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Thi.l volw:.ab ;n-eeecl.~in;artial fultil.l31nto!t.he ,.._ 
.:;uil·a::tnt!oreeoll&etiano!oea""rthyoc:eanccra.;hic netllodl , 
\lhieh,... >'Oiced etthe enntt1!'entic 3eience(;congNn. To 
dete oc:e&:~opo&phic .:ethoda II~VG be«\ bo.triod in poraon&l h&ndbooka , 
&::dcWainatn:ctionoillt:teaeveraloc:N:Icgaphicinatitutiona, 
andar<~not re&dil;:••nil.ebletctheoc:NliOgr&}lhJ.c"orld. . '!'Mae 
~:~et.ho.!ah&nbeencar,>llodtr...theaci«:~ti!icllteret"'",..:dUiod 

b,)re:r;porhnceintMaGroupL'l<it.heOceanos•"&phicall4bontoriu 
o!theUn1verait7o! ;&lil1nl;ton~auittheaea-goi:\ioc:u.nosra,her . 

llodoubtU>Or<OUeothercccept,&ble~he><L.fort.lletnte 

diocuaeod , and~:W~;rteat&h&vtbe~<:e:t~IHtod , ehopotoicprovt 
t.hi•in•ubaequentediti<m!l . 

TheaeMthode1lertW:::oeogrepllod!orthetiratcl.aas1nOceano­
a:rapl!icChllllistcyu:>:lerthelnet1tutec!Oceanogra:>h3'•tthe 
Vniverait7ofBrithhColur.obie (I.O.U.B.C.) , 

Jo!lnP.Tull3' 
Ocunogre;>hlr in ChLI"&• 
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Dinot.or , C,c~osr&?hicl.&boratories ,Unive:rsit,rot 

'u!:.~n, eatue,wa,.hington 

2 . :tobinaon, l""'J ,, 
CheistryPrchnor, UniversityotWuhington, 
Seattb , ii'..~>hin&f;on . 

) , Bamu, Cllt!ord,t. 
OcttanesraJ>hTPro!assor, Uninrsityo!Wa..o:ungton 

4, Hol..l.Utor , HanryJ . 
Senior":'echo'licia.'l,.'aci!icOce&nosraphicGroup, 
llannimo,B.C. , Canada 

5. lialdte , aobertJ . 
AssUtant Octtaneg....,~ar, Pacific Oce.anogr&:>hlo Group 

6 . Fjarlla,>tobinl.I. 
l.nbtantOceanogra:>her , r'ae1t1cOce.anographieCroup 

7. Doe, l .A.Z..rlston 
AsobtantOceanosrajlher, P"citicOc:eanogra,hic Croup 

S, TullJ', JohnP , 
Oc:e.anogra:>heri...'lCh&rge, PaciticOcttanegraphicCrou;:o 

9 . Cartar, J;ealll . 
Director,<'hhariea~rit:antalStation,VancOIA'er 



Prelll:11moeylnot:"Uet1ona1noceenograph1c 
ebe..htey 

IbtOll'tlillllticnofhydrcgcatonconoontntioll 

Color1mtr1cacalyaca 
Gcu>oralprocodur<l 
DotorainaU on of o111cttoo tnoC>&wator 
llot~ntl,._tioa of pbcoplletOI ill 101111t 0r 
DoU.m.ll!l t1onofn1tntoo1nooowuor 
DoU.m1ut1onotn1tr1too1noonat cr 

1bl.our<:acntotto:.pgrat\l%'ol 
Protoot cdd<>ep•o•ro?Orlln&: thormom::tcr 
Tloblco tortblltCMOP"rltW'Odif!crGII<!O 
""rroctlononpr ctoctcdrcTardns t hor­
..:aot or 
'l'bo buth:rtlwmogreph 

t ">3truct1onator""rt,.,..t..,rol,.tcel 
oburnUoM 



Prel.hin!ryl!l.!tr=Uona in 
Oeeanoe;rapue Chemistry (8) 

Oceanogra)ilic aMturSMt.. or the ~perU .. or le& .. tar are g.n­
er&ll¥concemedwithama.lld11'tereneeainl&rgam.ben,whlchl.apllu 
aldghdegrecotpreet.ionint.heuaplln&&nd.the an.alJ11ea. The-aeure­
llllllhareg .. erall;r...te~cl!emical-thoda beeauuthueareaorepre­
ciaethantheph)r:licalllotl!oda,&nd.moreadapt&bletotheprJ...itivelab-­
ora.tory<X>nditio"'onboar<laaldpatasa, 

Calculations of ocean curronh &ra cogniunt ot d11'hrenesa of 
aalinityot tha order of 0 .01 to0,05 "/••, which l.apllos that tM 
accureqof...,..tina~umuotbowithlnO.):C(l:)O(XI) . llb:l.ertba 
condition• otworkat'ea thU prachionhonl.yobt.al.nU>loitthobeat 
techniques&re«oplc)'11d., 

Itt. u.oual tocamp&r~~ocoanographicdata t'r-a.a.llpart.a orthaworld, 
&ndoverlonf: pericdaottt.etodotenaineditteroncu in repone oftha 
aea,&ndtrord.s&nd.c:yclos'odtlttheaeuons&ndt"-,..art~ · Theretora tlta 
analroeaiiWitbabuedonabeolute, ratherthanrelativestN!d.udt. ill 
thetabl•, &nd.fo,..uleeotocean"l!:r&Ph,J&re..,pirical, baaed. on carot\11. 
ae.uur • .-.ta in ten~~~ of absolute standards . Therefore tlw voi,gltt bub 
cranal.ysnlllllltberotcrredtoabaolutest.andal-:la, ratlterUI&tlthera­
lativest.Md.ardlcu.ot.omaril;y•pl.oy'od.inanalyt.icelprocad.uro. 

For ~lo,thochlorlnityotasamplocouldbedator.inedonazq 

ctherbuiethanabeolutograma, onlyiJan..,.miricalrolD.tionbotwcon 
chloi'Ddty&nd.chlorinitybasedont.lul newunitweNdeviaed . 

Jtfol.lowlo th&t it 11 aproroquiaiteorocsanogra.phic ch-.iatrythat 
allapp&ratUIIbacfgcodq.a.lity&nd.bettardar<lhod., thatthtl .. t-upbo 
I"JU"d. , and adapt-.;1 to making a large ll\llllbor or dotendnati- with tho 
m1nilmoettort,tltalll1nil:l\aquantityorutor1ab, al)dwithcuthMt . 

Thefollowin&instructiooaarelld..ni-prGparationrorcpc~ratlonal. 

oceanouaphic cba.iatry, 

~ 

All apparatus .,..t bo ch-tcally clean. Thh J..mpllu that when the 
apparatua huc;lried. droplet. of (dUtill.O!d) waterwill!IO'tadltereto 
t lwglaeaeurtace , Th<lythOIIldeproadcvorthe t\ll"fecoil'launi.to,..tila. 

(Mc~~.:;:f'~~ =~~a:!":t~~· ~o~'!~~~~~r. 
ThU applln to l:o.u-ettes, •uuring flulta , titration• flask& , ate . 

To •t.cra a cl_, burette till with .... ttor, Wort a tight titting 
cork i1l the upper end., &nd. pwoh it il'lutho stopcock iJ1 open-.;1 . Lq it 
on ita side. 



PipettH 1111¥ be ~loaned by rinsing with !f.at ~ Alcohol cloaning 
lolut1on, follov.d by two rtn.u with O.lH HCl, 1/11:1 reputld rln.aat with 
r r .,.h, t"-n lil.ttlllld wtter. "'*" ttori.ng fit a thort. p1ace of Nbber 
tubi.ngovertlleupper eM, f1llthep1pettewith.U..tlll.ld-ter, cloaa 
t ile tubi.nC with 1 pinchcock, am h¥ on ite aide. 

su.-terdiuolv.a greue, thtorefol'Odonotlllbricatettopcocka 
wb1J:h are11tu.ahdlbovte dlln...,gtonot~;~peratu., e.g. do not lub­
ricate IJ!e stopcock of • n tut01111ti~ pipette, 

Bellcereu.todfordl.ttolrlna;stand.f.r,D.,..tbech-.1ctl.lJ'c.lean,and 
pNvidodvith eqll&l.l;tclell\ etirrin&rodaand.coverglutea. !betech~ 

niQueoftr antterrin.Sstatl<l&rd:ltol'ICIIW"l.ngfl.ukailout.llnedln 
a:1al;ttical. '*-istry texto, an:! muat be rlgidl:T toll.oved. 

~ 

Stand.ard.,.i&hts arethe basiaofallanalJ'eit. Thtprocoduretor 
standard.hing a sot or ... 1811ts is outlined in the anal.7tical. ~t-iatry 
texts . In.dditicn thoSO, 20,l0, ~. andlgruo.>fli&hte aretobec<a­
partodtolnternaticnaltten:!ard.JI , 

Standard aeratus 

Thevol.- of atuurln,gflasks,and tlledellvuyotburlttes-t 
bettandard.1udby.,.1Qltwitll t t.and&rd.,.lghts. 

InttruoUcnt 

1. .l.ate.bll a 25 al, Squibb tTl" autoutic Wrottl u lllu.tratld. 
Fin polhh all &l&n ends , Clean the appan~tu. and atore u tn~ 

ttruct-.:1 , 

J , Stllldat•dhe•setofvti&hts,lntenuoflnternatlantlatand.ard.a. 

4. 5ten:!ard.luothe25al .. OOrettleYil'7tWOIIl..tx:aOto3:>al. 
Rate or delivery thoul.d be 9S! 10 ucoMs for 25-.J.. If 

nte"aU7ecl.ju:Jttotllhlimitbyfirer<tduc1ngthlwtlet, and 
t1l.in& thl ..n nat. 

Ifth• e.rrorottheburette~•ed•0.02al. tt.and&rd.heevery 

lal. Itt.htotlT<II'uceedaO.OSal. rejactthebw'ett•. 

5, Standardise the 250 al, voluutric nuka, withltl 0 .05 Ill. 'nlil 
v:l.llr~aca!lliUI'IitJ·fl"tcrttoatmiSard.1~•tllltr1pbll.anen 

t.othltprect.ion. 

6. J>r.parltwoat.trdard aolut!ontofsodlumchl.ori.da. 
Dry •bout 25 ,....., of •ntl;ttlcal 1....:!• r"UgWI~, on vhlch t.hto 

lot~ .. laknovn, atllO•C,coolln•detdcttorati>Craal 
prufura. J.CCUl"ft.l;t wa1gh (; 0.2 m,p. ) 1 to 8 ar-, .U..tolve 
tndletlll.ed.,..ter and!MiceupteeUl"ltel;ttoabout25011l.l!> 
dietil.l..s.,..ter. 

St.oN> in 1 &:Lass bcttlo with • VIXIId ~ork atopper. 



_, _ 

?. f'nopue et.&ndard aolutian o! tllver nitrate , 
Di ... oln97!;r&mSo! pure dbernitratt inhollt.n ot 

d bt.ill.:l water. St.ore in a brown &Uu bottle , 
SUnrclll.oridellhen!reshlJ..-.cipitatedintbaeldnh 

eolubleinlO :( ecdi~athiosulpl'l&tteolution, '· 

8 . f'Nopoanetolut.ior>ofpot &u l --. cru-c...ta1nd.ic&t0l' . 

wat~~':!: ~ ~~ ~~; ~~o~;J~~~t!~~~=~ 
ob,..I"Ye&Nidprecipitateo!Aa;:zCrQ4• ahakeorat1rthoro\.1Ehl7, 
andallowtouttle. l"ilttrthrO\llh&finetuter (Wbataan 
mal>tr42). Store1nabottlerlthane)"11droppert1tt.ed 
t.hr'o\o,gh&waxedcorl< , 

9, f'Nop&l'll& et.&nd.ard solutlm of todila tlli.o.W.pl\l.t.e . 
D1uoln6&r..,..o!tlwtechnicaltalt{lla~20).SH20) in 

ho llttn in treah (t.ap) water, Add thrH dropa carbon. <li­
aulpnideQJII"U...,..tin , StorelnS}.uebottle>dthrubbt'r 

''-"'· 



n..Det.el"'li.N.t1Q'Jo!t.he 
Chlori.nityorSnWater 

{1,2,),6,?,8) 

The chlorinity U derintd u the m"'ber ot u- ot hU!d" cal­
clll.at«<uchlorideain ald.locra~~. of aoa >~ater . lttd~el"'inationb 

ortund-.taliapcrtancein all. brenehnoroceanogra~, bec:ause1t 

U tM11011t convenient method tor tile expreealonoftheconcentrat1on 
otaaempleof sH water, .l.llthephysicalpropertiesotsea >~ater 

areatuncti onotthetemper&ture, pr&UUMI,andcor.:entrationoftM 
d1uolved subet&ncn; thus , itthete10perat UM1and preeeUNOareconatant 
L'XI tho c oncentrstionvnriu, the changoinphydca.l.propertieswlllbe 
srunctiQ'JofthGconcentr nt1onuoxpl'ossodbythechlorln1ty. 

