Haiti  MO P«rfcin-E tat*-  ato»ic  *b*orpt>o«i spect rap»* otter 

«quipped  <HH   graph'te   furnece.      Cold   v«por   teChniQu<   «it   jsefl   for   «• 

I   t**erie«r.   Puplic   Health   Association     9'6). 

AflttytM   for   MBnti   nitrogen   «pre     •**> ,   Node     4 Or »or 

Suet    ' I mater       Oi     «nd  grease   frtCttdM  «ere  determined 

^a«   «etrKa'iy   fo''Owing   SO««let   eatrect »Or.   (latri^r   Public   >•».. 

Association  »9 

Dup  -.at*  «nelyses o' bul«   sedioon*   staples  for to «»trpftr   «nd 

ate nitrogen «ere «jde   ,sng the ejetnods of   so'l   aj»elys< . desc'oec 

trtmmr   (T96S,        Ana  /SCS   for   orthc   and   tot«1   phosphdte   arrt  done 

•dng to tfc« «ethods of  Olwn end Dear,   (19« •• Mi MMM 

aethod of Pooch  (IMS). 

•   «ater  «na   ft       procedures  recoaaend  I     *'anon of  highly   • .rtnd 

\ **><"<  prior to analysis       '"" our  study,  this «ould have «Herod the 

ended pertlculate saaple. essentially converting to another 

re  saaple.    Therefore,  the  s  sponded porticuljte staples «ore 

analyzed by  th* procedures referenced above for  solid phase an*   . 

«.edures   jsed for  ana1ys\  of  the   liquid phase «re those out 1 mod 

for »eter by the Aaencen f>ublic Health Association 

Analyses for residues of *CS s  \m *roclor  1?S4). OOT. 000. MX . 

dteldrir    endnn,   «no chlordene «ere «a de according to «ethods developed by 

ted MaWtl of    the    Colo**;* »at'on*      •   shery Research      at>or« 

Coluar  4.  »"ssouri,   «person«'   :oaoum .at too),     »he procedure   involved 

blending  sod'*»"*   I    '   anhydrous   sod'u»  tolfajtd  followed by  coluar 

«ction «un aothyiene chloride      The liquid phase MM  I 

Mrthytene chloride   in  seporet|«j  funnels Florist)   end  sOlca 9e>   coluans 

used for   staple  cleanup      Sulfur   interference"«  «•*•••   • dawned 



tcOOfi  •'".*     opp»'   «et«'        Uedned-up   teat m *r   jr.«   fit:   <y 

-rtercncr   pMttCtaJi   st«nd«rdi   o 00 Mi K   <*«• 

•HtOftiptlt  «Quipped   - tctror   capture   detection.      Qperdttef 

conditions   for  the 3 '00  wert   *%   fpllejaj P IV fll 

SI OV-W  ««i    .Wl Of       on KM 00 «rsr   •MBM*   - 

col jar tempera' jrf       *•"     detector   '.«ape 370*C.   inject 

teap«- trofjen  C«rn«r  %a\  flow,   3? «1 /*>  I     *  n:' '» 

VI  deflection  Of  i       «   record»'.     Operating  ionc   'ton«, 

for  tlw   Tr«cor  Hi   IK w*r*  «i  foM«n       t   **   1   * a» Q'JV,  col«*ar  pajfcl 

I OV-17  0« 80-100 apsr   RMMVl  •-»*».   co  j-r   tMpf' 

oetector teaperatjr«.   300a( -  •       •••pe-j'^rf    ?7C*C.  nttrofr 

get  flo».  coluan-40 m   •"     tc«*en«j»-40 »   •        «lectroaet- rs 

10-*  aVS   deflect Id*  or   |       a»   '«coroor 

Dud       «•»   &«apl«i  of  tat  '-•con-, -    *r  JIM  ir a«» 

tft«   v-tjaadofl  port «uld fNUi nor«  i   «   <ruy{«)   •   •    n       0* 

vted cheanca'i    •«• eeoj  of   t«dta*ft'   s«**   e-,   ir«  reported 

on tee o«sit o*   I  •  **  gr»t> of   ntfiwnti.    tjtdaHa of  a- 

• oonded p«r jt«.   and  >"•<:<* "'*  «*»ter   «'r     rported on 

•n« t>as'v  of concent rat  or per 

- -J>  4 sftortae* of  laapie Xl -    on« Sau     soar 

• 4>t>o'  it* vc tfct an*  .%e<   of the vo    d end sgtpeaded (* iti phases 

oil  and greete could not  be coepieted for UHM V 

Tnt eolvjnr ««traction procedure  *or tue solid pnate and  vc<#ent 

parri'ioninf of tue liquid phase ner« found to be  'nepe^oi tr- 

act in§ chlorinated tiydrocaroont  «ras the suspended rei I 

»for«,  concentration« of  chlorinated  •»ydrocarpjo 

an««« m»rt  not  •>  - «»d. 



• 
.TS MB 0ISCUSS!Oh 

FOi CJCNICAL CHaMT•     M 

particle tut eeasureeen's wert recorded  la specific  eravity 

tl   : T«olti  ?5-Jd).     The percent   tern. r«f«rt to the percentaee of  Mil 

revaai-     | suspension  at   the    evel   it   ^     IM  nydroaeter eeasjred  the 

lensty if  tuspens Ion.    Stokes    ' *m **<>  j&ed to cikulitc the 1'*» 

- eicrons)  tint  sett'ed fro« the   ..-"ace   ll    he suspension at 

19 of '.he sed' eent at 1 on to the level   at «Dich th« hydronefr •» 

» --«I Hal density of the suspension    AST* 1979).     The hydrometer t#st 

MS jsr* /     1  zetere« «19 »he percentaqe of  the sediavnt   that   «as «e«Je up 

.iH.  clay,  or colloid.     Siev"»9 MS  jsed to seoreqafr  ««nous  s<: 

vend particle*  (Tables 15-44        rhe combination of these tee techniques «as 

jsed to detervtne pert»c(e i'/e classification of each sed>«ent   saaple 

(Tables 45-54).    »article r» distributions of tech if the 10 sites show 

•Ml   if   the  tedieent   sample* «ere predominantly  sand pftfl samples  from 

fled *m9 Ca—rcia;   harbor.  St.  <>eul  Barge  'ermiael.  and dinone  Sme1    Boat 

"»aroor    oMta'nmq    trqg  amounts  if  si't  and clay  (F14.   1). 

Becoafttltuted «ate--   .sexJ   M  preparing the suspended »articulate and 

ttaJtrtdfM phases «as  -omposed of do 1 on 1 zed «ater  and ACS  reagent   grade 

»roanu  salts      The avereoe ON of the dilution eater «as 8.?%. 

oncentrat »on« of none of the oth«-r characterist •< \ «*"-e above minimum 

-ctable 'lertts  (Table 54). 

hone of the ph's for any phase of the semp'es fell  outside the ranue 

ef 7-t.    The t^r^ß pH «es  about   7.9.    The SH of the liquid phases -a 

generally Higher than that   if  the particulat* chases, uhich «as  «Matty 

tan that of the «olid phases (Tablet 56-*' 



TO 

t   m*\   9»K|r|llj  «aod   ««reaaant   'Jetaoen   repl'C«te   «nlayse\ 

•vl^aim« the   .eap es «ore «»11   noaeoanuod before sudseapl mg    r«*l»s 

?%-6S).      In cheaic*'   cher«cteri/«tion.   concentrit   on»  «»re  generally 

«rgest   tor solid ph«se leap es.   «nd the  ««lues  tor  suspended perticuUte 

tvaples «ere generally  leraer then the liquid ph«se seaples  'T«p1es S6-6S 

This «es expected sine« progress  «ely «ore o<  the sediaent  «*ter,*l  MS 

'e*o»eo  Mi preparation of the suspended pert icul did «nd  'i««id uhese 

s«»«pl«s.     The r«l«tioeship «as particularly evident   m analyses for COO. 

dOD.  phosphates,  oil   and grease,  end soae if  Ma a»t«Js  such «i cedaiua. 

chroaiua,   zinc,   «nd   '-on.     Consequently,   in 4 dredging   >p*f|t'0«.   the 

•* onty of  cont*ain«nts  found  in  the  tested    «dtaents   generally «ould 

rwejm «ssoc«ted «".h the sediments  «nd «ould not   be **«l«ble to aquatic 

•^emsas  unless they «re «et er eitr«ctable.     .  oorous tre«tamt  such as 

•ctd digestion «ould Oe  '-eqtr-ed 'o      berate aost   >f  'he «aten«is. 

Such  lack  of  '«lease of conteamants  fro«    ed «ents  hes been «idely 

locuaented by studies  us'iq the standen! elutriate test  «Mich usually 

nioUtv aurng for 30 «mutes and set' i mo, for 60 «mutes Brannon et al . 

1976a. Brenaon et «1. 1976b. Burks «nd tngler 1978. u«e»r«l 1 et «1. lfJO). 

In ths study,  only 5 «mutes  settling t »«e wet   jsed during preparation of 

te elutriate to siau'at« 2  'worse case    situation,     Yery  little of  Mi 

conteamants «es  released,     hone of  the concentrations observed  11 the 

'quid phese. *.y thaatelves.  «ould be »cutely toiic  to «quafc organise* 

several  possible exceptions.     The esceptons  included the  levels of 

«aaoma nitrogen  found    n tne  seap'es  frea the  rt.   «»aw    Barge Teremai 

Table 67)  «nd »ed em« Coaaerxia'  *erb©r  (Teble !rf;  »nd sever«<   seaples 

•vth potent'«Hy heterdous  concentrations of cedjytua    tables 66-61.  63.  •»») 

end mm     'edles  ef,  M.  61.  62.  64.  66).    Burks «nd Majier   (1978)   also 
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reported   the  mttrr   ^lability   and   release  jf   aaannia   fro*  sed'nents 

Branncn et   «I.   i!97ib)   report««]   'hat   the  reU-jso   of   eawjma  concentrations 

.tanddrd elutriate  tests  eiceeded fP* Mt*r  quality  standards   for 

JQuattC    lift. 

Residues  of  PCI'*   (41 Arpclor   1?S4)  «re   Jbser»ed   in  «11   -,«diwn' 

samples      however,  tu« concentration    n several   staples  (Tables S6. 60. 

.   M)  «as   'ess  'har  »ha»   «hu*  ^ould be  acrjrately  ojuantified  (<1.00 

•9/9).     tn every case «here only trece Mounts «ere obser  ed.  »he sediaent 

particle  |1 ze «as r'assified as be'ng | r*uo«miant 'y nedMua send ui*n 

essentially  no pert ides   UM'ler   !h*n   *'ne  Sand     '4-4?$  un).      Mt   «"verse 

'•el at Kjnship between  pert'de  MI«  and contaminant  concentration »as «ell 

correlated for aost   parameters eaemned.    Sediaent s  fro» the St.  Paul  Bern» 

mal.  Red »ino. Coaaercal   harbor,   «nd Minona  Small   Boat   narbor,   for 

e*emple.  «*"•» character'red as consist me, of   large proportions of  s > It  and 

«b'es  4*.  44.   t?     ind  all   cont«  -ved  sio«  ficantly  greater 

concentrations of comami nan! s then sample«   «hich «ere predominantly sand. 

amtod and HcCfcm     1979)  also observed that   the adsorption of dissolved 

later als on sediments  is associated «Kh the 'iner part des.  particularly 

clays  '<$ *m). 

'r sediment  sample fro* Red *<nq    aaaeroal  HerOor   (Table S9) «es  'he 

p   -ample  «Here OOC   end endnn «»re confirmed.     Tlwjt   sue also contained 

iu«<   >f ODT.  OOO.  dieldrm.  end chlordene.    Residues of thes«« 

chlor«neted  hydrocarbons  «err   jSuelly  not   found   -n   iedi«entv   mhict» «»re 

.  1—mantly sand    »ablet So.  W. «0. 61. i?. M). the eaceytton «as the 

sample froa below Cudehy «Vc»    ontamed a   UM'l  aaownt  of TOJ and 

hlordene  (Table 6S  .    »iome»«»«-.  MM|  senple «es ifjrttftlly composed o«  r   • / 

aad day Ott pert-cles  (Table M). 



Prater   »na  Anderson     1«/ 1)   compiled  «   list    if   the  ranges  of   concent'« 

tions of contaminants they found  m sediments  and used tu*  list   te classify 

srdimenti  as   »onpol 'uted,   moderately  polluted,   or  nearly  pollute«.     HesetJ 

on their clillifKIttofi  system,  the  sediment   sample  from Red «ing 

roMroil  H*rbor «4t heavily ponded «i:h  »olattle solid*,  »inc.  emmoma. 

phosphate,  nickel,  and thromiun.  and moderately po'l.tro «itn  • r0r  »na 

COO  (Table S»).     The only other  sample  that   «es  htavily  polluted according 

to their classification system «as  'ro» the  St.  Paul  tore* Terminal      THIS 

site »as contaminated «ith fine  and «as also moderately polluted «it« 

phosphate,  nickel,  and chromium (Table S7).    hickel  and chromium «ere 

MquUous cooteainants.     The only samples not  polluted «it" nickel  to some 

legree «ere froa Read s Landing  (Table So)  and  Truedele Slough  (Tablr- So). 

Read's  Landing «as  the only  site not  polluted with chromium. 

Analytical  Quillt/ Control 

Qeel'ty  assurance  tor  the  analytical   procedures  jted    n this  study «as 

provided by several   integrated procjrems.    Control   standa-ds of water. 