The cone.,trationofaeaW&tel"U o!'ten expressed a& the1alinity 
>lhlchUcalculatedfromthechlol"i."lity,Thesal.initys~odJ.tre­

pr-ee..,ts the total. salts contained 1..., akilograt> ot seawater bllt h 
purelyanarbitr.o.ryv.'l.).ue, 

Thea.o:tualdetcnoinationort.hetota.l.IIIIOW"Ito!diaol'l'ed-terl.al 
U one otext"""e ant.l.yt1cal-1.11'ticulty, Should a «<nn veto.- Ol" 
-..eigt>totn•,.tcrbe evapcl":.tedwiththoideaotweighingthel"etidue, 
itwoul.dbefoundt.hat lllll!".yc:te::Ucalreactlon.>tillt.akeplace ,tuch 
uthedoeaapoaittonofbio&rhonatcsrlththeloasorcarbondioddo, 
the h¥drot,..h of ouch aalt.o •~ lt&gn<lfil.ll chloride .nd brca.ide, tile 
pcnible voUtiU"tion or silicon tetratluoride, the hydrol.yBb ot 
oWcatea >~ith thercsultir.gdohydratJ.onorsillcicacld,tMchaJ!&e or 

pr i.maryandncond&ryphoorlllltcs tel'1otaandpyrophoapt.._tea, reapoct­
ivelJ', t he voUtillz.1.tion ot borlc o.cid, tho lou or -ma, etc. At 
the bo&J.nnin& or th<l proaent centucy, the ocoan<>&raphic c'-itte had en 
appreciation o! t hb ditticulty, as did llob<>rt Boyle t110and ono-hal! 
conturioa ago . . ~bout 1900 en nl"bit!'aey tc,.,. "salinity"~ edopt.(ld te 
cxpronthotota.l. - 1ghtin g,..,.,.,.o·1t.ainodb7theOvapcra tlonofak1lo­
e:raa o! ••• vat<lr ert~r all thQ carbonates hnvo bMn conYert.od to Old.dc s , 
the brolllldon nnd 1<::di<los repla<:Gd by ehloridos, t~.o orsanic -tter 
cO<:IPlctelJ' w.dizod, ani tl-.o mas~ ignited at a tr:pc!'ature or 48Q•C. 

\.__Wltllcon.tant""ig.>ot h&sb<.ono!>ta.l.nc:l . 

Theaallnitywastound.tobeatunctianotth<lchlorinity""P'""-'S­
iblobT 

S • O.OJO•l.S05Cl"/ .. 

where~ b tho u.J.in1tr and f1 b tho chlorinity, Man¥ oc....,opoaphcra 
atlllusot/Mi teno•sallrlty";butfordoacrib.ingthoconcontrationor 
t.howttorsofthooastor:\Pncitic,thotoru"chlor1.n1t,.-1egcJWrall,y 
used . 'i'IIO..,UIOdsrcritadlltcm.ination,bothotmarkcdaccwaey, lii&J' 
be ..wploy...d; n=l)-, t!o~ i.ok~ rod t:.~ 'o'o1hnrd IIWth<:>e:! . Ttl<. errora or 
thedetol"'llliM.tionotthe foi"Qirno&ybolllllitcdteonepe.rtinathouaard 
and, tTJ~torwui.ghttitration, theVolhl.rdallthodiiiQ"beperfonoed 

t oanaecuracyofonepo.rtint-cnthoualllld, D&Id.J!6 1tonoorthe -t 
aecliJ'ateorall dotonainatJ.on.aknawnitlanal,ftice.lchc:ais try. Forthe 



crdin&ryrout inapn>eedura , theMcttr ... thcdi.o univars&llJru~ed . Ih 
a <;:cUI"II <::yb auit.abh torallpre<::tica.lpurpcus and the time requir ed 
h considerabl,yleu thAn that o!tho Vclhardprcced\irft . 

Stan:larde tcrailver nitrateeclution• 

In order toM~ &Uthe chlorinity or sillnitydete....Un&tioncca­
po.r &bla , thelntern&tionalCouncH!orthooEqllora tionoftheS&a. 
&greedupon&universal st.and&rd . Thl..!univen.U ! t an<ludi.& r. t uhe cf 
aea .... t e r hartnsachlorinityapprc>Jd.altingl9. 3S•/ • • obtainableattha 
HJ'drographicLaboratcries in Cope."thagen . The l<a tcriscoll.ac t edfro­
the sea fer this parti~lar purJ>Ose , ardatter prellloinarJ etandatdiu­
tionhpuaedintothacle&n, dl"l'tU'ooscfspecialgl.&stwtdct> a re 
thcmvoryca retull.y eealedsc u tc avoid&rQ"pcuiblalcn by onp::>r a · 
t icaof1<ater . Thechlcrinit yo!the atandardi.od etci'Illinedbythe 
Volhardmethcd and senerall.y ovary twentieth tube or soU opened at 
t hel!ydrographieLaboratorics inCopenhagenardtlulult :IJutochlorinity 
det<lndned . lihDll all""r nitrate is to be atand&rdi~ed , t he t op of the 
t ubeiebrckcnandaamplc•oftho•tand.ardwaterpipetted . Itie b&d 
p-actice toall.owthcse tubes to standaftcroncooponb<lcauaecfposs-
1bbchangndUDtcCTaporation. Thisstandard aeavater shouldonl:y 
beusedfortheetandardiu.tionofailvernitrate aclutionaardunder 
nocir<:UIIIIItanc""shouldltbeutilll'.ed ua et.ar.d.&rdtcr&liJ'Cther 
ch<lllica.lprccedure orphJrrlcalmeu ur-nt , u s"""'timasinthe pr<~pars­
tionc!Uie st.and&rdwettr5....Uqu&ntitiH c!p::>ta..•n iumchlcrideare 
addedincrder tobringitt.otherequired ehlcrinity. 

During\\'or ldl/ar l , itb..:ame l..mpossiblr.to aecure t hi• atan:iud 
wate r becauseof t heeub:!arinebl cck&de. I t waethuspropoaedby 
eeve r &lEuropeaninveetiy.t crs t cu• epure sodiumehlcride uast &ndard , 
and the WI& o! such sta..~dard was !:Wie thft subj..:t of special stud.,y by 
Thcmpson(.b . ChfD. . See . 50, 6Sl , 192!) . Sod.i,.chloridehusadin 
preferencetcpctauiumchlcridebec&uaethe &t<llicweishto!eodi~a 

h lmown 20re aecuratel,r thM U .&t of p::>tassi1111. 

Byuaa c!theatan<ia.rdo!the Hydrosr•plrlcl.&bor&tcriss , thetiter 
tablC8int.heHydrograP!1Wtr.blea o!ICnudaen &re e,.entialinorder 
th&t the resultabereportcd ..,gn.t:~.~~o! halideperldlcsraaofwater . 

lt hobvi<J ... t hatr.kilegr.,.bu hrat l>orthanthatofvol'"""h 
necu .. rybecauee cr i te independence of tempe.rat urech""'"• · The 
markedvari.at lon in Uietoroperaturcsotthowaterandofthe t •por aturoa 
of the v&riOIU> laboratorice throughout tho 1<orld , in which thedetel"­
lllinatiO!lllwouldbcpcr!onood,wouldlcadtollalChconfusicnwhencca­
po.risc!U'IO!Nault a,.,T<!tobe11111dccn a vo1UDOibl.&b . 

IC aod.ilD chloride ietoeerveaa &etandard, thcchlorinitypcr 
liter at thaslventemporr.tun~=etbefirstdotom.inod , t.ndtra:o.thcee 

r oaulte t hechlorinitype.rk1loc&lculated . Th!.sie dcnobysul>ltitution 
intheempirico.lfo=ula: 

CJ.., - 0 .008 • 0 . 99900 Clv · O. OOU2SC1,/ 



_, _ 

whe1"'11 CJ.v U the chlorinity per kilograzo of Wl.ter am Cl,. the chlcrWty 
per liter at 20°C. In order to elWnate the o;:aleul&tione , th !oll.ow-
1n&t.ables1Yese•anstoreonversiono!chlor1n1typerllterto 
chlorln11.yf»rkUo, llhenthe te&W&hrtaple11atornearU.. t.-per­
etw-eoCtho stanlardeilV11rl'l1trate . Thet.&bh...,t.interpol.at«<. 
sr-ph.1c&l..l.7uoutllnedinthel"''Oferen<:eo 

Conversiono!gramschlorideperlltert.o 
chlor1nit7{gr ... chlorideperldlosramo!au..,..ter) 

Clllorinit:r 
per liter r~~·~~·:t;:~·~~r~·<~~ ~::r,. .. ~."'"" 

' : 
' 10 

ll 
u 
l) 
lA 
1S 

16 
17 

"' 19 

" 

-2.5"C ,., •2.S"C •5"C 
Chlorlnityperkllogr .. (Cl0 /oo) 

o.m 1.000 1.000 1,01)1 
1.996 1.997 1.996 1.999 ,.,., 2.991 ' ·m '·"' ) . 981 '·"' J ,?aS '·"' 4.9"/0 4.972 4.9'/5 4.978 

5.956 5 -9~ 5.962 5-965 
6.9)9 6. 91.2 '·"" 6 . 950 
7-919 '·"' 7-9211 7. '))2 
8.897 8 . 902 8.907 8. 912 
9.87) 9.878 9 .88) ..... 

10 .... 10.851 10,857 10.864 
11.816 11.822 ll • ., 11.837 
12.?64 12. 791 12. 798 "·"" 13.750 1). ?56 lJ. ?65 l). 774 
14. 71J 14.?20 U -729 U.."ll' 

1.5. 67) 15. 681 15,690 15.?01 
16.6)1 16.6)9 16.6SQ 16.661 
17. 587 17. 595 17.606 17.6lB 
lB. 540 lB. 549 lB.~1 lB. 57) 
19.490 19. 500 19. 51J 19. 526 

N.M. cvtt~r &ldJ .P.!'UllT, Jounwo.J.ducon ... u 
Internatlonlllpourl' Expl.or•Uondel.-.Mu 
Vol. W , No. l,pp. 36-39, 1939. 

1 .00> 
,.000 

'·"' '·"" 4.961 

5-969 
6 . 955 
? . 938 
8.918 

'·"' 10 • .., 
11. 845 
12. 815 
lJ.m 
1.4.748 

15.7U 
16.672 
17.6)0 
1..., .. 
19-539 
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£h!laj_s_t__r;to!ttl•""'thod 

Silver chloride haa & solubility thlr.t h coruoi<lera~ l"' Uun 
that of silver ehzoaaate, to that tilver ehlorideprecipit.&tu when 
BilTer nitrate 11 added. to & solution e<:mt&ining both chloride &nd 

~=~:a 1~; ~:• r~;~ :~_.::"~o~~=~• fi)~ri;:~~~~l::~t!, ~ ::te 
whil.esilvercl'lror:~~~toilrcd. ThiUitho£1r•t•p~anctCI!t.hero<1 

color,whl.chinrca.lityap .. earaor&.tlgcductot.he ~ll<nlcolor imp&rtocl 

tott.esclutlonb)rthe•clublc chrom.hions fraot.h<:;ot.asdu::tcltrallatc, 
indi<>atce t~.&t all of -.he chlorides have be<ln pr~cipitatod . 

2A,g'+Cr04· ~~rOI. 

~.g•.n-~4'Cl 

Suf!icientchr<ll'l!lteionsmuat'-"'r~"<>•ontinthesolutiontoi.nsUNip~­

cipitationo!silverehromo.too (2) 

nwJACthod itonly&;llllicabla botwocnp!4-5 o.:x:l9.0andh1110st 

~::.,"~o~:ut~~~!~ t~t~~s)'~o,.:nco o! • high conccatraticn or 

H' •Cr04-~HCrC4' 

21Cr04-~cr2o7• • H2o 

tttt tilv01r acid ct.roc.ate 1~ not p;.·ccipitated. ln othor word:J, the hydro­
gonlonreducos t hoconcentr.ttonofthcehromr.to10llllt.oauehanex­
tent that tho solubilit y product of ailv~r elm::.ate 1a not aeeeded. 

Ontheotherhand,i!thohy'drog<>nioneoneentrationialow(pll 
greater tlw! 9 ,C) , diffieu.lt:r 1a cxp<>rienced 11'it h tho end point becau:.o 
ofthe!.ID.rlcad.t<>.'ld.ency ofthoailver1ons topree1p1t.&.teaanilver 
hydroxide, ratherth(l:\Mailvcrcllloridoorchr<:m~~te , 

TheSolubiUtypr<>d.uct 

4 allght l.y aolubln aubstaneo a~:apondeclin wator ut.abllahca equill­
tTiiiO!betlroenthoaolldphauar>:lt.hoiiOl'tion:Lnaolution. Sl..nc:otho 
eoncW~tratio.'lo!thodissolvod;><>rtionhcrtro:nolym:.all, for..U 
practieal p.ll'l)Oaea it ~:~ayboconlillorocitob<>cOI\PletGlytoniaod , 

(l) 



_, _ 

wl\"""thebr&eketadenotetheconcentrationo!Aan:IB&asrami.on.sper 
llte:raMJ.Baagram-.oleculeo per liter, K ia the ioniu.ticn cOTIIIt..lmt . 
U the eolutionie in equilibrllll!lwiththe scUd pha3e , the coneentra­
tionofundhsrx:iatedABIIIOle<:ulu insoluUon ila con.stMt !or a 
given tempuat ure . Thua the cqWLtion (2) becomu 

wher. §.l! iatheiOClubilityprod.uct . 'l'huatheaolubllit:ypr'Od.uctprln­
cipla~J4¥baatateod : Inaa.turatedsolutiono!aallgh.t.l.,yaoluble 
aub!otaru:e ! ora&ivente=p.erature,Uuoproc\ucto!theionconcllntrations , 
tlt• concentrationo!eachapecieabeingra.iaedtcapoverequaltothe 
nUIIIberc!icn~~o! thl.tspecies!Cl"IOI!dbythediaaociationo!one 

moleculeoltheeubetance, iaequaltothecQJUitant. Pn.ctic..U,it 
-.y be uaad to determine , it a pr<!Cipit&to will tor!ll or diuolve when 
lonaaremixedtogether , 

I! the icl'lic product (A•)m (s-)n beccmoa gru.ter than Sp, pre­
cipit.l.tionruulb; if leu, theauapended~~~o~~.t<~rial goea intoeolution . 