«astevater.   »eta's,  and pest ic des  for most  of  '.he characteristics «e 

-ently monitor ere analyied on a regular basis.    Results of  analyse«,  »rr 

regularly checked age ist the manufacturer  |  standard values.     If the 

RftTMN  of en analysis for any characteristic  falls outside the acceptable 

range, steps ere taken to evaluate the cause of the discrepancy and 

correct  the probte«.    Quality assurance standards of  potable voter, 

«ast«water, metals,  and pesticides «ere obtained froa £w»noim»ntel 

Resourte Associates.   l?0 iast  Seuk  Trail.  South    tucago Heights.   Illinois 

Moll.    Standards for «morals.  nutn«nts.  demands,  and trace «etals «er« 

obtained  fro» the f«vironmental   Protect ion Agency.  Cincinnati.  MM 



of   rvplutt*  s«apl«s   and  tn«  technique  of   **omn   Jddi'. ion 

d«rds   *r«  jsed  M y   precision  ard  *ccur«cy  of   analytical 

,'otedures.     Addition«)   <*»«iity  assur«**»   i •.   pro   ided  by   "»plittinej* 

(Mplft  tftfjft   a   I0C4*   «*ter   ^41 < t y   'aborjtir,     Davy   |Ü    |M 

UfcOTMtf,   Lfl Cross«.  Wisconsin). 

•UMH 
"'.   »Ob»''    *»   •    •,     I   tlH   ^t.   p*u'   Outr orp\     I   •nqineers   s«r**d 

.•roject   officer   for  th»  study   «no  provdad  the  protocol   for  the  d*ifn of 

eap«rl«pntl.     e»rsann*'   fros the  St.  r«ul   District   «*d KitfnHyt 

lit—Hi   Station provided consents on tn« *irst  dr«ft  of  tn« 

mW  „t .     *n«  study Mt  funded by  •*«  St.   P«*I1  Olttnct   Corp*  of 

neers. 
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Ttfelt 1.    Upper fltssmtppt River ttdiamt  w<,if tttrt ••  19t0. 

NU *m* t»»»r nit D«t« cot •ct»<i 

St.   o«ut  B«r9r  TtmiMl 43*.6-S37.S Ju*» 3 

Jf<d\  iand-nq «4>MM June 3 

-ed   *i->9  LOMB»rci*l Hjrtmr ?91.4 J»IW n 
Tnt*4«1«  SIOU9* 80S.?Mt.7 .rw M 

• lit   *»wto« /4/.P-/4*.? July i 

S(M»rf<tld   lll«r* 74*.4-/43.9 July i 

«moflj   SMll   3o«t   Harbor /».o | is 

It UM) SO '34.D-  ^>.e joly IS 

S«1o« Cud«*) S31.0-§3?4 July n 
>'*j     iowd  r'o«9»> •?7.S-*?8 July n 
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»It  9.     QtHrttttie*  0*   p«rttcul«t»   p*4l*  t»«tl  «Uh   l«di 
Tmt4«U  Sloufh   in  r«co««*tituttd Mtf   it   17*C. 

t   I 

CoaponOOfl (1) 

100 

7S 

• 
?s 

ontn>l* 

•'rrctnl   iur»w«l   «ao«<; two oroupt 
of  10 org^wif» »ach for 4 <!•»* 
 -*I 1 *~ 

Mid l«r*M 

M 

*) 90 

100 100 

80 100 

100 100 

100 90 

90 90 

Control« 

SO 50 

60 SO 

TO 40 

30 60 

30 60 

00 90 

*0ll\jt'O*i  <—fr   only. 
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r*l*   1?.     D*1 tattlon  of  porOculftt*  i>*4i«  t#d«aont   tvitt  from J»e«W-n, 
Co«»rc<«1  lo4'v   '«»-t>or    »i roco»tt1tutod Mtr »t   |I'c. 

Spec its  «M Ptrcont   MnrlVtl   «»ny two froupt 
h« cqapo*'». <o«  (l) of   10 or—«»ft ooch for 4 *4/s 

Cr«/f»sh 
u«ra »p. 

too                                                       SO JO 

*>                            40 SO 

PI                            | 60 

SO                            M 90 

• 100 100 

Control« 100 100 

"«yfljr "jr«p*i 

100 «o 

*                  to 90 

H                   oo to 

*> 100 .00 

?* 100 100 

o*»tro'*                           HO 90 

- J<K Ion« 
t>1r0WQWMt   t—till 

1«                                                                         90 SO 

•0                                                                         90 O 

*                                                                     90 90 

*o                                               90 ao 

•                                                        ft • IOO 

Control«                                                                   90 *) 

(•oro) 



'•»I« 1?.     (cofft'dj 

«OK conpositio« (I) 

SMII 

100 

Control« 

I I «»ftr«41 '  c 1 *• 

100 

Control* 

PfMMlt» proMiUi 

100 

Hrc9M   tjr*i*«1   wowg tw groups 
Of  10 OffWHt fch for 4 fl«/i 

C»«tro1« 

to 

JO 

80 

100 

«0 

to 

to 

to 

100 

to 

100 

so 

70 

to 

to 

100 

100 
( 

l»r.l 

1 



'«*1*  IT       (cont'd) 

• 

• 

Spocio« «nd 
«Od14   CBOpDHtlQW   (1) 

*OrtO"t   iur»    .4 
Of   10 orgjn'im 

tmunq ttfo groups 
• 4Crt   for   4  <J42» 

h«nrt#l   C4tf<»h 
.41 um« i -r<' *tui 

100 0 0 

•0 0 30 

'S » 30 

so | SO 

?s 100 100 

COOtral« 100 100 

on  •«•er   o»ily, 
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't\*   14.     Dtlin«4tiO"  ot   t>«rt iciilat«  n*»«%e  U*t* with  s«di am-   from tl 
St.   "•*'   *«r9»  fafajtatl   |«  reconstituted #jtm   «t   1J*t. 

Species «nd 
irJ'i  coapot'tion  (I) 

Percent   survival   «aonq  two aroaps 
•   IV  oratrwim  e«C»i   for   4  Xj. |  

Cr«yfiih 

100 

90 

H 

Control* 

Snjil 

100 

90 

W 

...   r   ,)4 

;#rn«il   :l* 

100 

90 

SO 

Control* 

40 

40 

70 

90 

•0 

100 

»on 

•o i» 

100 



'•Me  14.     (cont'd) 

43 

Spooci  «nd 
•Odt*  coapotHtor.  (1) 

P«rc««tt   iurvivil   monq  two  grouf 
Of   10 or^mw  poch  for 4  Uj • 

'«tfcOOO  ail 
Piajpiult« proarUt 

ion 

Control* 100 MX! 

•Ollut 1O« iMtn   only. 
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'••It  n.     *yd*-«»'tr   particle  »»It «fl«1/«1*  of   «  »#«Ji«pnt   t#«pU*   *-< 

tt«d  \   L«ntfi«f. 

Tiat 
(•»") 

HjrroA»t*r 
r**<f<*f P»fTt*»t 

OiM»t*r 
faicroftt) 

? l.OOOS 
1.0007 

(1.0006) 

0.99 
1.32 

(1.16) 

48.11 
48.11 

(48.11) 

5 1.0008 
1.0009 

(1.000*) 

1.3? 
1.49 

(l.«l) 

30.43 
30.43 

(30.43) 

IS I.000? 
1.001) 

(1.0000) 

0.33 
?.1S 

(l.M) 

17.73 
W.S7 

(17.6S) 

M 1.0005 
1.0009 

(1.0007) 

0.83 
1.49 

(1.16) 

1?.4? 
1?.4? 

(It.« 
60 1.0003 

1.0008 
(1.0006) 

O.SO 
1.3? 

(0.91) 

8.87 
8.78 

(8.83) 

?S0 1.0008 
1.0011 

(1.0010) 

1.3? 
1.6$ 

(1.69) 

4.30 
4.30 

(4.30) 

1.440 1.0009 
1.0011 

(1.0010) 

1.49 
1.8? 

(1.64) 

1.7« 
1.79 

(1.79» 

•OwpliCÄtt lifbsMpItt «*r»  «fi«1yr«d, it  »« (Mr*«th»»et 



SS 

Tffclt   ?*       Hydrwwtfr   pjrtiel«   itM   «nj'yiM   o*   4   l«4ia»flt   IMpIfl   *r   • 

St.   *«ul   B«ra*  T«rain«l. 

|S*M P*rc««t 
Di**»»* 
(•»cro»»») 

? ;.oi?6 
l.OUS 

(1.0171) 

31 >9 
».9? 

(30.31) 

34.03 
34.89 

(34.76) 

s 1.0100 
1.0101 

(1.0101) 

2S.IS 
25.40 

in.2%) 

2/.V 
??.S7 

(??.S7) 

It :.00M 
1.008S 

(1.008S) 

21. 1? 
21.38 

(21 

13.?; 
13.13 

(IS. 

30 1.0076 
1.007S 

(1.0076) 

19.11 
18.06 

(18.99) 

9.3« 
9.38 
9.38) 

m 1.0071 
1.0073 

(1.007?) 

17.86 
18.36 

(18.11) 

6.68 
6.6« 

(6.68) 

?so 1.0064 
1.006/ 

(1.00*6) 

16.09 
lt.« 

(16.47) 

3.31 
3.?7 

m 
1.440 1.0049 

1.004« 
(1.0049) 

12.3? 
12.1? 

(12.32) 

1.39 
1.39 

(1.39) 

'Oupltctte «ubtMpU« mrn «n«lyi«d. m*n \%  m ptrmtBttm 

L 



• 
r«blt H«     Hydroatttr  p*rtld»  »lit  MMljrfll  of  «  »edtatnt   \mt>)**  ' 

TnM4«U  SI 

T1« Hyi Iftff DlMltr- 
!««n) r««d1ng P*rc*flt '»'cwn 

I                        1.0009 1.49 49.8« 
1.0005 0.83 48.06 

(1.0007) (I.K) (40.08) 

6                      1.0007 1.16 30.% 
1.0003 0.S0 31.19 

(1.0005) (0.83) (31.OS 

IS                        1.0009 1.49 17.84 
1.0010 1.88 17.84 

(1.0010) (1.80) (17.84) 

1.0009 1.49 12.61 
1.0010 1.66 12.61 

(1.0010) (1.48) I?.61) 

1.0009 1.49 8.9? 
1.0010 1.66 8.9? 

(1.0010) (1.40) (8.4?) 

1.0006 0.99 4.17 
1.0009 1.49 4.' 
i.0008) (|.?4) (4.37) 

1.001. 1.8? 1.8? 
1.0010 1.6o 1.8? 

(1.0011) (1.74) (1.8?i 

30 1.0009 1.49 12.61 
1.0010 1.66 12.61 

)lic«t*  tut>l«ap1ft  «er?  «»«lyicd.  •»•«  1*  1n p«r*ntH«tes. 
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'«61» 78.      iyüromeltr  p^rtic'e  Jt|»  HtlftH  0*   I  »•Oia»nt   t«*pl«*   1 

I<*q Cowrtll'   Harbor. 

Urn 
(•" „•, 

OiMVter 

? 1.0740 
1.0*40 
1.0740 

84. SI 
84.SI 

(84.SI) 

79.S* 
79.S4 

(79.94) 

s 1.0770 
1.073S 

(1.0778 

73.70 
78.19 

[n.m 
19. >6 
U.7* 

(19.S? 

is 1.019S 
1.070? 

(1.0199) 

S4.88 
6' .71 

(44. 

11.48 
11.48 

48) 

m l.OPS 
1.0100 

(1.0178) 

S8.73 
99.89 

(99.04) 

8.44 
8.44 

(8.44 

m LOIS'» 
1.0140 

(1.0198) 

Sl.S/ 
S3.?4 

•1) 

6.1; 
t? 

(4. 

?SO 1.0170 
1.01?' 

(1.0173) 

39.93 
41.99 

1 

3.1? 
3.10 
3.11 

1.M0 1.0084 
1.0090 

(LOOM) 

78.11 
79.94 

(79.78) 

1.34 
1.J4 

(1.34) 

49j»p?ic«t* \oM*«ri*s *»•» »nt^itpa.  *»•'   >t   '« Mrt«tH««r\ 



T«Olt 29.    xftramfr  particle tut #«uiy*n of  t  s#dt«pn»   »Mpl«4  '-c 

**tt   «teWtO*!1. 

(-1«) Micft 
Di«art*r 
(m\crrm%) 

? 1.0002 
1.9001 

(1.0002) 

0.31 
O.ts 

(0.2J 

49 
4s 

(49.7») 

S 1.0001 
1.0001 

(1.0001) 

0.1S 
0.1S 

(O.IS) 

31.47 
3.   « 

(31.4- 

IS 1.0001 
1.0002 

,1.0002) 

0.1S 
0.31 

(0.?3 

10.17 
10.17 

(10.17) 

30 1.0004 
1.0003 

(1.0004) 

0.61 
0.46 

(0.S4) 

12.»" 
12. US 

(12.«S 

40 1.000? 
1.000? 

(1.0002) 

0.31 
0.31 

(0.3P 

9.0« 
9.08 

(4.00» 

2S0 1.000J 
i.ooo: 

(1.0002) 

0.4S 
O.IS 

(0.3O 

4.4S 
4.4S 

(4.4S 

1.440 1.0006 
1.0003 

(1.000%) 

0.4? 
0.46 

(0.44) 

1.44 
!.4S 

(1.05) 

*0upltC4t*   iwbttap)*!  mri  0**)ft94.   a»4>n   1»   in   p4<-«nth»%«s 



UM«  30.     Hydi -<w*t«r pirticl»  s Mftlytt« o* 4   »ff"»n*    S*Hp'«a    *rm 

rrf«»id  !»i««d. 

'ist 
(•»") 

Hyrodarte-- 
-««ding P»rce«» 

2 1.0003 
l.OOO* 

(1.0004, 

O.SO 
0.43 

(0. 

40.91 
88.41 

49 

s 1.0002 
1.0003 

(1.00t 

0.33 
O.SO 

(0. 