PNcedure 

AccUN.telypipettalOm.l , c!auwateru!llp4int.<>al25al . erlen­
J~,Yer (conical) tluk, dilute with 2S to JO Ill . ot diatllled ,.ter, add 
tllraedropactind.icatorandtitrah witlllt&ndardail'fernitrete(tr<:a 
1 2511l. . l>.lret.te)untillredccl.crilobtain00. Clontllctl.ulc, with 
• ti_o:llt},JrittingrubberatcpPOrandahakaviolent},Jtobreak up the 
curd<land.Ubtr atei.I'U'•clubl.echlorides..,chanicall,rhal.d . Thar..S 
change•backt.oyellow1nth1aoperaticn . RC!IlC'Htllestopperandcon­
tinue thatltretion tothocllromooydl.owancl.point , repeat~tlleaiW<­

ingtechniquooetoo.chapproo.cht.othe endpoint , 

Nota thr.t t he auapend.od pre<:ipitate cleara within 0 , 111.1. ot the 
endpoint , andat theendpointthegreenbhyellowt1ngeclw'tge•aha~ 

tOChr<>OIO;rell.ow. 

Raadtheburatt eandapplyburetteandaolution conectiOIUitoob­
tainchloroait;rat t .... peratura(t) . Inter pol.ateinTablcit.odate111Une 
chlcrinity . 
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3aturated.K;!Cr04solut.ton,whic:heootaina629vasperlltar, 

water~~:tv:o 6~~~ ,!{ft..,~ 1~1~; ~t~~~j~W~::!. a 

~t!::-~~a::·.o~~~~t~r(i:;!:..: :!~ Jt~• in~owb)~~J.!'!i~~ · 
an&)'& dropper fitted tlu•c111o!Ih • IIUed cork . 

St.an:l&rd dlvernitr ate 

Dlnoln48gru.oofp.~ras11YernitrateinOI'olllltlrd111Ullod 

-~-.., and &d,jllllt o:ooc:.ntnt1on b7 dilution ao Ul&t titer of a 10 Ill . 
sampllofthaatand&rdsodi'-chlorldaorte&water,at20•C,,.q....U 
thechlorooitywith1n!0 ,051!!l. , 

Ithdedrabl..thatthatit.flroftiMaM-teraam.phat20"C 
~~~~-be U.. chloroaity (u- cllloride per lltar) whtc:h '/»¥be de-

Set tin& 

vel....:> ui oquin.lont& YOl'-0 of oquinlenh 
ofaibernitrate • otchlcridea 

· ~xwt. silvor~at .. !?!rllter 

• m.l,~l•x d•lccl:sity 

""'iahtofdbarnitrate • 4.7914xlll. . saapla 
per liter 

lnt!Micue ofa10111. •-plethaailvernitnteaolutionahould 
be0. 2820NonMl. . 

St..&ndardaodilllllc:hloridc(priml.ryst.and.o.rcl) 

J. aodi,. ch.lorlde tolutlon -.r be uaed u a pra.uy standard. It 
111da.irabl..Uia.tt.hechlorollitybeabou.t18&/l. 

Dr7 about 25 rr- ol &nalrtical cr&de, or ntp.lrl11.:l. ..,.u,. 
chloridaatUO•c,cool1n adan1catcratno~preu""'' .l.ccuratel;r 
wei&ht(!0, 2"'4!JJl . }7to8&rMIII,d.1nolve 1nd.1tt.ll..ltd-~rald.U:a 
upaccurat.el;rt.oabout2SOIIl . at20•C , 



Store 1n •11-u• bottlew1th.waxed cork 1topper. 

ar...,JJ58orid• • f.b: x weigh.!.oi::!~l:~orlde x UXXl :r; ~ 

•606.56x~k "~ 

>mereS20h thelpec1!icgr.vityo!ua w&t&rat.20•c andStUt.t.. 
lp&Cific&r&Yit.yo!sHwa.ter atthetempoutunottitration, 1nt.•r· 
pol.at41d~Tableii . 

" 
17 

" 
" 
" 

~ 

Specit1cGravityc!SHiiater{&t ) 
<St. • {st - 1) lOCO 

16.00 
Ch.1orcaity(g/l) 

17.00 18.00 

20.07 22.19 23. S3 "·" 
20.67 ,,.,., 23.31 24.61 

20.4S 21.71+ "·"' "·" 
21. 54 22. 85 

21,)1 ,,.,, 
19.75 21.06 "·" ~-69 

19. 30 "·" 
19.2) 2l. 8S 

18.9) 21.59 ,,.., 
18.65 21. 29 22.61 

18. )7 19. 69 "·JO 

"·" 
2S. 90 

25.69 

25.4S 

25.21 

24.71 

24.45 

24-19 

"·" 
"·"' 



::vtdently t>.c ....,ight of ao:.liu c:.lori.de" to be subetituted 1.n the 
above....,_,.tion IA11'llbethootfoctivel•ic:·.tmth.etac;>le, whlch~:~~~at 

becorrec.od !orthe~itic~, calc,a,.ted!ra::aU:e lct anal.;, ..... 

Let 1 ,,.,... ot I'Oq<m~ ccnto.in: 

"- &n.:.:l of in.solu.~l.c 1:13tcr.i.al 
~ srocs of negati>"e i~n.l pr;.JI;!: no ~reci;itate rlth tilver nitrate 
cs;r~c!positiveionL.l"ll!rityotequivalent-ightC 

•sr""-"o!poaitiveito."'lL.l.'"'rit;ro!eqw.val..,twe~tE 

• •• , etc,tra , , , , 

dgr~negathe ionil:lpur~t;rcl'""lllivalent....,igi'.t Dnndv!lich 
proci;>it.atos><itildlvorr.it;•;>."e. 

t &r:ms ner&tivo iOll W)urit;r c! 1!\Qlivalent ""igh~ f <l.'ld v nich 

~~-~~~==l~:t~ ailvor nitrat e . 

h grn= ot soidll,tl1<m of O<:uivahnt uui,ght l!a 
kgr....,o!c.ll.orine onof <;.l:.lvc.lcntueip,htCl. 

'n!.etota.l.nllllborofche!:dc&loquiv;>.lcntao!pot itilreionapl r grazo o! 
roat:ontis 

T!"J.aiscq:Jival....,tto 

(£, • i• · .. )Na 

~of sodi um ion. 

(~ • ~ • ~ • •• , , )Cl 

u-crchlorlntion. 



Thereto ... theq_uantityo!!leCl...tdchiaequi.,.J.enttol&rMO! 
the raqcnt, ao t a r u the titl'&tion with ~ U concerned, h: 

(~ o ~ • i o ••• • )lfa • <h , ! o j o •• , , )Cl 

llotat.b&teandbhevanor-.rt1nthernetionanddonotanter 
theaq_u1velence!unct1on. 

tbe ... torethecorr-e<>tiontobeeppliedpo~r&I'U'ot~ant, U: 

hok•~o ,, , , o~o •• • • - 1 

h•ko~• ···· ~o , ,. (l+bo>coe •• od•t • ., olt+k) 

-(a•b)o~•~· · ··~·~ · · · · 

St er.:lerd seewetar (u cond&ry otandard) 

filter .,..,.crtWQUtanota .. wetar,and.atoNiine&].aeabot t b 
>d.t.ha-wu.d cor!< 3toppar, Add one .tnuta cryat&l ot tru-->1 to prov1111t 
bectarial&r'(Wth, 

Thia aae water is atand&rdhed ~&in8t !...,•1111" standardiaad ail"nr 
nitn.teen:iuoad!raquantl;rtochacl<thaailvarnitn.taaolution, 

St.&nd&rdisaUonotthasilvarnitr ateaclution 

l , .I.CCllnlta)¥datanoinathatitarot alOIIIl , a•phot~ 

at.andarcl,and.alOill. , ae.plao! aoconda'T•tenc1.ard, 

2 , CalculatethootheoroticaltitGJ-o!thellatandardfro.U!ar.­
laUon: 

theor etical titGri atondard thaoreticaltitern st&nderd 
oburnd titer I atandard • obeorYid Uter fi IJt&ndard 

Uu the teeonde1"7 ttanderd for Mnil"o'latin atand&l'disatior,., 

) , lt.Ucleairebl a tlw.tthaobaan'edtitarallollldbow:l.thinO,l lll., 
ofthat.hao ... ticaltitar illordartoroducatllbetquentealculatiONito 
• .w... 



Tha di!!ermea betwMn t he obeerved ve>llmt and the thee>retical 
v<>lUille>C t.hetal.uti<>n""'Ybeeveluatedfr<~~~thereletion: 

{e>b!lerv<>d titer) x (oburved ve>l,_) 

• {t he<>r etical titer ) x {thOQretical vol,_) 

It 1a..t.v1aeblete>ll4ketheoilver n1tr etesolutionallttl a t oo 
conc lll'ltn.h d 1t1d suboequ...,tl.)' <lilute it to the thll<lrctical conclll'ltr&• 
U on, 

J, , Itianot pr-acticalor noceuery t.o adjust thetit.erelooerthM 
O.l al.. C>t t hetheorcl.i cl l value . Sm&llditterences areccapensated 
bya correetiontbbl<>. 

Thecor roc:tiOMO. Ol , 0 ,02,0.0J,,,,, Ill. . eroap;>lledwl.thin 
l..ait.apecitiedby 

H • (theoroticaltitcr) . (tctualtit(!r) 

COM"OCtionirlt o!'V&l • 2((2&\N)!i~r) 

N . .. o.o~ Ill.. 

2 fo~·~ · ¥ · J .J 82 .. .1. 

Ti ter lillits 
(ll.l . ) 

o .ooto 3 .38 
3 -39 t o 6 . 76 
6 .nto l O. l.4 

lO. l S t o lJ. SJ 
lJ , 54 tol6,9l 
l6. 92 t o20, 29 

Solution 
Correction 

o.ooaJ.. 
•0.01 
• 0 .02 
• O.OJ 
• 0.04 
• 0 .05 



5, Recallbratethe eilvernitrateaolutionvith ucond&.l'7etanlard , 
~!urtheradjll-"t.mentitnecese&.l'7 , Whenthetolutionieappar<~ntlT 

aatU!&ctor;r, chKk&ccurahl;r>dththeprilllaryandaKordacyatand­
ards , and~. 

1 , Fro.solubilitytableeitiaobeerveclthat theaolubilityofsilver 
chlorid.e hleu than that of silver chr<liOoO.te, yet on ref.rance t o the 
aolubilityprodliOttabl" the value fordher chi'Qttl&ta U corwiderably 
lesethanthatofthechloridu , Howevu , coalp&riaorthbein&mada~ 

t veentvodirferenttypeeofaalh , I.Band.A/J• Thuatcc.:aparei.B with 

!t'~h~~r:r ..:~~~en~ c:"~ll~~· A2% and t he aolubillty products 

K 1a then leu thanK1• 

2, Thoochicfaourceooferrorinthemethodm;qbaauar.arisedu 
follows: 

(a) l"ailuretothoJ'01.18hlystirorldxtheoolutiondur11'lg 
theprocessoftitrationinordertobroak " pthoc\U'ds 
ofsilverchloridu, 

(b) Theadditiono!in.su!ficiont qll&ntitieaofthoindicet or . 
Throed.rop~~cfthosaturatodaolutionofpotusi,. 

chraoateissufficionttogivoaconcentrationaothat 
the eolubilltyprodliOtwillbecxeeedoclwtlenjusta 
porliono!adropofailvernitratoaolutionis&d.docl 
inucon . Thoendpointcorrcctioniaso......Uthat 
itcanh<lnogloctod. . 

(c ) Uaoo!apperatwo that fail to""'<>ttho epedf1cat1ons 
cftheBur<>auofStar.ci:lrdsorthol!y!:lrograj:hleL.abora­
torica . 

3. Th•&dditi..,oftha potanilBChr"""to indicat or imputaanintonse 
yellow color to the sample being titratod. . In order to nulllfy t ho 
effectofthhcolor , bottercndpointearoobtainod.itthotitr ationiB 
condll0tod.1nart1!1cialor7"llowli&htrathcrJ( thandayli&ht , 

1. . ltwillbeobecrTedthatinlhakin&theaolutionthocurdaof 
eilverchlcridearebrokOfl&."'dthepr<>eipitatosettlesvecy r apidly. 
1-lhMan<O<cenof.dlvorchromatcilobt.ainod , violcnts~ c.,.\Uioa 

ccagu.laticn otther<>dprocipitato , which likewisoaettlc.~ r apidly , 1! 
ouch a precipitate occurs it 18 eao1Jyv131blo and indicates that an 
cxceuofsilvernitratosclut1onhaobeooa.Mod.. 



5. Ko&tn-..tr&l.eilV<OrultsofthepolJ'be.sieaci<learainaolubl.eand., 
as...n;rotthenlta ottt .. aeaci<bara present in a ... vater, their 
precipit..ationwoul<linterteravithtMmethocl. . licwever, calculations 
~how that nona of then salt..a occur in concentrations autfici.,t to 
cauaa precipitation of theb- silver aalt.o . loldle the conc«1t.ration of 
carbonatnhreletiv.lJ'h1gb, thebicarbonato1mUavenconai<larabl.;r 
greater . Hcwevar , eilvll!"bicarbo"'-h<loesnctprecipitahviththo 
con:litionsencountered.en:ltMaolubillt;rprod.uctofthadlV<ITu.r"­
bonatab prscticallJ'tha umeu that of silverchrallah . Un<lartha 
con<litionsot titratlon, ttwconcentratimotthechrallatevutlr ex­
c~thatott.ho carbcnatesan<l, theretoro , ailver chrocatatend.stobe 

precipitat ed first. 

6. S.cau.,.chlorinit;riaanabsolutevalueotinhnwtional.acceptance 
thawei&htsused.uatbeatan:!ardhedvithacceptedat&n<larda. The 
,.. .. urirli;~ltaand.bur<ttteiiWitbllat.anclardhed . Itianotneeeasary 
to stand.ard.hetha pipstteainceih correctionb inch<ledintheacl u­
tioncorrection . 

1. Solul.ionsatoredi,nbottleawithwaxedcorkatoppera<lonot•creap" . 

"5hw11 thacorksinhotpara!f1nwaxtor)to5ainutn. Since 
thecorka...,.UW><Ierthiatroatmontuaeonallu~lerthanwoul.<l 

no,.,...l.l;rbetitted , 

Reccveq otai lvor . c hl crl<le 

Allailvar Nisiduuareaave<lin•uiteblec<>ntairoeraand.thesllver 
mayberacover odan<lccn..,rte<lint csUvernitrateagain.bythatoUow­
ingprocedura : 1'haa1lverru1<1uesandrie<lan:lthen.txe<lwithe.bout 
~!r::::..~:":"t '"""' than the thaol"iltical &IIIOWlt of crude anh;rdrous sod.!UIIl 

The.txtureUplace<linaHeasiU~crucibh"an:l.thelatter utinan 

or<line.r,-potturnacehMtedb,-alargablaatl.amp, .Uthe ... terWre­
actean<l .. lts , aor<>oft.hoaiJ<tureiaadded . 1'ha110ltcnuaah 
finAllypour«<intoasuitsblaAOul<land cncoollngthoailvorb ruad.ilr 
separJ.tod.troo~theal.q, 'l'hiaailVllrb then romeltod.inthepreaonca 
orpovd. .. n<l ehar<:o&l...-.:lp0urod.uat1no•treu~1ntoalaraobw:kot 

ot colcl ... t.or . Sil•or tlakH orahot aroth\lll producodtha.tal"il free 
tr<:aoce lu<le<laod. i <IIIChlorlda, an:l.attcrwuh1!18W1thwatorara<liuolv..:l 
1nd1luton1tr ieac1d , Therosult1ngsolut1onilovaporstecl.todryneu 
to r....,ve ..:J<Ccss ~1d . Th1.a is ~n~nthl l oth~n<isu it would b.J illl­
poeo i ble t o\lllaasolutionotthuaalttor titration, o.ethom:ceu 
hydrogen1ona fzooathenitr1cacidwoul<lpl"ilvanttha!on~at1onottha 

silvarch...,...taan:l.thWiobscur.theendpoint. 

A&•HO:J• •:a!'-+ A&'•!f0;2•Hi' (conc . acid) 

3Aa·~- ·4!1' -4 JA.¥,'•1«l•21iz0 
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The Volhud Method 

Theeh...Utrvoftheaethod 

Thetolubl.ehal.idee are preci;.itat:ed>dthan IJCI::&U cftunt1ard 
tiber nitrate. Thauoount o!the«eeNa 11 thlndetenoitled.vitha 
st.andardthtoeranatosolutionus!JI&!iorricionutheindicator. (1) 

Ag'•Cl- ?AgCl 

Ag'•cHS-~ .I.gCHS 

Thetiratappearanoeofarodd.hhbr<M'Itintt.otheeolutlonindicatu 
t.h.o.tthesilverionh.o.scOillplot.ol;rrca.ctoddththethioeyan..te , atld 
~!",.!1~~~. b • aJ.i&l>t u<:hs of tbo th.1oeyBn&ta to react with the (2) 

r.•+>•JCH.S• f--Fe(CNS~ 

Fe(CHS)J•)CHS· Hra(CHS)6 

Thepr.c1p1tatedsilverchlorideilraoovedbJ' nltratlonb.!ore the 
uceueilnrionLstitrat.«<becauaasilverthioc:razut,hiiiiCMinaolu­
blethanaUvorrchloridaand. a f&dinger<lpointwouldothfl'Visat.. 
obteined. OJ 

FerricAlumlndL::&tor 

Onehllllli~lll. . o!aaaturatedaolutiono!!erricllliDO<li.,.alla 

iapre~ - 5lll. . ofnitr1cacidareaddedtoprevent~l.Jais . (4) 

Silver nitrate solution 

St.4rllard aodb., chloride •elution 

Wei&h 29. 674 gr..., of pun 1/.Cl and. dilute to lliter. 

Conc..,t,..tadC.P . nitr1cac1diJodilutllli\llltilitcont.&in.o50% 
nitrlcacid , Itiatt>enboiledtr6•ot<;gj.de•otnitroa.n (5) 

Alm>oniumthlocywtesolutlon 

AO.OSN10lutlonbpr ep-.redb,-dhSolrlnc4....-.ot-..illlll 
thiocTWteper Uter . 



Stand.ardint1onofS1lver N1trate5clution 

Detel'l:li.mtiono!ratioo!J.&Noy'~4CIIS 

Flvell]. . ofthe~nltricacidhaddedtoalOml.portioncf 

silver nitrate , !ollowedby510l. oft.heferrica.lU111ndiu.tor . This 
solutionhUtratedrlthtM~...,.thioeyan.o.tesolutionuntiltha 

reddish brown end point just ~nhts attervi.gc"'ue •h&ld.n!l · (6) 
TheY<ll uteo!silver nitratedividodbythevoliiiiHic!NtqlliredaaocniUII 
t hioe;ran.o.tegiveathcdnsirodratio . 

Stan1ardiu.tion of the ~ilv~r nltrato 110lution 

Plpet lOal . o!thcstandard.N&CleolutionintoalSO.m.l. eden­
...,yar!lask , AddS.m.l . ofnltricaddand2Slll . o!the silvarnitrat e 
solution . Heat to boiling and digest until the silver chloride h 
eo~ted . (7) Lctatandtorelxhouroor l.ongor . FlltorVId.wash 
by docantatioowithah<ltU:nitrlcacidtolutionuntllthapracipitate 
is f r <1e fra~~occlWod silver ion. E:vaporatc t he eollcctedfilt r&t a 
and vashinga until tho vollD<Iia no 1110ro than alOO m.l • .l.dd Sal. of 
Cerric&li.I!O.solutionandtitratorlththethioc:ran•t<>aclution. The 
nor!III.Ut:r o!tho dlv~r nitNte<:ISJ' bo c&lculatod thus: 

~ 

.t 1011]. . ••plo o!uavaterwhl.Ghhas bsan !lltored throuch 
OOhataanNo . 42!1ltorpApCr1et"'atedvithSill.o!nitricacidand 
then25ml . o!thestanc1Ardsilvernitratcsolution . Ther<llllloindoro! 
thoprocedurebmo.deinthos"""e""""'oru!ortlleetandard.i:u.tion 
~t!~\:1.!:~: ~~~to eolution . The c&l.cul.ation of the chlorl.n.it;r per 

~25 - (al . cNS- )(J.g!IOy'CH.o- ratio~ (0 . 2820)05.46)(1000) 

(lCIXl)(lO) 

Clper 
• lltt;r 

vhe"'0 .2S20:Laequaltothenonoallty o! t hetilvernitrateaolution 
and)5 .46:Laequaltotheetomicweightc!chlorine . 

!!2!.!!. 
1. The origiMl llt.erature conceming the Volhard method 11oQ" be ! wnd 
inUebig 1sJ.nnd . Che:t • .!2Q, landZ • .I.I1org . Ch-.,~ ))0(1909) . 
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2. .lf't.<Jr a tho~ SEp<OriAmt.-.1 inTIIotij;ation the rcocld.bh broltn 
coloro!tlleendpointhubMtndccidod.tobcductothcc.-plezion 
Fo(CIIS)6·-- ll!ld notduetoU!eh(OO)JII!Ol<>eule uor18.inallJ'tllought. 

), Theaolubillt;rproduc:t!orA&Clio0 ,6:~10-lOandtorl.gCNS1s 
0,6:~10-12, Since the dlver Utioc;r.,..h U thtiiiOreiml!olubleo!th<J 
two , theexeeuCNS· neceaaaryto reactotiththehrrlc iontoii.YOthe 
~1111 ;'1nt would inatead displace tl'te chlorine !rca Ute dlnr chloride 

ThachlcrinowouldUt .. reactwith~~~~:>redhorion . Inpracticoa 
!..:lin& end point U obt.ainedwh.enthoexceu allvorion h titr.o.tod.in 
theprosancoo!thoinsclublesllvcrchlorido, ThetoUowin,gcalcul.a­
tionohCWIIthatoquillbrl,..V<>I11.dbcattainodwltonaratioctCl/CIIS 
o! lOO was obUinod. . 

Sinec (Ac•){Cl- ) • 0.6 Jt w-10 (1} 
And (Ag•)(CKS- )•0,6 xlo-12(2) 
Atoq.tllibr11Atl>eollnrlonconcentration 
lllllllt be the uce in either equation. So 

~:nr:~t!~'\~tl}~(~~OO: ~quatlon (2) 

Obvlowo}J"this..,uldboanlmpcoslblealtuatlontorequantitativeda­
tonainationandso tlltr.o.tlonctthedlverchloridebnoceosu;r. 

4 , Hltrlcaci.d h added to tho indlcatorocluticntcprnenth;rdro­
lyaha.s 

S. The nitric acid h fro<:d !rat~ tho cxidco otnitrogcn,ineo they 
tooroactwiththioc;r.,..tatogivcarodcoloration. 

6 , Thoallnr chlorldeU first ton:tedinthe colloida.l.atat<lbut io 
euilJ'·c~todl;oyheatir~&inanacldoolutlon . 

7, SUYGrthioc;ranateabaorbasllftrlonwh.ichiar<DOYedh,-Yigor<~~~a 

ahakin&att lle endpolnt . · 

8 . Ithaabaenclsoonttr•tedtllatthetiltr•tionotsiherchlori4eil 
notnecau..,., providin65•1. otnitrobenzenearaaddedtottt.aolution, 
priortotitraticnwith .,...,U,.thloc,-anato . {C&l.dwellandY.o,-er. 
Ind . fn& . Cltem.!!:!!!· !l!!· 7, J8(19)5) , ) 



'nlenl'flblu,.....,CopiKtroaothe 

Cl./• •lllflnatbeUIOUIItofeb.lcriMh•/ .. , tbetle\OU)', 
Ule,..llbtofchlortaeta1Vft18, foundlalOOOC"""'"'ofeu-... ter . 

S'/•• -•u the ul1a1tJ In '/••, thn h to UJ, the toUl "llbt 
of ••U 111 u-=e, found In 1000 gr.,.. of NI-Qtu. 
s • O,OX!•l,OO!!OCl, 

0'< • (So - l l 1000, •he"' s • ..,.,,.. the epec1f1c fiH<rlt)' of eu-