30 
30 

IS :.ooo4 
..0004 
.0004) 

0.67 
0.67 

(0.1 

• 
17.86 

•86) 

30 1.0001 
1.0003 

(1.8002) 

0.17 
O.SO 

•4 

12.63 
12.63 

63) 

n 1.0001 
1.0001 

(1.0801) 

0.17 
0. 

(0. 

8.93 
6.93 

(«•• 

250 1.0001 
l.ooo: 

(1.0801) 

0.17 
0.33 

(0 

4 
4. 

1.440 1.0002 
l.ooo; 

(1.0802', 

0.33 
0.33 

(0. 

1.82 
*2 
• 

•Dwpl'cat» tubtaa« ><. *r» MMlyied. •»«n     s   ,n D#r»«*H»tr%. 

LL 



(•*«) M. 

? 1.000? 
1.0001 

(1.000?) 

0.36 
0. 

(0.») 

50.15 
50 

(50 

1.000. 
: oooi 

(l.ooc 

0.17 
0. 

(0.17) 

31.7? 
31.7? 

is 1.0001 
.0003 

(l.QMt) 

0.. 
O.S? 

'0 

18.31 
18.31 

» l.ono- 
1.000* 

(1.000' 

um 
1.05 

tl.M 

12.83 

(12.03 

M 
1.0009 

1.2? 

(1.40) 

9.0/ 
9.0* 
9.r 

?so 1.000" 
LOW* 

(1.000* 

22 
0.8 

(1.05) 

4.44 
4.44 
*   «4 

1.440 ..000« 
: 000* 

(1.0006) 

05 
0.8' 

(0.9«) 

95 
1.85 

(l.§5) 

''c«t*   tubsMt'^  mft  *n*)yi94. H   •- p«»-»*»tne*«s 



'«!>• 1? 

. 

»•rt'cl» MM •"«•/*'! of   i  t*d-«*«'   %««pl»4 f 

1  «o«t  4trbcr 

' <w «r 

1« 

1. 

-•#<l<»»g 

1 
(1 

1 
I 

1 
1 

1 
ci 

1 
1 

u 

(1 

1 
I 

(1 

JM 

) 

J03T 

MOT] 

) 

0?M 

0023 
002« 

0016 
OOlS 
»II 

a. fi 
20.*? 

n) 
11.71 
11.31 
19.51) 

16.4« 
IS. 69 

(16.Of) 

14. M 
14.48 
•••I 

13.M 
1? 
1?JW) 

11.21 
1.« 

(10.26) 

6 44 
6.03 

(«•   « 

(-icrwi*) 

(•0.37) 

30.3' 
30. 

(».37) 

??.30 
^?.30 

30» 

15.77 
IS. 

(IS.77) 

11.26 
11.26 
11.21) 

S.S2 
S.S7 

2. I 
?.3? 

ilicat» t«    • •»   9*r9tttH*\*\ 

L 



1 

• 

Orty CIOM« Slow«*. 

Pip 
(**) 

«yro«arr*r 
«*rc*«t ess. 

2 1.0013 
1.0018 

(1.0018) 

2.20 
l.OS 

if.m 
48.21 
47.80 
48.08^ 

5 1.0013 
1.0016 

(1.001*) 

i.n 
2.n 

pi.») 
30.4« 
JO.» 

(30.40 

IS l.OOW 
1.0016 

(1.0017) 

141 
i.n 

t7.48 
17.48 

(17.48) 

30 1.001? 
1.0017 

(1.0018) 

i.22 
2.08 

(3.08) 

12.17 
12.37 

(12.37) 

60 1.0011 
1.0014 

(1.00113 

1.87 
2.37 

(2.1M 

8.00 
S.M 

(1.80) 

?S0 1.0013 
1.0014 

(1.0014) 
2.17 

(2.17) 

4.11 
4.31 

(4.11) 

1.440 1.0013 
1.001? 

(1.0013) 

2.20 
2.04 

(2.12) 

1.80 
1.80 

(1.80) 

*Dupt'Cit»   iwfctMp1**   mr*   »n*   il*<\ t   i«  p«r»n?**s*< 

J 



•3 

•Mf   34.      «jrdr<M»t*r   part'dt  »1f»   •«*ly*i»  •*   •   1H »m    .M»1«»*   f 

t»1<M     ud«Hy 

•••» 
(«i«) r««-41«^ *1X9*t 

01«*»' 

? 1.0056 
LOOS« 

(LOOS') 

10.30 
10.47 

(10.44) 

49   I 
•9.97 
49   I 

s 1   0044 
t.tni 

(LOOM) 

4.01 
9.30 

(4.?0) 

31.9? 
11  9? 
11 

is 1.0043 
L004S 

(1.0044) 

7.41 
4.?7 

(8.09) 

18.S* 
18.43 
'«.44) 

30 1.0043 
1.0041 

(1.004?) 

/.41 
7.S4 

(7.73) 

13.1? 
13.1? 

(13.1?) 

«0 1.003' 
1.0034 

(1.003«) 

6.00 
4.?S 

(••S3) 

4.?8 
9. • 
9. 

?so 1.003? 
1.0030 

(1.0031) 

S.St 
s.s? 

(S.'O 

4.S9 
4.«,9 
8.001 

1.440 1.00?? 
1.00?4 

(1.0023) 

4.0% 
4.41 

(4.?3) 

1.93 
1.93 

(1.43) 

•fHjp1   '«t.»   »*#**« tap)*«  «»r*  »nift+4 ,  m**    *   »n  pa» **«t*9%9%. 

\ 



w 

'#M*  IS.     S<*v« p*rt<c»t  »If*  •«•'r*'*  •'   *  *»4l«»*t   t«o»i»J   <ro» ••«*-« 

MOM 
It) 

ftfttt  pfttttftf. 
(t) 

10 ?.000 MI 
?.60 

(?.00) 

114.? 
114. 

(114.4) 

97./ 
97.7 

ü 1.000 10.0 
13.0 

(II.S) 

104.1 
101.1 

(103.3) 

§9.? 
06* 

(07.4) 

JS soo so.s 
47} 

(W.9) 

44] 
34.S 

(40.4) 

394 
?9.4 

(34  « 

oj ?so 
11.9 

(3V3) 

7.6* 
?.4? 

(S.l?) 

4.44 
17\ 

(4.36) 

1?0 1?S S.I 
1.9 

(1.0) 

1.4? 
0.7? 

(1.3?) 

1.63 
0.61 

(I.I?) 

?00 M 0.« 
0.2 

(0.4) 

1.0? 
o.s? 

(0.77) 

0.07 
0.44 

(0.46) 

il teat« tutiwp)» •«•'y»»4. •\   in 



Titelt 34.     Stt«« p«i»el* Hit Nttfftl« o* <  »•*«••«•   iMpIt*  'ro« St.   >M1 

l«rft   T*rain«l. 

\»t*» to.      tfM 
M («) (f) 1 

10 ?.000 0 0 
0.0 

(0.0) 

63.« 
«»3.9 
*J.9) 

100 
100 

(100) 

If 1.000 0.0 
0.0 

(0.0) 

63.9 
63.9 

(63.9) 

100 
100 
100) 

JS *» 0.? 
0.3 

(0.3) 

61 
63.6 

(43. n 

99.; 
99.5 

(99.6) 

MI ?*> o.s 
0.« 

(0.*) 

63.? 
63.0 

(63.I) 

9*. • 
9t  • 

(90.8) 

\n l/S 1?.6 
13.0 

(lt.*) 

SO.6 
so.o 

(SO.3) 
;t. 
m.t) 

" 

74 ft.4 
?S.l 

l?S.3) 

?s.? 
?4.9 

(?S.l) 

39.4 
30 

(19.?) 

••»pi'cttt itfttMpIvt "i«'jr»t<l.  «*«n   <*   i*  p«r»nth*M»%. 

J. 



T*1* 37.     Sit»» pjrttdt ««00 in^lfin of  «  t*41a»«»t   tMplH  *nm Tmctfjlt 

SUv« *or»  it ft 
(-) 

•Mt*   rfU1ft«4 
(fl (1) 

taount   p«ttt*f 
(1) 

10 ?.000 4.4? 
4.42 

(4.4?) 

114.74 
114.74 

(114.74) 

9t.?0 
M.fO 

(00.?0) 

ia i.oon 14.4 
1?.4 

(13.4) 

100.34 
10?. 34 

(101.34) 

04.?! 
os.os 

(OS.OS) 

is son 36.4 
n.i 

(34.0) 

63 M 
70.04 

(•7.30) 

S3.44 
S».4% 

(•*.*•) 

«0 ?S0 SO.» 
44.1 

(•3.0) 

4.04 
4.74 

(4.30) 

3.34 
3.00 

(3.M) 

i?o i?s 3.00 
3.70 

(3.3*) 

1.04 
1.04 

(1.04) 

0.07 
0.47 

(0.97) 

?00 74 0.10 
Mi 

(0.1S) 

0.04 
0.04 

(0.00) 

0.7» 
0.70 

(0.7S) 

*t>upltc«t*  %wb«Mpl»t  mr*  »ma\yf4,   «i«   <«   I«  pirmthrtM 



r' 

«f>!»  18.     S»»*» p«rttcl# iff« tMlfftl o*  • MUMI   t*apt»J *»-o» 

••« Mint C«M»rc««l Harbor 

St»*» »or» »lie 
M (1) 

***** p«»*"»», 
(9) (t) 

10 2.000 0 
0 

(0) 

4;.»; 
4   .«7 

(47.47) 

100 
tu 

(100) 

It l.OOD 0 
0 

(0) 

47.47 
47.47 

'47.47) 

10U 
100 

(Ü 
• 

" 
0.10 
0.10 

(0.10) 

4'.S7 
47.17 

(4' 

99.79 
99.7» 
99.79) 

• 2So 0.20 
0.20 

(0.20) 

47.17 
4'.17 

(47.17) 

99.17 
99. J/ 

'99. •?) 

120 l?< 1.20 
1.20 

(I.I 

44.17 
44.17 

'44.17) 
UM 

(94.US) 

• '4 0.90 
0.90 

(0.90) 

4S.27 
4S.27 

'4S.27) 

94.47 
94.97 

(94.97) 

>1'c«t» iutt««c>'*t «tr* «n«1yf»d, •»••* \\   in p«r»«itN>*»* 



T08»e  39.     S1»w*  Mftlclt  MM  «njtyvt  of  «   io4<ar*t   *««p1o*  fro« **%t 

^•"•t (Hi • 

5l*»r *oro »tft HJ88 r*t«»«Od 
(f) 

N«tf post'»«, 
(t) 

tmnvmt  p«*M 
(1) 

IÜ 7.000 15.0 
15.0 
(15.0) 

115.2 
114.9 

(115.1) 

98.; 
88.S 
(88.8) 

18 1.000 21.« 
10.0 

(15.•) 

93.« 
104.« 
(•9.3) 

72.1 
80. P. 
(84.H) 

15 SOD 55.9 
4/.2 
(51.*) 

37.7 
57.7 
(«7.7) 

29.0 
44.4 
(38.7) 

• 250 37.2 
54.8 
(4€.0) 

0.50 
2.90 
(l.'O) 

o.n 
2.23 
C..3I) 

120 125 0.40 
2.70 
(1.55) 

0.10 
0.20 
0.15) 

0.08 
0.1«» 
(0.12) 

200 II 0.10 
0.20 
(0.15) 

0.0 
0.0 
(0.0) 

o.n 
0.0 
(0.0) 

*(ktp1iC«t#  lutettwplti  tjtr*  «fiAlyr^d,  *t«n   S%   »*  pjr*«? *«M#S 

. 



«9 

'«bit «0.     W»e ptrtlcl* IfM Wm%f%it of  *  \94>m*«*   <Mp1«*  fr*m 

So*»rfl*ld   ttlftftd. 

Si*^ 
(.-) (t) (9) ft] 

10 7.000 2.SI 
?.S1 
|t.*l) 

1?4.9 
1?4.9 

(1?4.9) 

98.0 
98.0 
(98.0) 

18 1.000 8.00 
S.80 
(••90) 

116.0 
119.1 

(118.0) 

91.' 
93.5 
(9? 

IS soo ?8.7 
??.« 
(W.7) 

88.2 
M.I 
(9?.«) 

69.? 
7S.' 

(7?.S) 

«0 ?so 69.0 
«1.9 
(•S.S) 

19.? 
34.« 

I.tl 

15.1 

(11 .tj 

1?0 1?S 18.3 
M.« 
(H>.9) 

0.91 
11.21 
(6.0«) 

O.M 
8.80 
«.'«) 

?00 M 0.«0 
0.80 
(O.M») 

0.31 
10.41 

3«) 

Ml 
8.17 
(4.?1) 

iHcitf  «ufct«*c>1»5  «*«-?  4*4'yred,  m«  t«   in  p«r*nth«t*%. 

Li 



. 

TO 

*bU 41.     St«v* port let»  »1/0  •nt\y\ 's  of  <  sedtarn*   i«op1»*  fro» 

Si»*» •or»   Ifffj 

M (9) 
"«it  p»$«fftq          AMOwflt   f>*\M*q 

(9)                            (I) 

10 ?.000 0.0 
0.0 

(0.0) 

114.9 
114.9 

(U4.9) 

100) 
100.1 
100) 

1« 1.000 19.1 
12.3 

(IS.7) 

•S.8 
I02.t 
(99.2) 

83.4 
89.4 

(94.4) 

3S m S3.5 
40.1 
(IM) 

42.3 
M.l 

(4«.4) 

34.8 
4/.I 

'42.1) 

to 2*> 41.3 
IM 

(47.0) 

1.D1 
1.90 

(1.4)1) 

0.8« 
1.4S 

(1.27) 

120 \2S O.SO 
1.30 

(0.90) 

0.S1 
o.w 

(0.S6) 

0.44 

(0.48) 

200 74 0.10 
0.0 

(0.OS) 

0.41 
O.oO 

(0.S1) 

M| 
o.s? 

(0.44 

^OwpHcot»  twtoto*ptot  «or*   *n*\yn4,  a»«n   I«   in  p«r*nt*»s»s. 



H 

'«*»• 4?.     H8H  P«r»1cl« »1« «n*ly*H  of  *  i»<l'«»nt   t«*>lt*  from Mmofu 

VM"   Bott   Hmrbor. 

1*4 (9) 
*4«S   P«tt"l* 

'8) 
Amount   p«SS»n« 

ft) 

M 7.000 0.0 
0.0 

(0.0) 

64.6 
64.6 

(84.6) 

100 
100 

(100) 

18 1.000 o.so 
O.'O 

(0.80) 

64.1 
63.9 

'64.0) 

98.? 
88.9 

(88.1) 

' SCO 3.80 
3.80 

(3.80) 

80.3 
60.1 

(80. 

93.3 
93.0 

(93 

«0 ;v> U.I 
1?.4 

(1?.?) 

48.« 
87.? 

(48.1) 

4.9 
'3.8 

(74   4 

170 I?S 19.8 
18.8 

(19.8) 
?/.9 

(W.3) 

44.3 
43.? 

(43.8) 

?00 '4 3.3 
7.9 

(3.1) 

«.3 
9.1 

.1] 

39.2 
38 

(39.0) 

l'C»t*   tub5«MP>5   mr*   **4 \ftl4.   *r   tj    .„   p«r*«th#t»t 

L 



n 
Tfltlt 43.    MM particle It« *«*1y»n of * todiaom  *«*ple* fro» Gr*y 

Cloud Slowfh. 

r>U«t>*r 
»or*  $ue 

Uü 
n*i%   rttHn«d 

(f) (f) 
»mount p«s*inq 

10 ?.000 0.0 
0.0 

(0.0) 

114.8 
114.8 

(114.8) 

100 
100 

(100) 

ia 1.000 ?1.4 
15.9 

(18.7) 

43.4 
98.9 

(98.?) 

81.4 
86.1 

(83.8) 

• soc 49.o 
49.? 

(49.4) 

43.8 
49.; 

(44.8) 

38.? 
43.3 
40   - 

• ?50 39.5 
44.4 

(4?.l) 

4.3 
4.8 

(4.6) 

3.75 
4.18 

(3.47) 

!H> m 1.3 
1.6 

(1.5) 

3.0 
3.? 

(3.1) 

?.M 
?.74 

tf.n 
?no '4 0.0 

0.0 
(0.0) 

3.0 
3.? 

(3.1) 

?.6l 
?.74 

(?.'0) 

:'•<:*!*  tufet«Mpl*t »*r« *«*'»!•*.  a»«n   M   1n p«r*nth#tcv 



n 
Table 44.    $»»»• p«rt»c1« tw* «n«ly*n o* 4 MÜVM   *««ple* fro«i 

St««« •»or»  i• /* *•%*   retimed 
(t) (1) t 

10 2.090 0.0 
0. 

(0.0) 

114.6 
1 

« 

ion 
101) 

TO) 

It l.OOC 17.2 
24.4 

rii.fl 
9?.4 
90.0 

85.0 
78.5 

(8. 

<l MX) 4.6 
4*.? 

(4«.9) 

49.« 
43.8 
*• 

«3.5 
38.2 
1 

60 250 29.8 
32.1 
..0) 

20.0 
11 
1.9) 1.« 

Ml HI 4.? 
J 

[4.1 

15.8 
6.9 

i 

13.8 

• <* 

• •4 2.7 
3.1 

(2.«> 

11.1 
3.8 

(••l 

11.4 
3.1 

4 

>U#t»  %tft»»»«0)»s  mr*  4»*\ft9<i.   •»«•*   »s   in  pjr^ntHe'.«^ 



»« 

Soil   typ» 
••rt »cl* %'it 

km 
Aaount 

1 

IMI 

Cofif 7.000-4. 7» 
2 

(?) 

N»<)1«|» 4?*.-?.0OC 
77 

Hi 4-4?% • 
?1 

(« 

S' it *-'« 0 
0 

INi 1-5 0 
• 

(0) 

Collet« <  1 1 
1 

rti 

*'r >*   tmr*   «fM'yfOO.   (Hf      s    ,«   p«f-»nth*«e« 



Kit   I'M   C*«r«Ct»r<j#t *OM   o«    t   %«<l'^*«'    »«Up'«»«   | - • 

• 

ftr\* 

• 

Ch 

7.300-4.'SO 

•«'S- f.« 

«   *» 

» 

<   1 

1 

0 
0 

1 
1 

(1) 

• 
(«) 

74 

(73) 

• 

I 

10 
1 

«c#tt  tw6««ap>*t «*r«   «f«<t'</i»tf,   «*«•<   >%   in  p«,r#«t *#%»»\ 



4 

.• 

' 

Tclil«   47.      ^irttdl   lift  Ch«r#ct»n/«t KM  of   i   i*6immr<>    s«W»U*   fro« 

Part «cl# *'/• %aou<tt 
'o«!  tjrp* (•-) (f) 

IM 

Co«r»# ?.000-4.;w 

MM 4?S-*.00C • 
SI 
m 

Ml 74-«?* 
44 

sot S-*4 0 
0 

(0) 

M| 1-S o 
o 

(0) 

MM <  1 1 
1 

in 

<0upllC«t«   ttfbSMpI««   W»r*   in«   JT7V4.   «Mn   it    m P#r#wx Vl#S#9 • 



i. 

n 

Tfttlt 40.     *»rt1cl*  ltd ch|rict»rWH «on o'   •  t#d<«*«t   %«Mtpl*>«   «row 

• ^1 Mln« Cu—i ml   M«rt»or 

5011  typ* (...) (t) 

\v« 

Co«r%» ?.000-4.;*) 0 
0 

(0) 

4?S-?.000 0 
0 

(0) 

I 
(*) 

« 

Nil 
Ji 
i? 

0 
is 

(It) 

f*m '4 4?S S 
I 

S- '4 4 
II 

r\*j i-s 

cello«! <i i; 
IS 

*0w»ltC«l«   «MS%4«p1«f   *r»   •"•'yl#<l     -"»«r   \\   \n   p«r*nth*t»V 



rakic 49.    Part (de Kit cherecteH tat »o* of  • seO»e**t   \ea»1t* * 

'on. 

Soll  type 

Coartt 

Mn, 

»1t 

Hay 

CoMoia 

*emcie »»ie 

?.000-4.;so II 
l? 

<1?> 

4?s;.ooo • 
M 

<«) 

74-4W 1 
H 

(11) 

S->4 0 
0 

(0) 

l-S 1 
0 

(0) 

• 1 0 
0 

(0) 

•Ovpi'cjt» twoteople« «or» «nalytM.  "wen  1»  <o perentfcetet. 



7f 

T«to1«  SO.     ^«rt'dt  Of«  ch*rict»fi/lt i«>fi of  4   i«d<«»flt   iMpte'   frc 

S«w»rfi«t<l  t»1«nd. 

Soll   typ« 
P»rl tc1« It ft (f 

S«nd 

IHPM ?.000-4.7S0 ? 

(?) 

Mha 4?S-7.0tt» • 
31 

(JS) 

Na '4 4?S 

(M) 

$nt S.74 0 
0 

in, 

C1«y 1-S 1 
0 

(0) 

Collo'd <  1 ') 
0 

(0) 

*0wpHc«tf>  iub%««p'»t ««re  *n*'//»d.   »4"  '»   in  p«r«nt h«*#%. 

1 



4 

i 
C 

SO 

T*1« SI.    »«rttclt \U9 ctt«r«ct«ri(«t1od of  * \«Hwr\   '.««pi»'  frtm 

I«1«ft4 SO. 

Ffrtlclf lift kHOvnl 
sei tyw tm W 

V**d 

Co«r»» ?,000-4.'SO 0 
0 

(0) 

» 4tt-?.000 7] 
If 

(N) 

F tn* HAT*, s 
(KM 

Mil *-74 0 
0 

(0) 

* l-l 0 
0 

(0) 

GflltM < l I 
i 

m 

«Owpltcitt «ubt«ap)«« «*r« •n«»r»vl. «••« 1« In ptrtntN«««« 



81 

'•M*  S*.     Mrttctt MM cH«r#ct»MMt»oft of  < M4ta»«tt   »Mplt1 Hi 

s«n up (I) 

iMfl 
Co«r»r ?.000-4.'SO 0 

0 
(0) 

*H»u« 4?S-?.000 10 
11 

(in 
Ftfw '4-4JS si 

so 
(SI) 

s»»t S-74 • 
n 

(K) 

CUy M 

(U) 

CoUoH < i J 
J 

(J) 

>' "••!#   tutttMptt« «*r«  •"•ljrifd.   *»•"   l«   m  p«rtnt^*»% 



TtbW  53.     Nfttttt  »*!•  rh«r«ct*r1j«ttO«  of   4   »t*t«»nt   S«*1t*   fro» Gr»y 

Cltv* SIi 

Son t?p* 
Particit »lit 

M 
taount 

(t) 

S«nd 

Cotr%t 2.000-4.>SO 0 

A 
Mid «?S-?,000 

M 
mi 

r tut 74-47S 

S«It S-74 

(*>) 

,:, 

CLjr 1-% 0 
0 

(0) 

Ctllt«* <  1 

,!, 

•OupHcitt tubttapitt «trt **4)ft04, m»r  t«  tn ttrtntbtft«. 



T*le  S4       P*rUc1o  Hit Ch«r«cttr1|«t ton  o'   a  sodtaont   %«*)1*'   fro» ft*1< 

MMby. 

So<1  typo 
Pirticl* »>/* 

M (I) 

S«Ml 

Coort* ^.000-4.'SO 1 
0 

(0) 

Nodltf» 4?«»-?.000 p 
'1 

1443) 

MHO 4  4?«, /4 
H 

sm 

C»4t 

ColtoH 

S-'4 

1-S 

<   I 

(» 

*0wpl«c«tt  wbto*?ltt  »r,  «noly«o«l.  mi»   If ti »oronthosot. 

1 



I 

Tool» SS.       Qw«ftt1t«t<vo cN«r*ctort|«t1©r. of  r»co«%! 'tJt^d «it»r «fcicfc Mt 
• itod for  prop«r«t«o* of porticwlot* «nd tlwtttt* ph«*«-v 
«     

Ch«r#ctO»'1»t«C Unltl Concentr«tto* 

Volattlo  »oHoV I <0.10 
<0.I0 

(<0.I0) 

pH • .« 
l.tl 

CTC ««/L <10 
<10 

(<10) 

<0.I0 
<0.10 

(<0.10) 

<0.10 
<0.10 

»or ••A 

Tot 01    pnO»P»»«t» mn 

oth-» photpfcot* mn 
(<0.I0) 

<0.10 
<0.10 

(<0.10) 

*ma*U « «i/l <0.0S 
<0.0S 

(<0.0S) 

»I»Mtt * «|/l <0.00? 
<0.00? 

(<0.00?) 

«Itntt N «f/i <0.0; 
<0.0? 

(<0.W) 

0«)  •*<) Crooto «f/l <s.o 
<s.o 

(<S.O) 

M «'.<• a«A <0.üOS 
<0.t 

(<0.0OS) 

(••rt) 



T«bl» W.     Icwt'tf) 

•% 

r»««r«ct»rUt»C URttt C«*c*«tr«Mo« 

**d 

H»K 

N       »*1 

"•»riury 

C#*»»y* 

^Ct *%  Aroclor   l?M 

300 

DOT 

•i/t 

l/l 

l/t 

•t/l 

l/L 

M 

»»A 

M/l 

• tf'l 

•f/l 

<0.< 
<o.oo«, 

UO.OOS) 

<0.00% 
<0.00* 

(<0.^ 

<0.001 
<0.001 

(«o.oon 

<o.om 
<0.< 

(<0.nto 

•.01 
<n.om 

<0.001 
<0.001 

'<P.OOD 

<o.w 
<0.%0 

(<0.S0) 

<n.?o 

(<0.?0) 

<0.0* 
<o.os 

(<0.0%) 

<0.0% 

CO.to) 

<n.io 
<o.in 

(<0.10! 

(•or«) 



T«bl» SS.     (cont'tf) 

C*«r»et*r1$Uc IMU» Co#ir    »ration 

I«dr»« 

D»*ldr*n 

•tlordll» 

Wf/l 

Hf/L 

»f/L 

<0.0S 
<0.0« 

<o.w 
<0.OT 

(<0.OT) 

<0.10 
<0.10 

(<0.10) 

•Oypl'catf   lut>*Mp)*s   mr+   4*i\yt*<i,   •»«n   1$   <n   p«r«ntH4»t*v 



• 7 

'«bl» S4.     Qu4>ntH«t </«   :**r*. if - /«' »o«  of   thr*#  p*«t»t  of   4   MIM 

Cl»«r«cttr>itir MHi 
l*rt»eMl«te 

Ll4jM 

»ol«t|If  tslid«   (I) o. | 
0.   1 

(P.30) 

. H 
10. 
(S.4<J 

.1 
4.1 

PH .48 
M 

fl.l 

8.04 
'.»4 

('.44 

S4 

»a/i •L *» 

rao MO 
49) 
Mt! 

||, 
'6.0 104 

I • 

»no 34. 
«*.l 
4'.«) 

tl.O 

(<».') 
14.S 

•*'   p*OV »*•* m m 0. 
0.?J 

Ortho pfco%pfc4tt 10.0 
10.0 

(10.0) 

Mpj 
Ml 

(0./0) 

<0.10 
<0.10 

^<0.1Q, 

*mmr- • * 4 <o.so 
<o.w 

(<0.S0) 

<0.0*0 

{«0.040) 

o.. 
O.f) 

4 

1    "tf «i n.030 
0.030 

(0.030) 

0.00? 
0.00B 

(O.OOf) 

0.00' 
0.00' 

iO.O 

1  •-•t» 1 
0.430 
(o.iii) 

0.140 
0.1'S 

(O.IS«) 

1.1 
O.W 

(O.m) 

01)   **  qrvitf 
m 

(IM) 

?l.O 
w.o 

(tt.S) 

or 
<s.oo 
<s.nr 

CHrvattf» »4.0 
l).0 
'.4.4) 

MM 
0.114 

(0.?14) 
«o-oo41 

(<o.o<> 



• 

••«•i» s* (Ct*»f*> 

•Ad    Jflttt 
MM Wl—wOdd it«nid 

'(*P»' i.o* 
l.w 

(1.4?) 