~'!r~~O~; ~~:~:Cio_d~:~~;gc~tt~r0~~303Cl3. 

Pu.& ·6g.: -~ 1000 , • horo Sl7.& >'1011!11 the epectflc fiHTit)' of 

ne-.. teret 17 . SNhrNOd todhUllodeetor et4• eDd817.& 
-•uthcepoclflcgno<rlt:rofdletlllK"teretl7',&111P1'0· 
porttootodiUHlodeetoret4• , Tbue 

_,.. the epccltlc fiHYit:J of ue-ntor et n• .& raft~ to dle-
UllKnterottho•amote=pe,..turo, 2 
!H.& • {0,124& + o. - 0 .0!1~ 0". • 0,0001~ CJ. l ~ 1.00129. 

hoolftaO.:ee..ognophlcGroup 
1\l.Q.f , li48 , 
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DE'r.B!DIA.T!Ot!OFDISSOLYEDOIICEII 
DIFII&SIIA.'fDSEA.\IA.'!'ER 

Notesh-eparedbyll.J.Holllater(/1 

~ 

01 .. ohedo;x;uenin!'roehorauwaterild.tenlinedbyWinl<ler •a 
... u,od (Vinklt.r, 1888; Jacot:een and Kmdun, 1921.1 AMric&ll Public 
l'e&l.t.'l l.aaochtlon, 1'146) . TM u.cro pro<:edure &rd apparatus &rfl baaed 
onaumpleo!app~tel:T2~ml., otwater, lalt~beapplledto 

~&llj>].ee !1"011150to~lll. , byauit.ble&d.juat.D.ents\o!thflai&e of the 

!F~:nt:n1.~;.!:~ o! ~~:·~~r'~o~r:e·~~~:n;~~= 
ilillWitrated(!~ej), 

~ 

The Winkler ""thocl u dcacritt.d U uaed tor deh~ dl.aaohed 
ox;ygeninil'eahors&ltwatorinthfl&t:eenceo!r*'-ucinaoroldd.hin& 
aut:et&llceaauch u nitrit011 , ferric and !eM"OWOa&lt.s , aulphitn, thio­
aulph&tca,pcl.Jthionatn,troochlorino~ , hn>ochlorit.ea&n:l.6rg&nic 

mater:l.&lU...tlli.OitoccurindolDest1c.ndindWitridt"""81o &n:l.chlorin­
ated ~~Utes . Thou inhrhring &ubllt&ncH us introcluce considerable 
8IT'OU it they are inoxean . J.:ocliticaticna toe>vercometheuir.ter-

f~;!6f =~~~~ ~:t:~~ri~ ~~1=~"~!~ .. ~-:!~-:"~::im 
acribes pro<:edures to detendne what IIIOditications - r.quired in the 
presenc&otamnbero!ir.hr!er11lf!;lubet&ncesandg1Yes&dete.iled 
d1nuaa1ono!diaaolved.ox;ygend~enoinl.t1ons1ntreahwater. Thcapeon 
&n:I.Robinllon{l939)da..,ribel.m;>ort.&lltlllocl.il'1cat1ona·intheWinl<l.er 
mathodwhenuaed.todaterminadiaaolYed.o:Q'I!Cilin-watar,ozpJ.&in... 
in& the caoplox choodc&l roactiOM involved in the ""thocl. 

TheWinklermatbcd.roquireathatae .. plact-..tarbetreatoclwith 
an&lkalinaiMllf:&nOUS""'lutionwhiloprotoeted!'roa<tlQ'Ien&timby&ir • 
.ttlocculentwhitaprecipit.ateo!manganouahydro:rlde!ormsattirat 
{Troad....,ll&ndl!all , l937) . 

wtdchrapidlybcco:a<~&browninthepri!nnceotthcdiuolved<D;7B&n 

cwin& t othfl!o""'"'U ""o!""''',!&nCWimant:M.itet>t:tichanrlousoluble 
thartMn{CII)2 . 



Apart.ottheun&NIOU8htdrox1.d•J..ad4iledel.owl¥toaan,g.._ 
ecid . 

which an <X*1na: in contact with bt.llic I:I&ZI&-=-- hJ'Ifrodd.e , iDMdiehl¥ 
ro..-eoaanaan.iteu.l.t. . 

orposdblT 

'iiNm eciditiod to ucua in t.h8 pr8unce or an icocihl1 t.he iodin<o 
ilreleuodqll&ntitetive:l¥. thb~ berep.rd...tu e rMctimortJte 

lll&npnite . 

211~•U"•811* -io 21!n* * •I2 • 611p 

T'hantheio41neeolut.1on htitrated.w:lth st..an<:~aro sod.i..,thi,.,. 
eulp!Y.t<Jeol..,Uon, 

Die~olYe 1.80 &· or N.ll&an.,. eulp..te (KnSOt., 4ll:tJ) 
orJ,,Og, or llnS04. 21!p 
orlo2(lg, olMnCl2 , 411~ 

inilitU.ledYeterand.lloll<e..,ptooneUt.er. 

It iano<:IU&l'J'thatinlnilllpu.r1tieldonot ucH<I.0 ,00J$and 
tllat~oand.!e.rTicee.ltabe ablent . Itthenereablenttheaolu­

Uan w:lU not Ublrate DCre than 1 tree• or iodine when edd..t to an 
&c141li..t •olutian or pot-.eilal iodide. 

Rea.sent 2 . Alk&llne iodide solution 

Diuolve SOQg. ol lodi<UIIhtdroxt<le (llaOH) 

or 700 &· or poU.Sdta htdrodde (lCII) 



_, _ 

inSOOml.o!d.htilledwater . 

Diuolve 135 g . of oodi1111iodide (!la.I) 
orl5Qg, ofpot&asiuciodida(kl) 

in 2fXJ Ill). , ot <I.Utilhd wahr . 

AMUielattert.othefo,.rardlllllke\ll)tcattf!llterwitl\dia· 
tillod>rattr . 

Ithpe!"lliuabltotousegood.c.,.,...r<:ialgradeeofsodiUIIhydrcz:ide 
(lye)andpotassi llllliodidei!the&i>f!leneeof permdd.eardperiod.&ta 
1tllpur1tie11seneured. 

Ieat!orOxidh:lngbmurittos 

Addonaml , uchofrea~tacno&n:ltwotollgl-.seatoppared 
bal.tlewhlehhas PNYiOI>Sl,ybotentilled t.oevartlowingvithwahr. 
Stopper, "&it.ata, and allow the procipit.ata to uttlo for at l.ut )0 
lllintrt.es , orbctt.r, eomtrit'U&etoeoll411)'thoprocipit&te . n.eaup. 
em&t&nt eoluHcn cor:tUn.o nodillaol"cd =;rgt~n IJ.It· • .-111 ccnt..U.. per­
O><..ideaorperiod.&teoi!theyoccur&.OimpuTitiesintha r eagent.a , 

Veryoare~siphontheaupematantsoluticnintcaucODd 

Sllll.ller glue stoppered bottle, C1lling it to overflowing, It U t.­
por t antth4t .!!m! cftheJrecip1tatebetr anaterredcvertcthee....Uer 
bottle: , Add reagent. land 2, bclcwthe IIIU'face ottho eolution, and 
quiekl.Jo"at.opperthebott.leand.!Wc , Add211ll . o!36Nsulphuric&c1d, 
stoppe r and.miJt , Tost!or !rooiodino><ithatarchindicator. Utho 
tut U nogaU\Oe tho r"l!onl:.s are u.thh.ctory. lf tho teat is poaitivo 
a blAnktiternlueba,.,donthea .. plovolUlDI>ahcul.d.bedeto!'Dined. , 

Dilute one Ill . o!r~ent2tol.Oml..withdUUlledwator, acidlly 
withJml,o!SNaulphuric &cidandtcotforfre&iodincwithatareh 
&elution, Bluo eolcr indicates orl.d.idng ilopuritict prosunt, wNre!ore 
abl&nktitarvalUOithouldbedcter.inedaaoutlinod1ntestl. 

RwentJ , Su1Murieaeid (J6Nl 

Concentratedaulphuricacidofapccitiegravit:rl.SJtol,841a 
•wrox:lm&tel.J' 36 Nc,.....l. 

Theelectl"Cl,yt.ie gra.doo!aeidissatis!aetoryititdoosnotre­
leueiodine!rompotuaiumiodidc , 

Teat c!sulMurie &eid 

Addont dropo!theacldtoaacluUono!onegra~~o!potud,. 

1cdide{1.od&te!ree)1nl.OIIl.. o!diat1lled.•t&ter, andadd&!-droJ>11 
o!at&rchaoluUon, Uthereia nobluecolcrd8¥'8loped 1BII6d.i.atel:ythe 
aeidie aath t ec tory, 



R!aftent 4 . Sc:diUII.tlli~ul!lhat..aolution (O.OlN) 

Di:.aolva2.5gramsotaodiUII.thioiiU).phate(!l&~iJ3·511:zO) in one 
llhr otwater, andagetcreaveraldays. 

Thenonoalltyllillreal&incm:.tant tornnralalllths ilona drop 
otc&rbondisulphidaperllterU.addedardthaaolutioniBprotect..l. 
tra~~&ir-bcrnecarbcndiox:idebyasodium lcylir<:lrlde&irtrap(ct , 

APPARATU3andti,gurel), 

It 11 cuetam&ry to prepue a otock solution oC reagent 4 in an 
lS liter (5gallon) carboy, &ndrltl>dr&wand st.and&rdizeportiOIUI u re­
quiredtorcurT...,tuse. 

Reag .... t5, St&rellsolution 

Aatarchlolutionwhlchwillnotdeterior&teonr&l21Dt111thperiod 
wasd&~~ cribeclb'J"Pl&t.ner(l941) . 

Pnpareaeuepension<:>t2gl'alU<:>tpowderedtt.arellin)(XIto400 
1:11 . ot-ter. Adde 20lCeoluticnotac:di1111cr potueilah1drox:ide, cr 
theeolide&uatic , rlthatirrina, untilathick,o:fl'\lPJ',~tcle&r 

oolutionbobt&ined . illowtheoolutiontottandt<:>r &bcutonellour 
toenaurecomplete acti<>llb'Ftheal.k&ll , Ulin8lltDUap&peruanin­
dkator , add con:entrated hydroelll<:>rie &cld until tile oolution 1• 
::~:~;e~rsllghtlyacid . Add onellll, otgl&d.o.lacetic&cidu a pre-

Tlleatucllaolutionlasatht&ct.oqititturnaebrislltblue..nen 
oM111l. h added to &t&.intl.¥str&w-col.ored iodine solution , llthe 
soluticnturn.purple,discerdtheetarcheolution. 

l. SampleBottles 

Provide cheoieally clean glus- stoppered bottle& ot 2~ to)OOIIl. 
capacity, t'hebesttypeareB:I.oc:hoaicalOzygenDSII&ndbottleawhlch 
h.aYe tba end cttho gl&n atower beveled, eo that no &ir 1• tr&pped 
llhenltlslnsertodinac....,atolytilledbottle, 

2 . R<>egWltbottlu 

Rugcntal, 2 , J , &n:15areno:rwo.llycerriedinetoutgl&nbcttlu 
ot &bout 200111, capacity {figure 2) , Scpuato pipettu ere r.quired 
fer each reqent , lt ie conTe!l.ient to tit e droppina pipette thro\lgh 
t hlln>.bberetoppor u sh<nfrlinti,gure2, Fillin6endclallveryotthe 
poieonoUlllolutioneiecont.rolledb.farubberb.l.l.b. 

J , Me&luriJls - titntion flyk 

A et.end&rd volume ct the ~&IIIPl.e to be titr&ted ie meuured in & 
Cl&aktitteduahowninfi,gureJ, .l25011l, l':rlen!b0Yf'rll&ati8titted 
rlth & euepension &rrllllg<aent which allaronl it to awins h'H)J' trca e 
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hoolo: . A. omall bare () _..,) &l&a• siphon h pi"QTided >Ohlch 1eav .. a 
tult&bla vol,_ (d>OI>t 1251111.) tor titration intMofluk . nt. poa. 
ition!ortbedphonb-rkedby afilednot.c:honthellpand.tt.. 
bulgec!the!luk , 

1'bewholeeont&ntsotthe&amplebot.Ue, attertreat.oentw1t.htl'le 
Ulr&&Nac«~tt , a ... pourodintothe-turing!lnk. 1'bee1pbclnh 
placed:lnp:.iti.onanditthoo!l.aakietullitwillpn.-itael..!, The 
!1aak ia huzli !~ a hook so that 1t u,y Mn& '"•l.J' and thoo aiphon 
.U""'""-torununtilitstope.l'hevolw.e~inthe!l.ukia 

titntod. 

Tha!Wk1acalibrat.edb7avoragina!iTe-~ott.MYOl.J.aM 

~af'teTsiph<lflinl;!romthehan&1rlgpoo~ition . TheuW11i&htl 

sllould.boCOIUit.antwithin0 , 5J, andareezp~slldas rui.dualV'Ol...., 

at20•c . 

TM&<icl.iUono!reA~•ntal,2, and).U..places)lll. , o! water!r<a 
thesamph bottle . The"YClumetitnted" h arbitrarll:7t.akento be 
l.SII!l. (cr correapondir€ valuo) leaathantheruidualvol~Beo!the 
rlaak , TM ~error due to this procedUN is leu tMn O,SJ , 

4, BlsicTitrationanllll:bl.I 

Tbeburette , bot.thofr~antl., andcarbondloz:idetraparecon­

ne<:t.d.ei.mll.l.ril,Jto•SCI\Ubbt~burettousttowninfi.!unol • .Ur 
P"'II\U'II h J:(l\&r&ttd by~ the rubber bulb 1olhile tl\41 air "ent h 
cl<*ed . Airb!ilter<ldthrouchthetrapwhichizlcreuuthe prenure 
inthebottlefoN:ingthothi,.ulph&teiiOlutionthrO<IIhtbe•upplTtube 
to the 1>\J.Atte , When th" bur<Jth is fill.-1 aboq th outlet of tho d.l· 
llTV7t.1P,pum~1s•topp«<and.the&irnnt11open.-i,then.the 

au:ua 110lut.10<1intbeburette aiphorul bo.cktotha •olut.1onbottle. 
Tbed.ellnqtipbed.JWit-.dto leevethoburetteful.l.totheaeroao.rk. 
J.alotcutintllesid.eofthoccrl<hclJ11nithed.elherytipprovid.u 
ach&nnelforaiTflOOotoutthetopo!thebllrette . 

S. Porhblel.&boratory 

Prequentl;ritilneceuazytooakeo:qgendetend.nltionaawqfi"Cffl 
•bo.sel.&boret.ocy-and.ltvuCoundconnnimttoul-bl.elll. tho 
necen..,.,.appar&tUB inapcrt&bleldt. 

Inthbunitthet1tr•tioneq.dp:1811t(fisur•l}il tued.inpo81· 
tion and 1torqe compo.rtmants are proTided. for the req;enh, -.uring 
!l.uks, •pare ite., etc . All eloctric lamp h fitted to ill..W...te the 
mouUI"i.n& nuk durine; the titration . The·~ bottln..,.. pac.lu>d 
inen~tlcue. 

l.,_ 
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ttu-M!olddbplact!IIIW!toft hoo waterinthaaiJI!Ilabottloo,withouten­
train:tialt ofairb.lbbl.u. 

I!thoos-plaistobetaken!rom a tap,arubberhosathl.twill 
reachthebottOIIII.o!theNl!lPl-abottleahouldbefitted.. Thabottla 
lhouldbeaJ.l.oo<tldto!lllwith thetreeendo!t.het\lbingundertha 
""tereur!aca,&ndahouldcver!lawallf!ieientl.J"tod.1splacaalQ'water 
thatll.iglttba"been u rated, 

lCtheaampleiBtobetakenbeneath a -tereur!&cethabottlo 
ehculdbefilledl>,-asuction arrang..,entasahawnintigure2, 

Stopporthel::ottle a • aoonuit h filled, 

2 • .t.ddiMthereasonta 

WithinlOainutuo!the collecticnc!the allllpl.eintrodueeM&­
SIU'Od.(!IW1t1t1teao!re.gontl,thenreaeent2,belowtltesur!&eeo! 
tlleY&teri.Jithebottl.ooby~:~eanso!a .. psratedroppirle:p.ipetta!oreach 
req111t. Re-atopp.rthell&llplebottlesir.l:o.!.latelJ'and.llixtheeon­
tentsthof'CIII&hl.YbJ'holdillgthabottlonltcl<rlththeth.-bardtirat 
t,...,fi.ng$raand. twirllngitrlt.h erollingwrbt.otion, 

Thequantityotreaa:ento add.eddepunda upontMvolUIMI of the 
aampl.ebottln, 

Vol"""' of 
SamplobotUe {ml• ) 

7S - 125 
125-250 
250-400 

Volume of 
reagentarequir«<.(lll.,) 

,,, 
1.0 
1.5 

Atloeculentprecipitat.e!ormedur-in&Ulareaction,prob&bl.yJMll&­
anouaand-.ng&nichJrdroxida 10hichv&rhsfraa'olhitetobrowndependin& 
upontheUICO.II'Itofdiuolvedox,ygenpresS~t . When this pr<oeipitateh&s 
settledabouth&lt....,.downthebottleintroduc:ethe...,uur.:lvolmleof 
re&£Sit)belcvt.beeurtacecftlle-pleby...,ll.llllofthedroppin& 
pipette. Re- atopperandagit&tetheu,.ple , 

J.'ar'()Milaolut.ionottho iodin& b obt.&i.wd, which......,.cont&input.­
iele~~ofpreoipitateittho<XQ'gencontentiahi&h(vic:l.nityctlOppo,) , 

ThU precipitate v.tllgS~erallyturn black in a fewlll1nutes , and lll&Y 
dinolveonst.&nd.:l.ng, inwh1chcue.1tm&J'bediaregardecl , It it re­
lll&ins&J.1&htbrowncolcra!'urther0.51ll , otreagent)ahcul.dbeadd­
ed , andtheaUiplereagitated, , l.ny~p!"<lcipitate!IIILYbedh­

reaarded . 

) . ~ 

Vithlncnehourotadd.:l.ng~t),agit&tethesample&nd-pty 

the whole into t.be "'"""lll'ini fl&ak , Su.apend the fluk !rca a hoqk 
eothat1t1111.7ber.t~U~&treel;r, ad,llllltthedphcn,&ndlll.cvlttoi'\ID 
unt llitetope. 
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Titn.ta the diquot reuin.i.n8 in t"- Otea&uri.ng tluk with reapnt 
4(1t&rd&rdl«liumth1oaulph&t. solut1on) overawhihsur!ac&,IJI'Itil 
thepe.laatrawcolorofiodinellu~tvWshed , Addona!U.ot 

l'IN£Mt5(ttarch solut1on)>ther8Uponthasollltionturnlbl.ue . Titrate 
tothoero1poillt&twh1chthebluecolorvanishea, 

Tba titration i o unaitive to the neareat halt dr9p (! 0.021111,) 
whichillplina probo.bla &tTOro!O .l$which bwithint"-llmitl_ o! 
error of oU..r ate~ in tba procedure. Rn d tha bunttl to tile ...arest 
0,021111. 

Tbatitu, .,Uunsitivityoftheend.pointviUTwit.htOIIIIP"N.t\lMI, 
and.tllietitn.tion ahollJ.dal.....,.. beudaiotat•pera.tur.corr .. pond­
inl;toth&tola~ut1on(20"C :. 2")andviththea...,atar<:h 

solution • 

.u loott•J>Iln.t""s (lO•cun len) the blu<~colorN:frMJipear 
ond.And.in&afl!lllueon<b,buttllissho\lldbo.dilreaar<lecl. 

STJ.NDARDIZATION 

1. Standar<Uu.tionw!thlodin• 

Provid.a a aall &).ua atoppered we~ l>ottl..l (5 -.1.) conWni.nc 
O,lto0.2P"'IUolpotust,.iod.ideinonetotMOill.. ofdi&till..:t 
water. Weigh accuratel;y. 

Qu.icklJtra~ufaraboutO .Olgr&IUofrnubll-'.iodi:>etoU.. 

veighin& botU., re-et.opper, and veigh qot.in, t'hed.Hferenca frc:athe 
tint~S..theweightotlodinat.alcon. 

Tranllferthe&toppered ~~bottlatoa2SOal • .'l:rUl:lla}"'l' 
fWki:Orltbinin,£ abollt lSO W. . ofdhtilled,~tvr, ando.,..nthe bottle 
.\[M._!!~(!lndstreet,l944), 

Titrw.tethe1odineaol.utionwitbll0d11Dthioeulphate110lutlon 
(reapnt 4 ) u Wtru=ted Wlde:r PIIOCEOOR! - titrw.tion, $ucceuin 
st.and&rdlu.Uonaabouldcbeckto0,2.'11:(!0,04al, ), 

llo.--llty • ...ti1~!r{~j'x? , 87'J ...... (1) 

Iodineproduces abl.uecol.or withatarchC\I"IlJ"whon~c &cid 

oretol.u.bl.llodidaiajruont,&ndfurtherfo:MIII.tionofthebluecolor 

~~;.l7th~=~eo:r~~ ofco~:"i~i!~~~ u!~•.:.l.u.t.icmthe 
et.&nl.&rd.i&&Uonuinthe~et{Tread>NllandHall,l'1.1.9). 



2. St.&nd&rdisat.ion with Potauiuc iodid ... iodate eolution 

PH~rean0,02N 30lllt.1onorKI - XlO:J t.,"diuol"fin& 

lOg,potusilll iodide(ICI) 

oo:~ :: ~u..:i~: !~~ 
1n diaUlled water an:! make up to one Uter. 

The.olut1oniiiUitbltcl.earan:lcolcrlesa,othe....UeitiWitba 
d.Uc....:\ed, 

The"nonoalltt and iodine content are dete.-.ined b7 titration with 
at&ndardaodilathio.u.lphateaoluticn, 

£rl~·~t=~~S :i.t~ ~~.~~:~:;~on.!~~~· 
211lo ot r eecent)an:ltitrateto aatarehe:ndpcl.ntwithat.ancludaoc1-
1w.th1oeulphata aolution , 

~~~) • , (Nor thit~~~ulWa{~~~tl.aJ:t · of t iter) , .,, ( 2) 

~:~~~:!i.~~~d~ ~;~bba~~~ ... 

1 . ~ 

The concentration of diuol.Yed oz;ygan JMJ be upreuod ae JU.l.ll­
grauper llter t.,": 



Thaditrai"Otlca blltltOenthavaluoe obhinldin .cjll&tiona) and4 
uldame;o;cMds )%, 

Thoo conc..,tt'ltion aq be upreaaod u ..uligru-at.,.. b.r &llt1P4~ 
1ncth<oaboveeqoatior.sby0,0625(1'ul.ly,l9)8} . 

2 . ~ 

Tho voll;;lOI o!thedinclvoclg&l (cc . p.,..Uteror cc . poorldlo) U 
obt&inedbydividin6thon.luocbt&1nodin.cjll&tion)cr4b.rtbo...,iQit 
c!caocc,c!OQ'!UI&tthow:.t.crt ... porature(T"C)andthabar<»>etric 
P<'Uiure(f'I'O:IO!IIICr<:\U7). ·•· t :O.. ti.n.>o! thacollocticnotthlw.ter 
umpla , Thi•-1&htllla.J'beova.luatodwitheutt1cientaccuraeyl'l'ca: 

)tt . c!onocc.otOQ'I!:Dn • 0 .0011.29 x ~ :z ~ 

• tm~:~z P .... (5} 

'·~ 
It b !reqwmtly dninblo to azpren the c,...,.,tratica &I the 

devoe o! utu:-ation , or pl"Oportion ot lo1ub1Uty, 

The oboo....,.-.1 com:entntion o! d1uo1ved OQ'ItM b upreeaad b)' 
eqllltion 3 (llf;o/1) or equation 4 {~~g,fldlo), The eol.ubi.Uty ot OQ'IIM 
1nua .... torutu:-atodwithl!IO.iatlirat760..._, .t.acepher1cpronure, 
ue!unctionc!t.c.pratu:-oa.nd ,ll;·. ::.· iagivoninthehl>lolo! 
Whipple and Whipple (l9ll) , Tho ro.lation ia convWantl;r QICJirll .. ad 1n 
the appeOOod nc:AOU&ph (T'ul.lJ", 1942) . 
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CCOO'ARISONMEn!OD FCRD!S50LYED OXYGEH(II) 

A eonve.Uentcomparo.torur1u!U.ybepreparedbyf~au1t.­

able t ube.a 'od.th standard iodine aolutio:a , and uallng tha. off , 

~ 

Waterau.plebottloosanddropperbottles for...agental,2 , &ndJ 
udeacribedabolre, 

Comparatorblockushowninfigure4 s 1.od.l.art.oLaraotte pjc:<a­
parat or , 

f7ra::c~atortubesssahown , 

PartiallJcloudpyroxcc:aparo.tortubeauahoom. 

Prepareandatandardheanapproxbl&telyO.OC09JIINiodineaolut1on , 
Acc\ll'at ely weigh aboutll9~:Qg . rosubliloediodineinawei,r;hinl!: botUe 
cont ainingone&r...,otpuropot.lnhwiodido, r.Tdalllinutccryst&l.ot 
todiUIIIor pot.ud\101 htdroJd.do , Release underwater , and..akoupaccur­
atelyt.oonollterindiatil.lodwator . 

Dilute ouccouivo portionatopropa.Noquivalentatan:l.ardaaccord· 
lnd.to Tablei . Ithpractie&ltopropo.Niatandardaatintorn.l.oo 
corroaJ)Ondin& to 0,5 11&/1 dio.aolnd aqgen, 

Fill the propaNd (and cleaned) Caop&l'a.ror tubotl vith tr..lhl)­
prepo.rod iodine solution and aa..l oft vith fine flue of the blow torch , 
Lo.beltuboaviththeiroquival.onto;c;;r&onconeant raticm, 

~ 

Colloct andtreattho.,atorumplo vithroagental, 2 , andJu 
prarl.oual.J' ouUinod. Flll.oneccmparatortubevith theiodineaclution 
froao the aa.ple , &nd t w othortui>q vith t hen&turalwat er. Vi- as 
inr11catod in tiguro4. Braclcettheallll!ple bet ween t ltOof tlMist and­
erda, andut i&o.t. t heox;nenconcentn.Uonuoqualtoono, or half 
~bet-..n theatancludll , 



.!mU 

!qldvaJ. .. t Conc.,trat1on Ko.-llty 
Coneentl'at1onor otiodino otiodina 

lliuolvld solution solution .... ~ 
""' ""' 
" 119.0 9.)8z.w-4 
14 lll,O 8. 25 
lJ '"'·' '·" " 95.1 '·"' ll '"' '·" 
"' 79. 2 6. 25 

: 7l.J 5.62 
6J,4 '·"" 7 55 . 5 4. J7 

6 47.5 3. 75 

J9. 8 3.125 
Jl,7 '·""' "·' 1 .874 

"·" 1 . 250 

'·" 0 . 625 

1. Thaiodineaolution>d.Unotkeep, &nl:ltheretoN...,.tbetreah 
vh., the tubea are tiUod, 

2. Thooi<dinooaolution.,.t Jl2l; behaatld vhenthetubeaarebein« 

""""· 
J , lttha 1o41zleaolutiont.. neutr&l.cracl.d , tre.ioclineN'11.1 be 

Nloaa.d tro~~~the potaas1""'1cdideonerpoeuretollP,t. Itit 
1a e1¢tieant l,ybuoie , thoioo:U.nevilltol'lllthe 1od1de. The 
aol.ut1onahouldbebeWOODpli8,0 - 9,0 , 

4 . Alltal.1aeont.&inod1n-.ott~uere-eretcl,yaolubleendN'11.1 

reeet withthe1od1notoro,..icdides1nbeaicaolutierw . There­
tore P71"U eomparetcr tubes ahoul.r1 be used . 

5. the lt.and&rda should bo kept eoc1, &nl:l etor.-11ntheduk. They 
altoW..d be ehedced "4!eiNt known at&n:lardl at bi--ekly 1ntorvalll, 
andberenewodcveryailc ..,.,thaorthereabouh, 



supplrtu.t>e 
/ 

/ 

l"i&lln 1. S'Jlibb t ype bu..,tte u .... mbly , tor dheoln~ orystll 'determt~~e.ttoa 
bJitllkl.e r ..,th<>d. . 