0.07? 
0.07? 

(0.07?) 

<0.000 
<0.0OS 

(<0.0OS) 

LfM 1.44 
1.00 

(?.*•) 

0.01? 
<n.000 

(<0.OO« 

<o.oo*. 

(«•'S) 
7»*t •>-.o 

w.o 
(00.) 

<0.001 
«0.001 

(<0.001) 

<0.001 
<0.00l 

(<0.00l) 

-on Vl?o 
11.3W 

(10.MO) 

os.o 
on 

0« 

<0.01J> 
<0.01P 

uo.nio) 

"»» 1?.S 
13.0 

(1?.0) 

<0.OI0 
€0.010 

H0.010) 

<0.01P 
<0.010 

(C0.010) 

"•'Cury <0.010 
<o.oio 

(<0.010) 

mil 

<0.00i 
oo; 

MM) 

oji 

<0.00i 
<o.ooi 

(«P.nc 

^"'^ m 
(7%%) 

4'.3 
.7 

Mi 
01 
Ml 

Kl  01   A-OC'or   l?M <1.00 
a .oo 

(<1.00) 

...0 
<0 

• <0.?0 
<0.?0 

(<0.f0) 

mM 
(<0 

" 
<0.?0 
<0.?0 

(<0.?0) 

<r..v 
101 
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'«felt M.     (cant 4) 

Ntrfectovittt« 
•Ml jMtl 

Solid 
Mr( Hulat« 

•1 

:nn 

.)i#1jrin 

Cfelordjiw 

<0.40 
<0.40 

(<0.4 

<0.M 
<0.W 

(<0.?0) 

vO.K) 
<0.?O 

(<0.?0) 

<0.40 
•0.40 

(<0.40 

<0.10 
<0. 

0.90 
0.44 

(0.47) 

10 
^0.10 

(<0.10) 

*Owpl'c«te  %ubs«*pl«i  «are  «na'yfod.   a*«n  If   tfe 
»lo«> tot  «voi1 obi« 'or this  toople •* 

i 



Tftfelt  19,     QutntUi't«« cMrictiruit to«  of   tfcr««  ^ut  o'   « 
IMptt*  frp» St.  »Mt  Sor«*  T»r»l*o». 

! 

Ch«r«cttrl»t«c 
«fid  uft'U 

Solid Swtptmlil 
port lcuUtt 

Li**t4 

voUnlt voldidt    l 1.94 
2.76 

(3.38) 

14.7 
1? 

(13.7) 

18.0 
29 

(23.8) 

PM 7.39 
7.43 

(7.41) 

7.72 
7.49 

(7.41) 

8.12 

(8.18) 

il/i m/t 171 

cno 21.400 
IS.300 

(18.400) 

BJSJ 
1/6 

(478) 

144 
»1 
348) 

Hi 912 
1.060 
(884) 

41.0 
13.0 

(27.0) 

14.0 
18.0 

(U.0) 

Tot «1  Phosphate 1.750 
1.780 

(1.770) 

0.28 
0.13 

(0.11) 

Ort he  Phosphate 48.8 
47.S 

(48.2) 

0.30 
0.40 

(0.3S) 

<0.10 
8f.lt 

(8i.lt) 

fcVDAK   «I 30.0 
30.0 

(30.0) 

8.20 
8.40 

(8.30) 

6.07 
4.26 
6.17) 

Hunt* 1 0.070 
0.070 

(0.070) 

0.020 
0.021 

(0.021) 

0.011 
0.012 

(O.n 

•Ml N 0.4SS 
0.440 

(0.M8) 

0.1M 
0.191 

(0.174) 

0.1. 
0.236 

(0. 

Otl   «nd Grt«it 490 
6» 

(MO) 

13.0 
11.0 

(22.0) 

<s.un 
<S.00 

(<S.OO) 

rQMlMB 38.3 
38.7 

(38.S) 

?.28 
2.24 

(2.28) 

<0.0tl 
o.oti 

(<0.007) 



4t\t  it.      (COM'4) 

nnr*cT#rtitlc 
»no unit« 

Sol-a 

mm 

/l»K 

If* 

Nickel 

• 

Kt 4\  Aroclor   :?S4 

30T 

t.M 
8.00 

*0) 

17.S 
I.I 

(»* 

194 
?10 

(iff) 
1?.>00 
16.MO 
14.V00) 

?3.? 
(ft .4 

<0.010 
<0.010 

(<0.010) 

112 
««) 

114 
4.) 

US.«) 

1.4« 
I.I 

(I 

CO. W 
<o.w 

«o 

o.so 

40) 

IMrt icul«t« 
L«Q««d 

0./4 
0.0? 

(0.'4) 

Ulf 
* 
10) 

0. 

44 

l.?60 

1.4? 
1.10 

») 

0.00? 
0.00? 

fft) 

43 
4) 

(<0. • 

«0.001 
<0.00% 

(<0. 

'It 
I. 

I 

<0. 
HO 
om: 

<0.0|u 
<o.oin 

(<0.010j 

• 00i 
<0. 

(CO.OOI) 

-l/i 
||.I 
'4.4 
44. 1) 

<o.?n 
<0.?0 

<0.0* 

<0.I0 
<o.io 

(• 



'«bit  *7.       font   d» 

92 

CMr«t»ri|llt Soli* M«jtfl4 
i*d    U«IH (»rtUullt* 

I ftdrin O.W 0.0* 
o.?o ... O.M 

(0.?0) (O.M) 

Oiffldrtn 0.64 •  . - l.Ot 
0.67 O.H 

(0.M) (0.7?) 

Cfclord*n« J.?« -  -  • <O.I0 
?.*) <0.I0 

•   Y> (<0.I0) 

•Oi.pl'c«tf  twbtMpIti «trt  «njly/ed,  m**   l|   »n jurtntnet 
"NrthodolOfy   «K>t    l«|H|t1(   for   thii   iMplf   Wtrli. 



T«btr  SS.     Qü«ntit«ti«t  ch«r j. ttr wit < o»  Q1   rhre«   ..«*.«*  of   4   v*di4»t.> 

CMrKUriilic Ulio * IH>M 

«olitllr   s- MJ%   't) 0.!? 
• 

U.I 
I.I 

4) 

m Ö.16 
I.I 

(••• 

1.20 
?• 

'8.?)) 

•• 
•..4 
(•.ID 

i  . Wtk Oft 
CUD 1.040 

•'4) 1?) 

4«. * 
SO 

•CO ia.i 
lt.i 

(19.0) 

J.I0 I.SO 

1 • 

' 11   Wu»»,T*«J r VII /s 
1, 

Orl Ho P*ot;*«tt m* 
10) 10) 

•MM! 
<o.so 

SO) 

• 

f>.0*0) 

•• 

so) 

*i!ntt  1 <0.010 
<0.<M0 

(<o. n 

(X» 
vO.OO? 

(tO.OO 1 

N    ' P«tl    * 1. 
JS 

lt.») 

0.44 
J. JJ 

(0 

Ml 
* 
4*) 

I'd    -•>«»• 
MO 

a.o 

4) 
I.I 

1 
Cfcrn*1.j« 

no 
0.?4 

If 
(0.?l) . on 



^.      <ro» 

Ct>*r«ct»rnt U ojfttO 
p«rt Iculftti 

LOojpOO 

Co«*r 2.1? 
»0 

(2.1*) 

0.012 
0.000 

(0.010) 
•• 

(CO.0O0) 

#«4 2.44 
4.1ft 

(J.40) 

<o.oti 
<0.00*, 

(<0.0OS) 

<0.00* 
40.000 
0.00%) 

/tue 4  40 
24.4 

(14.4 

0.»/ 
1.00 

... 

o.s; 
0.4 

(0.*2> 

Iron a. is4 
7.SJ4 

COW) 

• 
4f 

010 
(0.010 

(<0.01 

H'Ch») 1J.3 
1S.J 

114.) 

l.X 
0.000 

(0. 

0. 

1  i4 

•«tr <o.oio 
<0.010 

'<0.010) 

01.on 
C0.001 
j.noi) ' 

m -«Zi 1 ' 

C«es1uai 1.240 
'00 

M.010) 

44.2 

* 

m 
lf.0 

*»Ci  «%   Ar« »or   1     * 1.2« 
«1.00 

(<1 

b 
<0 

(40 

000 <0.20 
<0.20 

U0.2O) 

<0.M 

(<0. 

• <0.20 
<0.20 
<0.20 

<0.04 
<0.W 
<0.0* 

OOT <040 
<0.40 

K0.40 

* - « 
<0.lo 

(<0 

..,. 



is 

T«6lt   ».      (twit'4) 

C*«r#<ttrUUc 
• Ml   ..nlU 

Wild Susp«*wJ 
Mlrt >Cu««tt 

m*wj 

Iwdrin <0^0 
<0.?0 

<o.os 
<o. 

(<0 

f Idrm <0.W 
<0.?0 

(<0.H>) 

<0.40 
<0.40 
(0.40) 

0.4« 
(O.M) 

•Owf1U4t«  tublMpies atrt 
for   thU •ftrls. 



fMf*(l»rlttiC teli« liquid 

Mtottlo ioiid% (f) 1 
S3 

(a.on 

13.1 
l?.t 

(11.0) 

1« 
19. 9 

<1"* 

PM 4S 
4S 

(7.4- 

12 
'.SO 

(7.4 

• 
H 

*ll 1/L m 
COO 

u.soo 
(3S.2O0 

3.140 
3,l«JO 

(J.100) 

Hi 
ft] 

(»32) 

90.4 
96.0 

•2) 
*• 

Tot«)   M»tp*4:r 3.170 
j.100 

(3. 

Ü.4 
0.4 

* 

»fcospfcat« S 
SS.O 

(te 

1.40 <0. 
.10 

(<0. 

A«H>nl«   N MO 
Ml 

(HO) 

12.2 
13.S 
12.9) 

7.S2 
7.10 

(7.31) 

Nitntt  N 0.000 
0.000 

(0.000) 

0.042 
0.041 

(0.042) 
o.o 

(0." 

«>tr«t« » 0.33 
0.42 

(0.30) 

0.000 
o.u 

(0.0*4) 

o.u 
0.004 

(O.OT 

OH   *n4 (trt«tr m 
210 

(430) 

20.0 
»».0 

(tt.t) 

?.Ot 
I.Ü 

(2.4 

rnra.1^1 OB.' 
30.7 

(04. 
1.6S 

(1.42) 

<o.oos 
<0.00S 
O.OtS) 



'«bit S9.     («Mt m 

CMncttrjtlc 
tna  uni's 

•   - 

«•.»a 

MM 

Irt* 

*'C»ff' 

47 

Solid 
ICy 

«c*.u* 

KB  «t  Aroclor 

001) 

..«4 

14.? 
1/.4 

(17.t) 

0.91 
0.41 

(0.46) 

<O.Ott 
fJ.tH 

• 
4.44 

(8.08) 

0.40 
0.34 

(0-34) 
• 

i 

?4? 
140 
?16) 

7.40 
4.30 

(4.10) 

•101 
'0.001 
<0.001) 

?4,30Q 
?1.40t 

(??.400i 

44/ 
1.100 

(1.040) . 

$3.0 
61.4 

(47.4) 

1.41 
1.71 

(1.74) 

0.040 
0.030 

(0.( 

0.0O4 
0.003 

(0.004) 

njZi -iZi 1 
4.410 
4.040 
*   '30) 

tu4 
193 

(144) 

I? 

14.1) 

s?.s 
47.0 

(44.4) 

.4 <0. 

(<0.. 

7.?S 
3.30 

(4.It) = 

<0 
<0.0«> 

(<0. 

0.?4 
0.3? 

(O.lt) 
- - - 

<0.0* 
<0. 
(0. 

0.S3 
O.M 

(0.44) 

4f.lt 
It, 18 
(0..                         t 

(«or«) 



f 
'«tit b§       «co*t  1 

«i»»it» 
So»td 

ICy 
UCjyH 

Eafrt« 

J1*l<Jr   ' 

rMord«n* 

0.21 
0.26 

(0^4 

o.t? 
0.92 

(0.W) 

7.0* 
7.14 

(7.10) 

<0.04 
<0.0% 

0. 
0.20 

(0.4- 

<0 
<0.10 

(<o 

•Duplicate   suO*««plei  B*rt  «njlyrod.  mttr   \%   in  parent*»** 
•»•»»tHodo'ofjr   not   «««liable   for  this   staple  Mtn. 



1    6C.       Qb«"t 
S4«p'o4   »ru» 

:h«r«!jr    nl 10«   of 
MS*   Norton 

thre«  p»m* i sodiaoot 

CMr«ctcnstlC Solid iusooodod 
f*                   It« 

liquid 

«oliuit solids I 0.44 
0. 

• 

1.96 1% 

PH 

(7.80) 

8 
8.19 

(8. 

8. 

•ft m •A 
roc 

Ml 
10) 

65 
'4 

• 

M 4J.4 
8 

0 
34.8 

* 
• 

Tot«l   »hOSfXMt» 

5M) 

o. 

Ortfco Ffcospfcot« 15 
If. 

0.85 
0.7? 

(0. 

0.14 
0. 