"''""' 
ileqe11lbottlntor 
...-c•ll.h 1, t, }, .,.,_ ~. 





DITIRIGIIA'l'IONOJ'IfYDR()(l,JN-IONCO~ON(l,2) 

attrion1nt1cnColl8tllnt 

Co<idueth•itr expert-nta indic.te thllt -ur Mta •• a .,...,. ..u: 
bill&r'J' eleotrol:rte, 41uoc1ettns1nto If' and oJr aecol'\lillfl to 

IT!~o:f::Jr:!: :"i~r~p~~~:::1E:~:1;!:ei~~:1:~o;: 
..,hperl1te:r1oOM1tre.l-te:ret oo"c , Th1ae:rt.raa.lJ'•Illll.ll1oll.iz.at1on 
le~n• t~ (~0) UIICh.al\ged and 11. eon~ant ror all praethal :pllrp<>Ma , ao 
aquatioll(2)beoo.ea 

(It') (Oii) ~ K(~O) ~ r_ (3) 

~9~·x~~ ~!rti~i~ ~~i':t!: ~~~·:r·r. ~~~o!!:t~:"Lt:-1:-f~at 
200c , .U h18M:r tMpe:rtltUI' .. tbel"e 1f iiiCt'eUed iOIIiz.atiOII Of water I!IDd 
atl.owert..,pe:ratul'lala .. ioll.izatton, aothaYaluaof~ '"&rlaawith 

teaparatlll'l. 

Var1.t1onotX,•1thTeaJ>":rature 

Tacmal'llture !"c ) _!a___ 
0 O.O!!xlO-U 

1!1 0 .46 
20 0.86 
2!1 1.2 
30 1,8 

J.tneutre.lttr , tbeeooceotre.ttonottheh;r~n-1on1a~al 

tothatofthah;rdro:r:rl-ion. No.-1fanae14he44ed,tba ()£*) ia 
inor .. aad , co~~a&quentlythe (otr) -..at badecre&.Mdp:roportioo.stalrfor 



their product la -tuU to • cclllltact tor any glnc tuperature., An~ 'fi~ 

nua 1t the (OH") h lncre.aaed , the (H*) ...,et ot cacullty !a ~tore••~ 
..,cof'dl"Gl Y. 

It h lccocnciect to be co!I.StCM.l1'-.rlt1"6tbe c<>JlCactre.tlcD otH* 
rith..,chlugelliJ.IIIbere.u0.93:rl0"7 or0.000,000,093.-oll~r l1te r. 
Tbol tei'ID. pH hu beMl ottare~ ca c ,.,.,. cocnnillllt llCd W<~rtcbla tora. pH 
1adetlc6Ciu(l)tbeca&at1ulogar1tbaottbolbyd.rclsec· lcncoccutre.ticc 
1c.,ltperllter,or(2)tbel0g!lrltlaootthe :rec1proco.lcttbeh7di'Of;el1· 
loceoneoDtrat101>lc.olaperllter. 

Tbatlo , 

pH - los 1 14) 

"' Tbeplfctcautr<U d ter at20"C . h?tincetbe(l!") 1t110ru.lly 
coca1daredtobel0"7• Alle•to<>Aden~mph, lttbe (H") hlO"" , tbe 

:~ .. ~:u:~ ;::lr ,;~t;::rl:t~0."~~=.·:h~~~=nt20~i ;.~ .. or 
thaditrerllCt degNuotloniutionotwaterat<raricua t u.pere.turoa , 

YarlationotpHot"lataralthTe~~~p~re.turo 

Te!p!!r&tuN!"c) 

0 

" " "' ~ 
'·" 7.10 
5 . 9~ 

'·" 6. 71 

Certll1n10.1bstl'llleeaa:re kcowcwbioh , witb1noertalcl1alt f , tendto 
rellat the cclW!l cb!Ulfle ct h:y~rogec- ion eoneentratloo tcllowlllg the 
add1t1onotanecidor aba ... ThaN subatancuue co.lle4 bu.ttera. 
Buthr l"4';&Ctl<>Ahuplll1nedastollowt: 

Abutter iiCOIIIpOtledota aolutlocot d tba r a salt etaatrQil& 
bateaCI!aw ... kaeidandtbe ...,llkacld,or aaaltota...,akbaMacd 
atr0<18 acid~ the weat baae. Socllu:a acetate acid lllQ' be u .. d aa M 

~~~!' 1:!t!~~ toraer tJPI and ,._,D.l.WI chloride lll>d ...,1>11111 b7drorlda 

:ror a:<a~~pla, 1n a aolut1on ot o.odlwo ~cnate a nd mcet1o IID l d , t here 
aNthatollowtngequillbrla: 

HA<::~B· •M· {~) 

Slcceaeetle aeld U aweakacld , only a """"llprOpOrt ion i cnllu . 
On t he otbe r hand , otost ... ~ •be ~~~t"" a.catate ~nata in t he ioni c torm. 



Nowit""110Uilllddedtotbiaaolut1on,the~ell-10nottheadd..S 

acid !N:IoJ41etelJ' eol:lblnes with the acet~te-1onlen1=« the 11Jdrocen-1on 
eoneantrat loopmctlcllllytbea...,. u1ntbeor1i;1.nalburteraolutton, 
Thl a 011at necaaerily l'ollcno u : 

,,.,,,-,.' 
---,-;uor-

,,, 
nnd u the large acetete-ioneolli)OIItraUon ren~iWIJlracUca.ll:r UDCiu!.~~gtd 
up.onth<ladditionct.....Ue.~~a~~ntacthydrcgeo-1on , Theretcretl!e 
hydrogen-ionconcentrntlcnmuatt!.lacr.,..s.\nllll<:h"'l&edtcraquat1co(?) 
tO&Jli>lY• 

llowuer , 1tebeea 1aeddedtbe01rotthta.ddedhs.nacahlnuwitb 
the H~ frca t he acetic acid . Just aa .oon u the e:rletl~~g IIJ"dro&en­
lonaerei'GIIIo.,.d, tbeaqullibrtum, uabownb:requnt1on{:5}, b&eoMe 
u.nl>lll.Meed • .lloreacatlc acldtbeolonlzeatoreplacathei!J"<!ro&•n-1ona 
:: :~!=z~~~) :u't11 equilibrium 18 re-enahliahad ft6a.111 at practlclll.l.J' 

ByYAryillfltbe relatlYepropa:tlooaotaodiUIIIacetatealldecettc 
ac1d , ao:Wtloototan:rdaalradpllw1tl:l1ncertalnlill1ta, IIIIJbepflpa.r&d , 
e1ncetbtlawofh0100geneouaequ111hr1umllllort.tt1llapl'l:renow1th t h1a 
.l!ll:lture(aaaoquet1on7) . EYaotllro'"6btha (,\1: - l~~e.:rbenrtadh:rtha 

addlt lcno!JOdlumacatate ,tha(Blc)rallllinapract1callJcoutant; 
chYicutlytl>onthl(l!'')..,at""cylo.,.rselyaatha(Ac-} . Standard 
hurte r acluUooa ot a detilllte pH ue prepared troliaairturu otthaae 
CClO!pOI.Indac r othanots. tlailart:fP". &.!cbtQluttonaereacN ateble 
OYfl rlCJ18periodacr tt .. athll.clolutlonacontolc1n&lllll.ll ......... taot 
acld•orbaauwhlchmtg!>thenryeuilychftn&edhy$botOrpt1onof 
earbon d1c:z1da!Z'QIOthea1rorhyAU:!ll1 !roethegl.usocttte.tner,or 
nan h:r t he lld~ed H or Olr !rca the 1011\:...tlon or t.he Indicator . 

lod1cstor8 

Orlao!themcetco!IOOOMthodao!dete1'lii1Mtlocofpll1atoaddto 
tbellllklloomaolut ton~~~:~eppt'OJ>l'iatetnd1cetorot~d a!ltcb theraault111& 

cclorwithh\l!fertQlutiODaofknow:rapB'I'tllllacoct!l.tniagtbe-llldi­
oator, Thloin41clltlll'li100UlectadtcrtblaJlll.l'pOifllll'flforthe..:.tt 
ps.rt-akorsll.l>io&eidallll.dl>!laeawhlcb!lnoal>t.toe:zl.t 1ntwator~~;~ 
p.oase .. lllfldirtol"'ot colora. Bellll!wl!.kac1daorbaaea , tbelewct 
hollogenecutllqlltlibrilllllappllaatcthe& juateaHdo.,.to en:rotl>or 
wekao ld orbaae . Tb.eaqullibr1111:1M:Jbe1od1cetedbythefcllcwlllfl 
equo.t1on" 

~:X: (9) 

Thotwocclo...,tom.aare t hallln'aol"""le"-"dtheln·lon. Thacolor 
ot the 11141cator 1t detel'lllto...! ~l' the mtlo of th<lae twa tots~~; i.e. 
(In}/{Hic ' ) . Stccetbial'<ltlclllllt1pl1dh)'the(H "Jia equaltca 



!•imiH ~i!Jl !(!fr mmm~ !t ~t•' "j' :H ~:i·~ t:;i; 
hHi~Hn ,s,., •"•!~ d!i%n<>.:e_o! " 

~iii! ~~~~! r····"[ m~Hm~ ~! h.& ::1:~l~ liiEi!" 
~n :um ···-· •. r ~~~!~Ii ~ 

mmm illl! ~m; i~ ~ ;m~um 
&""a'""' .- - ~ .. · ; 

m ;Hm r 
,,..,~~: • 

~mi m!i i ;lHh!!H 
~~~ ~!~¥:1 

;h ··~ ,:~ hHi .:. 0• mmm 1! :~i~~~ ~~;~~ i~i;: 
~~ n~n ~ S~J~ =' ~:~~~ ~F;;~~~f 



pH I!otem.tMUoD. rith the lilolllee Compantor !~) 

r..dlatel.J' llfier collec:tton ot tluo we.t e r •""'Ple {2), rtnee 0111 ot 
theare.duatedlOIIl.teettubeeelld tbllntllltotbeOIII.rk, .\ddO.S.U. 
(6)otln.Ucator(3). TlloJ'OU&l:.lymtx(?)thelndtoatorwlththeeolutlon. 
Plac•tbetubelntheoomp&rt...,ntottheool!lpantorna""llt thae:~ur<:oot 

light . Compare rlththe n rtoue oolond&luau otthe sta.ndanloolor 
dhe (B). TM lndtvtc!ua.l gla .. e. <litter b1 0 . 2 pH \II!.IU. By untul 
lnterpole.ttoo, an Mcu.rac,. ot!0. 0:5pHtaatta.tnd ltithe~~tttchl~~&bYth:l a 

-thod. , Thol obM"odpHehouH be oonoctod tortUJ)Cin>.tureftllda&lt 
ett ... t{4 ) . 

~ 

1, 'l'he cellehouldbecallbre.todcclcrlaetrtcalll'&t 20"C . "'l:ainatiU.n­
!~t~~r eolutlona "h!ch h~-.o been checked r,fl~lnst the hydNgon-

2 . Al.thoughthe-.daeccapar!!tor,thel.ftllctteetand.ordbuttereandthe 
HelUga color <l.l.ICI"" callbn>.ted tor uae w!.tb •ter .-plu et 20°C .• 
ecorrectioD.c..,be epplild (etwlllbe aeulaur)Hthet....,.n>.tuno 
or the •ur dtrtara ... te rtau,. . SIIICI It h oddubh to detem.l~~t 
tbe pH '"-dlatel1 an.er collection ae to .. or ab10rpti0Z1 or carbo11. 
dioxide tllknplMeon etlllld ln,gwUh noaultiD&ChiUIII:& Ill. pH, the 
~=!"'~~~ ot the wntu B"'"JJlu Ia ua~el.l1 l eu than that or the 

3 . Th& ;>HotMowat e r leuONallrwltbtnthenll&"otcreeclnod . 

4 . A.ow:lllbeupletned.,..., tl.•llrlater,tt hnecnlaJ')'toe;;>lJI 
correctlootcrtba • tteot ordluohed ealtaa<>dte••pu·atuno , 

:5. 'l'llelilolllleeolordt.oland co"'Pal'fttorare.areconTellie!lttoulo 
thai> the La .lbtte coo.paro.tor block with etaodard to..rtors . n. llgllt 

:~:~~~~!.t::n~~!::~~::!~rl~~~:::: !.,~~~:,';!" ~~ 
theacou.1'11crthot~beottalnedwithtbodouhh•d!l•eo•pentor . 

6. Thlee,... ....,ntotlndl.catorwuuaed iothl prepantionottbe 
colortubeeo!LftllothADdinthtcllllbntlor~ottlleoolordltcor 

theHalUgecc•~tor . 

1 . 'l'lle.ai:z:i~~&1•beet done b)'&1'11-s>ill&tbou;>~rend ottbetnt tube 
betweD.tht•ndeotthe hotlrltfl~~&erell.lldthwob"""thenwhlrlln,g, 

aentrlf'll&illltheoontentlotthetube. 

B. Tb.tcolorottM •tlllldardbuttertubu&"'duollrtad"• 
pe rlod.otobout a,.. u , U.erlllloul4benopl"'led. 



~ 

The pr.Hnceot4h.ohe<lal.,;otrol,.tutll<nCI'Irnto !ncr.~" tM 
tolll.zation otwak ee l~ • and llaMt. Tht• eppUet tGtnd.l.oatora , which 
ar.ettMr .. akaa1410l"llaaet, "11111111 a11t !<>elt.ooUlerweal<ect4• 
Gl" be"'• In ether wer4.t , the dtqohe4 u.ltt ln 1U wur at"hat tho 
4iucx:ht1Cill Gt tbe lll41catorto 8UCh"" ertent thnt t be apparut pH 11 
tnarrorttttb,..t>Mndata:.t,.dllrllll.tchlngwlthbu.thr...,lutiGnllor 
.ttbaw46tccapautor .,luttonotd1ttor.nt ~&.ltcontent , Tbt.alt 
ettectcerrect1onatTilriculchlerlll1t1uhlllbteadeteraintdbrRftaft&a 
&lldlttlltr , I . • \III,Ctwo . Soc.£12~(192!1) . 

Cll.lGrlnttr ~ Chlorinlty Corraatlen 

' n ""·" ' "' ·" ' -o.l2 
~! ·" . ·" ·" ' ·" " ·" . ·" " ·" ' ·"' " ·" . ·" "' ·" . .u " ·" " ·" 

'rO!!tl!r&tUN 

'rt-"'*rorturehnlllln.-he-toplQII.COIOJ>ll:lroltlntbell.ccuNte 
4ete .. lnatlcnetpH. U•u&ll)'thet•pan~turaotthlw&ttrMIII.plolr.lltu 
11 OGIUIIdeNI>ly dltten~nt he.. thlt or th• rahrence 1t1111dard, It 11 tho 
pHintttuwb.tclll•ottntt...,at:ret , dththt•te!!lplr&tu...,4ttteNnc>~ , 
t""ln'Oral.a)'I"'WltinthepHuftiUr-lltl, rtrst. , tl:tedliiCI<:htton 
CGnllt&.ntotthehl4tcll.tGrh<UtteNPtllttlllltwote•r&tur.•,thu• 
glTll\1 dlttel"'nt color• tor tba , .... pH, Tbit ..,,. Ill con.cte<llly 
appl )'llll!lthe!Gllo.dllf!lqUatton; 

:::~~ ~= ~~o~~t !~d~:ihl~~~~":'!; dluool&ttCII 
IJ:PQ..,.ctotthtlndloetorn.rturoret.-per&tuN 
obene::toto.nedet:ree, FercreiOlredtn••olo.~ttcn 
etchlertn1tyotl900/00 ,1t t•O.OO~ . 

t 11 h th•t"'"P"r&.tureotthlocapco.rl ..,n•ta.ldard. 
t• hthlt.-ptratuNottb.Wirt.lrtc.ttu . 



Second, Ht.b.ahlllJ"'raturtlortlwiP~~phil M1'nor.ld-s...,.th1&herat. 
tb.a U• or .. uu...,aent tlwlll at coJ.lt~eUon, tb.a prt'll.Wt aqunU<»! .,_lit 
be.,41t1edb.1eddil!flthaturthercorreetion. 

B i!~.~~tnot tntcalcrtbaiodtcator. 

t'., ta the t""'J'"ratura or tba nter at the tt. oraea ......... nt. 
t• tat lwl taiiJ>'Iraturtlorthenterettb.et1Morcollact1<»1. 

Thaotb.aent1rtlequattonlwlc011111t 

TheClaullectrode(8) 

ltb.at*nrounc!tb.attb.erattadtrtereneeorpotectlelacrona 
thin&laat..-,l'!Uitnpar&.tlllflt"" ooluttou, ThiapotactUldepeodaon 
tM dltterflneaot t he b)tdrogea- loncruto,.atrflttcaa tatMaol.u.ttou. Tha 
petaatlalcrtb.ecallcorreepcadatot.b.a ruentb~ . ll.)'dn>pnelactrode 

~ ~ :r: ... ::~~:~:!el or the glen emplo~d 
T • abtolutatel!lperaturt 
7 • rna '""r"" 
aii• Mthit1otthe ll;ttlrogaaton (W) 

,,, 

Tt..rfltenoc010J1l•t •17aathtactorye:rplanetionorwllya&lna 
elaotrodetuncttouu a raHrfllblebydroceaelutl'I><H,Wt it h prob.­
abletb.attt..h)'d.rogeatonalneoluttcoa:rob.angetoao..ntallt-.itb. 
-tu.toaaontlllwrraca crtbe&l• .. •-b"'""• Thoort~mltlatb.ll.ta 

petant1al , t1a1lutoal1quidjuactl<»>petenthltetetupet....,b....,r­
taceor the&lan. 

lntt e at..,hllt rcmth• &l&•• elaotrodeoonatlltaotatuNtando­
atJ.nc1ntth1a.alle<lbulb, tbebulbcontaiutiOluttonotconlltaat 
b)tdroCanlcaccnoaatntloa , nndftlle l~~et.rodeot<ltrtnttepotenttal,e . a. 

atl•e r cb.lortda a lactro4io ta O. l N b)"droohlorto acid , or a clll<>Ml 
elaotrodetnO.J.Nh)'d.rochlortcaot<l, ' 

Tb..a bulb 1a taaerted In an e:rperiMntal acluttoa """ tbol potential 
MlliiU'fl<lb.1 OOilb.iol.~~& it ettb. a 111itable raterance ""'b." &G&l<>Ml 



Owlngtotbe htshreetshnca otthesla .. (10tol00111ll1onoluu) 
special .. tboda •ut be upl07ed tor detemllling Ur.e :!.11.7. ot the cell l 
theH flenenllyemplcytheelectrcar.etercr ncuwo.tubeclrcuiU, Senral 
cc.wurctal ro....., or ~pp!lr8tua are nMr nailabh wbhb Qllloy robuat glau 
e lectrodu,!IDd ac""'ro...,crelectrometertrtodencuucotubeato-•lllr e 
the potential to about 0 . 000~ TOlt, i. e . 0.01 pH unit wit bout dlttl~ulty. 

ltbot!r.lnterwr.lande:rterDBl ... rtacuottboKleoe e leetrodewere 
ldnnticel it tollowatroaequatlon 1 tlr.llt thepotentUl ctthe deetrode 
oJyate•wouHbt determined almplybythepllotthe aclutlonaonthatwo 
tiductthe sJ.a .. llllll!lbraM. lbwenr•hentheaclutionatneideomdout­
alde t be !UIIbl'tlne are 1denUcel the 1.11,7. ct the cell Ia tOWid to be ! 2 
millholtl, •ben It al>ould be zero. Tbia uall <11tterence ia called the 

~~~V:..!iJ."ir:~:.:lnc!/!"~~a~:·.~~~~:.a:r~!.t:..!:r!:!~:r due to the 

Tbepotomtteluttariuequ•Ucnltcrarenratbleb;Jdrose.nelae­
trod.anryelceelrtnt.Jr.apllnoncelto9alldw1tllt•1racauraeyupto 
pH 12. In ba~~lc eclutione or pll11reaterthrur. V appreciable •~lt etteeta 
beooroeutdelltandlnereuewiththepH. Iceoldaclutlone<tpllleu 
thM one , a.lllliler nlt ettectt dtpended on the alllona be<:Oilt ntdent • 
• \a1deti'OIItbeael1altll.t1onetbe8luaelectrodecanbet•ploydic 
nlr:m&t111171<1mlotaquecuatolut1cn,thleleetrod.teannotbtpoi.oned , 
and l tnotattactedbJo>:1d1z1n&crreduc11181111hetancta ,or organic 
matter. Itcacbeuae<llnburteredtclutlcna , andcaabeadaptedtor 
uuu,.....ctatonry....,.Uquentltletorl1qutd. 

Operatic~ with tin loch electmdu ~nd enended Ieada 

Tbt&laaael..,trodeconttattoraclorJnltel:rtblcslaaa....abnur.e 
throuah wbl~hydrocentont cacatgrate under electrical preaeure. When 
newtlr.en!U'etnoroohy<lroceotonalnthll-rene. Inoro!erthetthe 
traneter thouldbequ!ultitat1nlthesaentleltluotthe-""'eabould 
c:mtatnthet-ooocentrfttlcnotionaftlltpreeentlnlldtthedectrode, 
thllt hO.lNol'llliL Cccatquentl:rlt laceceusrrtc tOUinewtleetrode, 
orcnatlr.stlr.r.r.lnotbeeolcuaetore-.ont!r.oriiOre,tnafOOlutionotO.l 
No,.,..lll:lroreperlo<lcrl2toUboure, Attarthlatreetllt.llt ttahould 

~1~~:\:~o!!""::.~l•• •lth d11Jt1lled •atar and then •tth tbe teat 

'l'hetleetrodetbouldbtktopt lcd1st1lhdor aol'tt reahweterbet•eac 
perJOIItotuH. ItthtuM u trequeat , aeai...Sall:rorottetoer , it&I>J' 
btellowed to&odry,eltbou6hthteahouldbeuo1dtd ltetollpoetlblt . 
Oncethedtetrodohdr:rtoredfiJ'Or.,reit ilueuallrntceetu:rto 
at•e It a tlr.ort t""--lnt nth 0.1 N 11:1. to reatnerate tllol ooMentrettoo 
or !r.tdropo tonto the slue. 



TheCalc.elb.o.ltcellcouUtaotall1nuNo!DIONUl')'lllldealoael. 
•llich 1acona1ud 1n a l!lul t11h1 in the center otthe electrode , and 
1eeurrounded.b)'aiUUre.hdlolut1cncrii:Cl111!1chcODtactathatelrt 
tclutionthro\lg!l e looldy tltt1118&1"QU11d&lan jotllt. 

llhllllltw , tbti!;Z'OIIndglnajo1nt 1aeo•eredwit.b aptecect ruhhtr 
tuh1118, aM thl rubber .topper oo t hl tlllil\1!; optl\111!1 h boutld hi. place , 
To preparettttcell torun, reaoo•t therubhertubi"'onthl&r<lWid&lUI 
Jo1ntaodttttbot;leucollaranuslr1nplaco, Tbenro.,fttherobhe:t 
nopp1r , IUldloo•eotlteccllarto ella. a tewdro)liOttlteii:Cllclutton 
to rw1 tltralglt the joint , Ruet tilt collar 110 tbtre 11 e rua or 1ol· 
uttcllre.,.tn1ng1nthtjo1ct&J:dreplacttherohbtrstopplr. 

D.lr1~~goperettco , 1t11oecanarytoNIIOftthoeat.cpper.:tdlooeen 

the collunuy MCO!ldorthil"d tntwhaothtoheern.ttonae,..he11141 
... a. cont11111oua~ , In ol"der to Ngenere.u the nture.ttd ltcl IIOlUtiOll 
un.duthecoller. Tll.ittllctrodt ehouldnnerbeco ... dry•hlnthlal.an 
collertetrlplact , KClcreepeandcolleraio:ee. Ctllaqhlhtt 
s-rMd inPlre•oter, ortbe collur...o•odandthl tlpco•ered•ttb 
robhertuhil\1!:. 

flleln•lotthe11DlaollltlOn1ne1dethtcellehouldDn11rtill 
helowthll11nl ottbeupperKil;l or the aJ.eu collar. 'l'luo call at:~ 
hettlllld•1thanture.tld110luttonot1Clth:olllhthettll1rcope111l\l!;. 
O,.eortii'Ot1eyc:ry•UlaottluoJ"ll"'NltehOilldbeedded•tththl 
ntlll'Bt ed.alutionat ••eh tilll"'o butthi11CCU.Ul11t10notthiiiC1'J'I• 
U.hahouHnotheahont!uo.-al.lhola illtlul&rou!l!tt,. 

Tbee:rtondedln!e 

'I'Mleedeookete1Dthetrc11tpa~~~lotthell&tlre"IIOtd1~11 

lllitt!totlulao~~neottono!ltlulludtrcatbeglneelectrodt . An 
adepttr 11 pro'l'iot.d h.n1.1111 a weeluorccnnection 011 the ou 1114 to tit 
thlaJ. .. •el.eetroi!e•nd•pboDt,lut:oAthlothtrtndtotttthll••d 
eoolcn in. the ill.ltl'llaant, 

Thtsleutltetrodellllat 11l•an haconnacudtctbeuppertanotnal. 

Aabiddeolcebleertell81onlead11pro•1ded , cuSI4of•h1ch1e 
ttUidwl.thhothnehlr ""d eocl<et ooll.llect1011•to tltth•tl.ectrode 
!:tr:!,~e,andtlulother..,_dhtitttdwlthphoneplugetonttltt 

111 thiThtMt-:t~• win eo..,.ecu thl Hhn electrode to the up111r lud eookn 

Geure.lOpeNt!on 

P'llttlulftitohintheupperletthllndcornerorthtJUtarp...,lto 
pe.tttonlalldeait 11 r .. •tnute•unt1lt!uo&al'OI.IIoaeter~~t...Ueco•• 
~~ ::. 011 the aeel.e . Mjust l<.noh l and ftmier unt11 tbe uedle NIJte 



Repeetthtl>roceuof"djuttDlntuntilthego..han:aaterne..Ue 
II.U\111111 zero nut forelthtrpoa1t1onofthe ..,iteh. 

TheJIHcftht t .. teolut1cnMynowbecburvodb1PlllC111Sthe 
elt etrodu lntheaclutlon , pu ah1ng4ownonthebutton lntbtcecttrot 
t helargedill.l.'androt•