* 

A«»ni«  N <0.50 
<o.so 

.50) 

<0.0*> 
<0.05 
<0.05 

<0 
<0 
<0 

rtti ft 010 
0.010 

<0.010) 
<coo? 
<0 089 

r«tt   ft o./o 
0.64 

(0.67) 

0.4 
0.140 

(0..44 

0. 
0. 

(0. 

Oi'   «nd >ej» ?.5l0 
1.'4 

(2.1») 
?1? 

4 

Cfiroait«i 
96.5 

» 
0.1? 

<0. 
* 
* 

M 



I 

So 

• 
an 

«MMu» 

roclOf 

• 

- . 

- 

30 
00 
M) 

)Di <0. 
to 

m .«o a 



ät   t   tu. >nt    1 

101 

jnü   .«mtf 
Sol'« Um 

[nör   n <0.20 
<0.20 

(<0 

•: . N 
'0.0*> 

^iflOrin 
a 

<0. 

M 

:m CO.40 
40 

'<0.40 

*0uplic«t* 
I 

«P*i   «or*   «n*   y{«0,   *»«n   's   'n   p«rentese\ 
<*« '   *0 > «ap'e  Mt i 



X»4nt   t*t   .e   -^ric, ,n   of   Ihre»   pfc«ie%   i»   4   \#d  1 

**«pie* frg« sow     -     IsUaO. 

' <«r-Jt>c 
«nd  jnit» 

Solid 
p«rt  cuUte 

.uld 

#oUtH«  solids     t 0.38 
0. 

(0. 

H 
14.8 
4.8) 

10.9 
4 

PH 8.18 
8.1? 

(8.15) 

8. 
• 

99) 

8.19 
17 

mix • •tfi 
cue 1.240 

1.090 
.'0) 

192 

(182) -4) 

BOO BJ 
48.4 

2) 

29. 
34.0 

6) 

19.7 

9) 

t a 1  p*oip*<! 69; 
671 

(884) 

0.1) 
0.14 

14) 

MM fi*.ospMtt 18.5 
20.0 

(19.3) 

0. 
0.80 

'8) 

<0.10 
10 

<0.10) 

fc*0*<.J  H <0.50 
<0.50 

(<0.50) 

0.079 
0.09, 
0.D8S 

0. 
0.10 

»• N <0.01 
49.81 
<0.0i) 

0.004 
0.004 

(0.0O4 

0.00s 
0.00s 

•*te «1 0.37 
0.14 

(0.26) 

0.07' 
0.079 

'0.078) 

0. 
0.008 

(0.094) 

Ml   «Ad  jre«s« 153 
207 

(180, 

99.0 
•>4.0 

(76 

POMlMI 28.2 
.8 

^.0) 

0.21 
0.13 

17) 

<0.<TO5» 
<o. 
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'•bit 61.     (COM tf) 

Cfc«r«cttriU»C 
«rvd   jdUs 

•jNfl 
p#rticu  «tt 

im*n«j 

Copp«r M| 
4.SO 

(4.4* 

0.086 
MM 

<o.oc 

<0.OOS 
<0.00% 

(<o.oo 

LMd 0.1? 
0.12 

(0.12) 

<0.0OS 
<0.0» 

(<o.or 

<0.0H 
<o.oos 
J.OOS) 

Z»IK 80.4 
70.4 

(75.4) 

0.S7 
? S2 

'S) 

1.00 
'4 

(1.16) 

i ron 12.100 
IS.400 

(14.100) 

40.0 
210 

(133) 

<0.010 
<0.010 

(<0.0I0) 

Nicktl 20.« 
24.6 

(22.6) 

0.17 
O.OSO 

(0.11) 

<0.0|0 
40.010 
<0.010) 

**rcury <0.010 
<0.010 

(<0.010) 

<0.00l 
<0.001 
<0.001) 

<0.001 
<0.001 

(iO.oo 

"i/ a »SA -l£l 

*da»j» 1.370 
1.4O0 

(1.430) 

S.14 
SI. 1 

(43.1) 

IS.? 
S.34 

10.3) 

Ki  «  Aroclor   1?S4 <1.00 
<1.00 

(<1.00) 

.b <o.?o 
<0.20 

(<0. 

-a. <0.20 
<0.20 

(<0.20) 

<o.os 
<0.0' 

(<0. 

DOf <0.20 
<0.20 

(<0.20)   

<0.0*> 
<o.os 

(<0.OS) 

DOT <0.40 
<0.40 

(<0.40) 

... <0.10 
<0.10 

(<0.10) 

I 
(•or* ( 

1 
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T*6lt 41.      (cont'd) 

0«r«ct»rHt»C 
«nd  MMtl 

Soli« S*tM«dtd 
0«rticultt« 

U*nd 

[ndrin <0.K) 
<0.?0 

(<0.*0) 
... 

<0.0% 
<0.to 

(<0.0S) 

Oteldrm <0.W 
<0.H> 

(<0.?0) 
... 

<0.(H 
<0.W 

<<0.04) 

Chlorddns <0.40 
<0.40 

(<0.40) 
• * * 

'...JO 
<o.io 

(<0.I0) 

"Hit todo I OOjr   not   4*«ll«6lt   for   this   s«*>t«  a*tr   . 

; 
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'•Die t?.     jktMitilot inM   .«' M*«» pfc«t*t  of   <  i«4t«rn' 

MJM ..«J 

voum» ton««   t O.M 
I.M 

(O.M) 

».3 
».1 

(20.1) 

9 
ri.i 

P* 61 

CM) 

*1 
7.51 

(/.si 
• 
• 

-i/i Mj| •p^i 

coo -V 

30) 

94 

M.J) 

121 
\n 
n 

•00 40.5 
S9.4 

(M.l) 

0 
J4.4 

(u.n 

14.9 
« 

Tot«)  pfcosptute Ml 
691 

(47*) 

0.« 
0.?1 

OrtN)  p*>ipA«t* lo.f 
10.1 

(li.s, 

o.zi 
o.?o 

(0.74) 

0. 
JO 

(0. 

hmtmM N <o.so 
<0.M 

KO.SO) 

MM 
0.004 

(0.01 

04* 
J. 

(0.007) 

MfjMM * 0.014 
0.014 

(0.014) 

MM 
o.ow 

(MM] 

0.0O4 
0.004 

| t 

MOMM * O.S% 
0.49 

(0> 

0.1* 
0.14 

(0.14) 

0.14 
0.?1 

*>) 

1   in4  grt«lt ?.1W 
1.4M 

(1.M0) 

»4 
174 

(143) 

l.*0 
i.W 

(•• 

*ro»1«« H.I 
U.I 

0.11 
0.0S4 

(O.M? 

<o.oos 
<0.0OS 

(<C.0OS) 

(•ore) 



r*l»   *?.       (con- 

I 

«A4 «rtti 
voHd 

P*rt1Cul«tt 
ItqwU 

mm Ml 
(t.0t> 

104 
<0.0M 
J.0O») 

'0.004 
<0.0» 
<0.00%) 

ymt urn 
4.S? 

(3.W) 

10S 
<O.O0» 

«0.00») 

<o.ott 
<0.ttl 
<0.0Wj 

M M.6 i.to 
0.* 

11.If) 

0. '4 
0.11 

4«) 

Irw 9.MO 
1J.400 

(11.000) 

J4.0 
KM 
'0.0) 

vU.010 

3.010) 

Vdtl 
?«.s 

MN 
o.?t 

(•.It) 

<0.01(1 
<0.0|0 

(<o.mo) 

•»»r <0.0I 
<0.010 

T.OJO) 

<0.001 
Ü.001 

(<0.001l 

<0.00l 
<0.0O. 

(<0.00l 

Ofl »1A "1A. 

•4ai*a 
1.070 

11? 
14.» 

ta.tl 
<o.so 
r.M 

»CS  »\  Aroclor   1?S4 <1.00 
<1.00 

(<1.00) 

<o.?o 
<0.?0 

(<0.W) 

0» <o.ro 
<0.K> 

(<0.20) 

<0.04 
«.« 

(<0.04) 

OM <o.?o 
<0.H> 

(<0.1t) 

- • * <0.04 
<0.0* 

KO.M) 

DOT <0.40 
<040 
<0.40 

<0.10 
<0.10 

(<0.10) 

•PI 



10/ 

J. 

- M.     (cwl-tfl 

Mr«l»fl»tlt HNi Sy%p»«d»<i UjM 
•nd «Hi (Mrt tcui«t« 

«Jrm <0.W <C  • 
<0.W <0 (M 
<0.?0; 

Oifl«rtM MM <o.w 
<0.K> <0.04 

(<o./n 

Chlor«««* 0.40 "• 
<0.40 

(<0.40) (<o 

•0*p1»C«t»   lvt>t*«t>lf\   «*rc   »**\fl94.   m—n   it   in   (Mrrntrsvt. 
^thodolotjr   not   «««tl<blt   'or   tun   (««pie Wtrlt. 



r«ftlt   II.      *jM«nt «t <t 1 »•   CMrii!»ri/lti«r   of   tfcrf«   ,.h«V«%   ff   4   k«d I «•«'.! 
iwople'  fro« tfirton*  Vw<l   Soat   H«rbo< . 

(MriCttr'ttK 
and   j«i»l 

MM Swtp«ftd#<J 
part .*ul«t* 

iqutd 

«Olllll»   \0lld%    (t) W.4 
It.» 

••) 

•* 1 
C.44) 

IS 
'.3* 
'•34) 

M 

M) 

at «•A 

COi D.tOO 
14.100 
14.000) 

)IS 1W 

m W 
6 70 
liti 

• 
34.4 

(3?.1) 
?VS 

Total   »fcosfrtut» WS 
I.IM 

11.« 
0.11 

(O.li) 

Hvi   ^0*i)»»jtf 0.6» 
0.15 

(O.ftS) 

U.I* 
u.l» 

.1«) 

WWKXM« N 1.40 
9.00 

(••>0) 

1.140 
I.B; 

«4 

I.SO 
I.M 

(I.M) 

Mt«   N 0.0)3 
O.OjJ 

,0. 

0.0?0 
0.0» 

(0.0?0) 

0.0?) 
?4 

(0.4*1 

M T«t«   ft 0.13 
0)3 

ro.n< 

0.14 
0.1« 

(0.IS) 

0.?) 
>4 

1 

0«1   «nd  Gr««t« ...» 
* * - 

...ft 
<  ? 

(34 

Cftraaiy« 34.? 
JS 

(M.0) 

o.8; 

(0.17) 

<o oos 

(<0.0m> 

* 
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«Me 63.      (root   d) 

CMr«cttrt»tH 
«Ad   jftltt 

Solid Sutp**d«4 
p*rt Imlott 

114)1.1« 

Cdff«' 1.44 
4.0t 

(I.M) 

0.11 
0.13 

• 12) 

<0.0K 
<0.00S 
<0.0M) 

m ?.44 
4.?4 

(1.44) 

o.to 
O.IS 

'0.   • 

<o.oos 

'mc 43.? 
49.? 

(44.?) 

3.41 
1.41 

<?.41) 

tO.OOl 

Mtl 
Irw 10.400 

11.400 
'11.000 

218 
1) 

<0.010 
<0.010 
<U.010 

1     it' ??.? 
?3.4 

• •) 

I.I3J 
6.99 

(4.») 

<u.oio 
0.0/0 

('O.oi 

*«Tf <0.0J0 
<0.010 

(<0.010) 

<0.00] 
<0.001 

(<0.001 

<0.fHJ. 
<0.001 
<0.001 

9U1 4A -i& 
MMl 1 

1 
(1 

.4?0 

.*4») 

41.3 
M.I 

(4' 

9. 
?.M 

(4.04) 

K%  m  Aroclor   1/V4 30.4 
19.4 
?4.t) 

...c <0. 
<0. 

000 0.S4 
0.4? 

(0.W) 

<0 

(<0.0*) 

OOf <0.W 
<o.?o 
'0.0?» 

<o.os 
<0. 

(<0.to) 

JO» <0.40 
<0.40 

<<0.40, . • • 

10 
10 

t<0.10) 

.«r 
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T«*1e 63.     (co«t  4) 

IWHMHIMI Sol 14 Sutpo«4*4 Lifu'4 
•»m ufiti P*rt iculit« 

1«<1' <0.H) <0.O* 
<0.H) <0.0* 

(<0.W) (<0.0S) 

eldnn 0.21 «••A 
0.?1 <n.o% 

(0.?P • — * uo 

•   -"-dan* 0.61 <0.10 
0.44 <0.10 

(0.63) 10) 

*Do_>1iC4te   wblOOplri  «*r*   «njlyied.   a»*r   i,   in   ,nr»r.t*ses 
DHr'. fcodoloojr  not   «»«'ijble  for  this  %«ap1« Mtrta 
Vtnodolcojr  not  4««il«bl«  for  X.t\\\  staple Mftrta 



Ill 

'«bit  1/4.      Ju«nnt«tivt 
»••pi**   *rm 

Ct»4" «Cttr i/J    '0*»   0* 
Gr«y    ' loud   Slow«*. 

three    *a>fs  o'   < 1   »Odt«Mt 

4H*   «Mitt 
Solid SutfMMtdtd 

<rticuljte 
uqu'd 

»ol*t M«  »olid»   (t) M| 
o.so 

(0.^4 
13.1 * 

4 

n /••• ;.§3 

• 

n.m 
4.11 

(8.10) 

M M ftl 
coo 2.84J0 

2.§20 
'•0 

4/4 
HI 
sap 

•00 14/ 
1« 

(MM 

4 
4.   4 

4 

»2.0 
9.4J0 

Tot«)   »*o»p*ijte 
m 

(§43) 

o. 
o. 

Ort*o f>Ho»pe.4te 40.0 
41.J 

(40.1) 

2.1»» 
1.84 

0.24 
0. 

**"'»  N 3.20 
J.20 

(1.1 

141 
(l.SS 

1. • 
4 

• 

nitrite  * 0.040 
0.040 

(0.040) 

0.0/3 
0.0/4 
0.0/4 

0.0/ 
O.n 

Nitrat* * 0.10 
0.16 

(0.14) 

0.046 
o.o/s 

(0.044) 

0.1» 
0.14 

• HI 

OH   olid CrMM 1.030 
14.700 
(M 

1.030 
m 

(»18) 

.0 

Ml 
CHrO»'«« 36.4 

30.1 
n.2) 

O.M 
0.82 

8%) 

0.' 

01 



TjM*  64        (co«t   d) 

CMncttr'itK 
4»*i   jm 's 

Solid Suspended 
(Mrt tCvtttt 

Li« 

fOi Ml 
6.44 

04 

IS 
0.15 

(0 

<0. 
.0JK 

tat 4.10 
5.00 
4   *) 

0. 
0.13 • 

Zinc 66.4 
66.4 

(•*   » 

5. 

4. 
0. 

(O.ftt) 

U 
n 

(il 

m 
.100) 

166 
150 

(It <0.    . 

• 30.5 
?6.9 

0.3ft 
1.3? 

(0.05) 

0. 
0. 

(0 

HfCMf f <0.010 
<0.010 

.010 

<0.00. 
<0.00i 
(0.001 

»I 
001 

(<0.ut) 

MZ1 "*! «•& 
«t..« l .010 

9in 
»60 

59 
1 

41) 

14 
3. 

« 

PCB  M  Aroclor   ..'S4 16 
l.?3 

(1.10) 

b <0.» 
<0. 

(<o. 

000 <0.*0 
<0.*0 
(0.M) 

<0.05 
<0.05 

05, 

1 
<0.*> 
<0.» 

(<0. 

<0.05 
'0.05 

H <0.40 
<0.40 

(<0.40) 

<0 

m>r. 
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Table 64.     (coot  d) 

• <!' *<.' rr    M »c Solid buspondod 
«nd «Mil (M                       *f 

End- <0.H) •J 
<0.M <0 

?0) 

tldj <0.2D 0% 
<0.20 <e 

CMortfor« <0.40 
<0 4 <c 

4 

J 1(4   SuOlOOples  mtrt   «n«   //«d.   ar*r   i,   in  p*rviHei«l 
^tuodolofjr *ot  «»«•!«*»« for t*ti voapl« «tf 



1*4 

IMP I*4   *'0»  t>«lo«   CuO*' 

4»W 
Sol <d 

It« 

¥c                        r.     1 .* 
4 

8 
4   - y  - 

m 
67 

8. 
8. 

azi • •1 
COD 

MS] 

•lie 

M so? 

4. 
a.8 

4 

4 

<«    t>fco>p#»«te M 
00 

0. 

•10   Pfc»*p*«tt 61 
6; 

(«i 
M 

Mum  N 9.00 
8.50 

M 

< 

*4 

M) 

I  N 0.030 
0.030 

(0.> 

0.037 

(0. 

0.080 

-»4 

<• N n • 
^ 1 

' 1    4M)   6r«A 6.M0 

• 

4 4' 

oaiu« 63.1 
4* 

0 
• 



• »o « 65.     (coftt   1 

ClMrtcttristtc 
1% 

Solid Suspended Liquid 

•i,1 

: i« 

Irw 

*m 

»CB #<  Aroclor  '.?S4 

X» 

OOT 

14.6 
um 

(f.M) 

•>4 
6.24 

152 
(157) 

14.800 
9.970 

12.400 

27.5 
18.3 

(a.t) 
•0.010 
<0.010 

(co.oio; 

>>9/9 

2.120 
1.680 

«82 
4.80 

(4.81) 

0.'6 
0.44 
3.60) 

<0.2O 
<0.20 

'<0.20^ 

<0.40 
'0.40 

0.16 
0.17 

(0. 

0.052 
0.072 

(0.062 

«.25 
4.40 
4.n 

38  4 
a. 44 

• 4) 

0.65 
0.49 

'0.- 

<0.001 
X)l 
001) 

-o/l 

74 
147 

'0.005 
<o.oos 

• 
<0.081 
<0.005) 

0.32 
0.88 

<0.010 
<U.010 
^0.0101 

0.068 
0.34 

(0. 

<0.00l 
101 

<o.oon 

•i 
25 
41 

<0.20 
<0.?0 

<<0.20) 

<0.05 
<0.06 
<0.06) 

0.0' 

<0.10 
CO. 10 

(<0. 
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T*l« 65.     (cont'd) 

C*«r«ct«r <U«c •jMtf 
P*rt<Cul*t* 

.J»4 

NHa <0.M 
<0.W 

M) 

<o.os 
<0.0% 

.0%) 

l  1 <0.?0 
<0.M 

(<0.*0) 
- — * 

<0.0S 
0.« 
M) 

0.81 
0.84 

(0.83) 

<0.10 
<0.10 

('0.10' 

•Duplicate  twfctMpt" *""* <n«!jr;ed. at*n   |j    | ,;r»nt««i 
"^"»oOolo^y  *ot  ««t''*M«  for  this  *«Mpl» aitru. 
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MM 

Sfoir*» M-r   Type 

ll|      » »»rtK't   |tM   «'»Ir'Mtl«»   | »>»•—I   ••    t«'.*      •»«»»'      t»   »»4M 



Ill 

. 

^iNHry  of  Cfc«aic«1   0M*tCt«r1tttC« 

of T»»t  SoluUo** 



r 
in 

»ro» lt*4   \   .«ridiaj »4M   «|(tr   «t    1T,C 
SPO» I 

Tgrt>H«! it» 

»^rjTtd   CO«trol 

0 1 4? 

* 

I 8.4? 

II 8.44 

M « 

««•r|t*d      ontrol 

0 7.10 

M 1 

«a 7.91 

M '.f* 

• 8.01 

I'd  pMtt 

0 1 

« 8.31 

« 8.41 

8.40 

• 8.40 

wn      iJ^11!»^ 

10.4 

4.4 

I  4 

J.4 

1.1 

M 
3.3 

14.3 

11.8 

« 

*.8 

vo'-(H   '«1/1) 

<0 

<0 

<0 

<0 

•0 

<0 

4 

? 

<0 



in 

'«bit I.    (cant**) 

in«   • ta»   (f»> 0 
00 Tvrfcitfittt»* 

IV'or»             T7t#r »ol 4*   (•§/' 

iCuljtfl >»»«V* 

0 /.•? 9.1 810 41? 

* \44 8.S a*> «- 

»- * «.1 800 1.100 MS 

8.45 f.S 814 1.040 ««1 

• 1.41 8.« «0 

•»TU   ( iMtnc   *ur%i«tty UHU*). 



m 
'«bit ? BUflrtflltUl of trtt «Mi« prepared froa 

fro« Trmdjle ^' >j«rt '*» H4M «Uta •» . *C. 
b*furr   *nd       »our   «ft»r  bJtcfc   r«pl «c«Mt«t. 

>tt    SUa«t»0* 
UM 

00 
(•t/U 

Tw rt>i<JM   *i« ',wtp*n4»d 
«nd tfjpj  (h) Wir» u.,, voltds    • . 

Aerjtfftf  cor« 

0 •.41 10.1 0.' <0.S 

?4 8.4) 9.4 0.9 l.S <0.S 

48 ;.M ft»fl 0.9 0.8 <f 

12 1.4? 9.3 l.l 1.1 <0.S 

H 8.43 9.1 0.9 «) 

l»»««>r«t*<!  control 

0 8.18 8.8 <0 

?4 »3 ;.s « 

< 7.81 S.9 1 

n 8.1? 4.? ... <o.s 

• '4 S.n 1 

Solid pb«t» 

0 8.48 9.S ft.1» 

?4 8.4? 9.S *  - S.l « 

48 tM '.8 4.1 M s.s 

7? 8.17 8.? \4 ?.* 10.n 

• 8.11 >.* ?.4 ... 

(•*. 



4 '*!•  ?. COM   4) 

>%•   |tt4tfftt4jB 
tM nar  (N) * 

00 
(•17' 

•ttHitit»« 
•«for«                 lf'»f volt«*    * 

I Kuljt t   p*«%" 

8.4? Ul m 
?4 8.4« M • '10 m 
N /.>•> 8.8 •to no -,hr 

8.i; 9.2 §60 ;oo 4 

w 1.4« 9.1 ... 

««TU   (top* riowtnc furt»dU, 'Jnlt»). 

I 

JJ 
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*b»«  3.     nMTtfUrlHUl  of   t*tt   mü  *  prtp*r*d  fro» drtdf*  tpoH   t«dtaa«itt 
fro» tfott   Mttfton   1« Kord  «tttr  it   1?*C.     Tur*1di''*i  w»r*  \ »fr 
bffort  «nd   1   hour  «ft*r   DOtch  rtpl*ct«»«t. 

>\»    iK*4tlO« 
m 

00 
(•8/1) 

'.'t mtit** S«tp*«d*d 
«nd !«•  (h) l#^or» TftV toltdt   («i/1 ) 

A#r«t»d  control 

0 8.11 8.8 0.7 <0.i 

?4 8.34 8.8 0.8 0.8 <0.5 

m 8.» 8.8 \.: 1.0 <0 

n 8.46 8.? 1.0 0.8 <0.5 

• 8.41 8.5 1.2 <o.s 

lM**r«t*d   control 

0 8.?« 8.7 ... o.b 

M >.81 M ... m 
«- 7.81 5.? - <0.S 

r? -.n 5.5 80.5 

m so ... ... <0.5 

SO' »d  p*4lr 

0 8.08 8.0 ... 3.1 <0.S 

?4 8.» 8.7 3.0 2.2 <0.5 

«- 8.30 8.8 1.? 1.1 <0.5 

7? 8.18 8.0 0.8 0.8 !.0 

M 8.18 8.3 0.7 

«' 

< 



0 

1?4 

'jblt 3.      com'8) 

Tt*t   %'tu«t>on 00 Tyrtidit i»< 
*nd  t«a»   (h) {«4 (ag/1; ftV'ort Pt** M>1 "*%   («»/M 

»4rt iCul«t* pfc«l« 

0 a.n 1.« IM 

» 8 .14 9.0 144 183 

4« 8.M 8.9 144 IM m 
M a.44 9.? 1)4 12t it) 

96 8.)/ 9.4 13% 

Vp*e'o«»trK  TgrttdUy Jutt»). 



12*. 

«6le 4.     Ghtrtcttrtftttci  o*   lt**   atd<4  prtp^r«.     fro» drvtfaje  *po<!   ledtar 
*-0« Soa*rf   »Id   :%\»n<!   I«   Hard   Ntfr   4t   T'C.      Tur6idf'#\   «• 
tun b«*or»  «nd   I   Hour  jft»r  bjtch  rgpl «c*ortU. 

rol 

0 8.06 8.9 

i 8.38 9.1 

• 8.M 9.3 

n 8.4 9.3 

96 8.J 9.6 

'*t»d contro' 

0 8.N 1.8 

43 6.1 

* - S.O 

;.«4 4. 1 

• tM 6.1 

'.«> Id   V**\9 

0 8.03 6.1 

?4 8.?4 8.7 

< 8.31 8.8 

8.34 6.9 

• 8.36 9.4 

««d   •<«•   (h) pM mq/)) i>*W !?•,. so mq 

0.8 <0.-3 

0.8 1.8 <0.S 

1.4 1.0 <0.<> 

1./ <ß.*> 

<0.'- 

<0.S 

<f 

l'.O .0 

».0                     .0 l*.n 

13.0 1A.0 

6.6 8.' 

6.9 

"• 

x 



1 
'«61c 4.       cont'd) 

PM 
DC 

(•g/n 
'urbldlt1»»* 

M   itc pr»«ii« 

0 B.OS 7?b •1 
?4 8.36 9.0 Ml M HI 

48 8.31 9.2 ^v • 
8.39 9.3 «M s*o 

*- 8.3« -* 

nepHrloar' ."fcidity (jn - 



l«6t*  S.      ChartCt«                             Ml   «W«   prepared 
fro» !s1*nd S8   in herd ««ler  I'   17,C. 
j«*d  '.  hour «ftf tute* r*place«»nt. 

fro» drcooe *pO< !   S*4i«rn'* 
«•re   •               •••ore 

Test   |H—18» 
and  tia» 

0» rtndU ifS* M 
pH          (ag/1)          lefore •' »olid)   !«, 

Ar'jTeC   con'ro? 

8.19          9.2 0.2 i 

24 .*             9.6 <T 

4« •>9          9.1                    1.1 <L 

72 8.23          9.S                   2.» <r 

H 8.1»          9.S 

- )•<•<:    o«- 

0 8.19          8.9 

?« 7. 

• 4.9 

<i 

1 • <0.S 

i p*»j*# 

0 8.19          8.9 t.3 

»3                                  8.4 ;.o s.o 

4« 7.81           9.0                   3.9 3.1 <r 
1 

'? 8.19          9.3                  2.« 2.4 1.3 

% 8.              9.2 



r 
• s. (coo- 

jfvü t im m 
, 

ft      * 

•   p*»«se 

0 ?o 4« 

8.00 

* MO 404 M 

8.19 9.4 3?« n 
M 8 9.S 

•art 



"ifclc    6.       barKt«r   |1   C1    rf   'ei?   «od  «  propped  *ra« drodft  *poH   -,#d' 
•    •»    • ey Claud S'ougr   < n n*r^ Nttr «t   17*C.     Turt 
•«»e«   t)**ort   *nd   !   »lOyr   »fr.tr   t>«t r«   r*pJ«cofl» 

If*   MM*   (*) m 
00 

• «1 control 

9.2 

4 8. 

4« 8.26 9.1 

8.38 • 

H 8.40 9.1 

'jno*r«ted  control 

I 8.33 8.6 

24 8.17 • 

1- V 

8.12 «. 

• 8.12 

5   ;>h4S* 

1 8.42 8.9 

« 1,  -.„ 8.6 

4a 8.?i 9.0 

m i.3? 9.0 

m 8.40 9.1 

1.0 

•2.S 

26.0 

21.0 

>8.0 

(•1/1) IV HIT'. solids   '«»1/1) 

0.4 <0.S 

<0.S 

0.8 <0.S 

1.3 

<0.S 

<0.S 

<0.S 

<0.S 

S.8 

S6.5 • 
23.0 44- 

19.0 35.*> 



«01« 6.       cont'd) 

* 
• 

(•1/1) liTnVr. 
rtidit  es* 

Mlid«   ( 

?»r-              ••• -   a*«*« 

0 • 8.1 >% MM 

• *. ' 2.600 ?.SM 4.4/; 

4« 8.23 M 3.MO 3.470 S.W. 

'? 12 1.2 2.6/0 3.200 S.Wi 

w 17 l.l 2.420 

ric   'ufiJ'di    • s). 

LX 
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*M#      Mr«?»f it't» of teit «aii« f»r*i)4r*<j frn« <)r*6f» '.potl 

«•r» !**#« Swfort «nd I Hour «fter t><- I     jc*«»nt. 

I'ttMt'Ofl 
PH 

DO • • r     — 
jnd  It«  (*) fcforr IftfT sol 14«  (at/M 

Arr«»«ö  con* 

0 9.38 9.? O.S «O.S 

* 8.3i 9.4 2.S <0.S 

«• 9.n 9.) 0.8 0.8 <p 

8.11 9.? 1.8 1.3 fl 

M 9.1 3.8 <c.s 

•'*t«3  cn«fo' 

0 8.40 8.6 • <c 

1 8.10 6.6 <0 

*- B.Qt 6.) 

M ... 

• • *.) 

Seit« pti«%r 

0 • 8.« 11 % 

* *.?8 8.9 4" I 

• « 9.. • 30 • 
9.? U IS 8» 

1 • ..-• 8.9 • 



>i«   ;.    (com <) 

>s:   . It lOfl 

(»1 P" 
00 TurttdHi»** Sutt*«4M 

• B»for» ffttr »«'•1      «q/U 

C j'lt»   {*«* 

0 «.10 9.0 S.'.M 10.S* 

*.   « 4.   *> ?.S60 MH 
M ?.M0 6. MO ,*».*«§ 

• a.?s 9.1 4.S30 \4«) ?4.UJS 

'• •1.^4 ».4 S. — 

JV       Vp*»lo«»tric   r«r*«4Htj     - 

> 



in 

'«felt 8.      CfctrtfttrttttCI   i*   IfJtfl   «•*»«  pr«(,«rtd   ''» drotff»  %poi>   ie<H«rn! 
•-t» M'tOM   WM''    8O«»    H«r*Or    ||   *«r1   »tter   <t    [f*C. t *« 
#er»   '•*»*  b»'or«   «ntf   I   hour   j''»r   •>*•   h   rrp1 tc «*a»nt . 

r«t1   itUtfttfji no 
mtta - J* '•»/' 

«*  control 

0 • 8.8 

?4 . •<» 8.4 

»• 1 ».1 

'? • M 

.' «.'.l 8.? 

-\l*'t'*1            ' ro\ 

1 I.1J -.8 

>4 • M 

«' 4.» 

4.4 

• VI 

Solid  p»»*%r 

1 8.44 M 

« • LI 

*- '.83 8.8 

§. 8.2 

• i.M 8.J 

Tur»iditt«t* 
••for*"        "IT?,, «I   ^   '•}/!) 

0.? (0«> 

3.8                     M <0.S 

1.4                      1.1 <0.«> 

1.4 

1.4                     --- <0.S 

<o.s 

8J 

H          n t. 

'4 '18 

\mr*) 



'.ol« 8.     (co*»t  4) 

M 

m 
00 

(•i/n 
Tur»i4tt 

u>l«4*     «q/U 

• P**\9 

0 9.1 S.4ft )*0 

« '0 9.) 4.9V) S.-.10 U.7» 

*- 41 9.0 4.rso 90 I *. 1 3*» 

1.01 9.S ».•/o fjm ;j.?4o 

•4 *j 9.4 S.7SO 

IfXftrU   T«rfci<|»tx U*it») 



us 

T*ftle  8.     Ch«r«ctt*-'*U<»  of   ttSt  ottfi«  prepared   fro« 4r*<l9*  tpo'l   vcdiat^t i 
*rp« 8e<l  *">fj C<mtrc1«1   M«rbor   in  h4M  «84*   4*    !'*f.      Turtndi • i*-. 

t+9«  btfor»  «fid   1   hOMr   «fttr  D«t   *   r#pl< 

T»»t   tituttto» 
PM 

00 
(•8/M 

OldJtltJ* 
iff -r,                           f?« rr to1i*H    «t/M 

»r<-«t^   control 

0 8.43 8.S 1.1 M 

4 8.4* 8.S 0.8 n.« <o.s 

1- 8.10 e.o 0.» ..; 1 

'? 8.10 t.s 0.8 0.8 

• 8.41 8.0 0.» 40.S 

IW—rttd control 

o 8.4« 8.8 

1 8.'« M <o.s 

«- 8.01 S.S 48. S 

88 4.1 48.S 

M 83 4.4 ... <o.s 

SoHd «*«# 

C 8.   « 8.4 4.8 m 
?4 8.14 8.1 *.• 8.1 S8* 

t ,,fl >.7 8.8 11.1 48* 

7? 8.17 7.8 8.1 10.8 ?/) 

• l.?S '.1 8.8 

„.. 



1» 

* T*1t 9. (CWK'<) 

r«ti Mtjifo« 00 TwrfcHitie»* SoSi^n.kNl 
««*d t »•» (*) PH (•9/1) fcfore «fttr sol «4«  («f/M 

P«r' icu'Jt e c*i«%* 
M 8.4 ?0.*40 ss. 

0 
«.07 f.? 13.?*') ??.SÄ) S/.JSO 

'4 
;.ti <   4 ??,V60 ?3.S60 63.>4% 

» 
8.0? 9.3 ?0.Mi ?;.68o 87.81S 

i.n M H).1?0 
H 

t 

(N*ph«ioa»trH  Urtan, Units) 
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'*t>le  10. ChtraCtOrttttCI   Of   t«t1    «*d'4   (r#p*r*<J   fro«  dredO*   S*>0    I    t*d'fle«tt 
fro« St.   P««i   B«r^t   Ttmnn«!    If  H«rd ««ter   «t   W'C.      \»rfcidi' 
•e-t  t«k»n  t*forr  «nd   |   hogr  «fttr  batch   r#pl«c««mt. 

j«d Mat  (h) PM 

*rr*t*d   control 

0 8.03 

.« Mi 

1 8.SO 

'? 8.S9 

46 i.Sl 

ijn*erjt*d   con'rol 

0 \>5 

« Ml 

• • 
/? /.tj 

n 8.11 

So' id ptuie 

Ml 
?4 8.4% 

48 8.38 

m 8.3S 

H 8.34 

°0 TwrfridUit*' 
(•oVU fcforT "T?T»r 

Sll 

1.1 

1.4 

1.7 

1.; 

1.3 

Sutiwnded 
toltdi  («9/1) 

<0.S 

<o.s 

.* 

<o.s 

<0.» 

••t 

'0.S 

• • 

434 2W. 

118 143 

WS 

10' 

... 



1 

•*M«  10.     (cont'd) 

Test   situation 
PM 

00 rfcidities* 
lft*f so'ids   («f/1) 

P*rticuljti ph4tc 

0 7.94 8.9 7.780 P.40n 

?4 '? 8.1 S.380 «».160 16.900 

* 8.31 9.2 S.2ti 9.060 16.880 

7? 8.40 9.4 8.3*0 9,440 IM.SOO 

• 8.34 9.3 0.390 — 

'V-     (H«p»»«lo»*f-ic   Turt)idity  URitl). 

d 



1 
IM 

1«   II 

try   of  CH»»le«1    >irKt»rij(ics   o*   Of'«n*<ti 

Test  Solutions 



i >le    1-     CHerecternuc* of  de! i«ut <»e test «eda prepared from 
»PO'1   tediatnt*  fro« Trued«U S1ou«jh   1f> Mrd *lter f|   t>* 
"virtoid'*'es  *»»"f   t«*en  be'or*  «nd   1   hour  «f»»r  D«' • 
replace**"' 

-rl*l   C&JtpOM'.'On 

«rid   t im   (*) P* 
00 

(•9/M 

.   • 
0 0.11 M 

>4 «   4 9.3 

* 8.28 9.2 

0.J0 9.9 

" 0.23 • 

"TTtVr        iol'-ls      ••, 

«70 S04 

SM M 

3/0 •0 

l 

- «Or 

0 0.09 8.9 

• |   4* «.3 

1 8.32 9.4 

8.41 10.0 

% 8.23 9.« 

Aver««* 

1 

0 3.08 9.0 

• 8.44 9.3 

m 8.13 9.2 

n 8.4« 10.0 

" 0.?? 9.9 

*ve'-«9e 

• 

<4 

.4, 

20S 

400 4. 

310 

3S0 

300 m 
no m 
no 

(•rt) 
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'•t»»t     1.    Ictwt «) 

*«tr- 4    coap OV for 
* 

00 
(•9 

idun»1 
Suip*rtd*4 

*nd Mfli »•for» ".„ «>1   <Js    «Q/1 ) 

Mt 

0 8.09 36C 

H 2.4? m ?30 

4« 8. •>« 195 190 

8.49 m 
96 8.23 

'»e^g* HI 

?5l 

0 8.07 8.9 K 

8.41 9.3 * «u 

m 34 9.1 IK 105 80 

7? 8.34 4.8 12S no 58 

*' 8.?4 9.8 

0 8.00 M 3.? <L 

?« 8.34 9.3 6.3 4.3 <0 

<• 8.?8 9.0 CO 

7? 8.43 9.9 3.8 

9« 8.?3 9.9 

•*• Inmtryt   Turbidity  U* 



4 

-  of  dt «d'4  pr«p«r«<!  fro«. 

• <*>  Mr« Uk«r  before jnc      »u. 
• 

i     ^       or 
«rid IMI    • 1* 

00 
(•4 &•• 

•   e-' t. .r      ---*--• 

0 r»5 6.8 >00 4 

.94 ».0 ?0C 

8.8 13.2*0 I 

».etv 

98 9.S 

«I 

I 

9.0 W W 

«8 8.8 19.090 S4. 

<W 4.8 .8*0 

48 • 9.% 

*9* 

?« • 4.1 

4 <* 13.JO0 

94 4.6 

98 | 

•9* 

. 

M 

400 ». 

I8.0ÜC • 

4      >*> 



T*U I. COf»f    4) 

•nd '  <v m 0» n 
Sutpondod 

so»   U    *o./1) 

1 

1 n 0.8 11.008 ft, 440 

« a. 07 8.1 8.SO0 l'.oto 

4« 8.03 8.8 8.00« • ?8.«0 

8.0? 8.8 10.201 76.001 

1 <H 8.S 

»**r«9P 24.10% 

1 • 8.' ... S.*» 10.180 

H S 8.2 4   '00 4.MX) 4 

» S.14 8.1 8.200 11.M0 

8.18 8.8 '00 12.100 

• 8.01 10.0 

»v* «••<!* 10.4 

Control  Of 

0 • 8.0 ... 0.8 <o.s 

•« 8.17 8.1 2.4 l.S <0.* 

48 8.10 8.7 3.2 7.2 «o.s 

8.3* 8.8 S.2 1 
«8 8.13 8.8 

TurOKl'y     >«   "I 
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Ch«r«ct«nit 1C1   Of   *lit'|ti«(  t»V   «Mllft   t>r*p«r»d   frtM Orolfi 
spo1?   sod'wnti   'nja St.   p«jl   Bar«*   '«mini1   |«  h«M Ntfr   «t 

.   Turt)idHi#*  **r» t«k»n bofor»  «id  I   hour  #ft#r       I   • 
nop! «€#•»«' 

»*6 • \m (ft) m 
00 

•1/1) 
TuroHitt«** 

do/or»               If' pr «>1»«i   '•»/!) 

100« 

0 ».12 9.2 14.000 30.100 

* i.?s 9.3 12.400 12.008 24.800 

48 8.24 9.2 :i.8on 2S.38* 

1 8.40 9.2 »   '00 12.080 140 

" 8.0? « '.3.SO0 

»»*'»* 

48 

1 

9* 

0 

».».*• 

8.23 4.4 10.001» p.;*o 

8.26 9.2 9.400 9.08ft 16. 3*1 

8.22 4.4 a.40© 9.200 18.400 

8.31 9.? 8.  00 10.000 21.280 

8.00 8.2 10.400 

18.43% 

8.22 9.4 10.000 22.420 

8.« 9.4 lo.onn 10.000 18.440 

8.2; 9.4 8.800 8.000 18.180 

8.31 9.3 7.000 4.800 

7.17 8.1 s.son 

17.460 

(•or,) 

i - 



« 

'«Dl«        3.      (COfttO 

«nd  |M|  (h) P" 
00 furtidi' 41* tfpr 

Sutpr'xtod 
sol 14%   («|/1) 

SOI 

0 i.?? 8.S 8.X» 18. IM 

24 V2S •.4 '.100 Kwm • 

48 8.?? 9.4 \*00 4.700 1?0 

7? 8.37 9.2 4.->00 S.Mi 10.240 

•» 7.M 8.) 4.?O0 

*v*r-«9e IMM 
Control   Of 

0 8.78 9.? ... .'.4 M 

24 a.M 9.2 3.2 2.4 <o.s 

48 8.>4 9.3 kl 1.6 «o.s 

M 8.43 9.3 3.« /.\ «.s 

9« '.98 9.0 2.9 ... ... 

lowtru  'jrt»'ditr omt»). 




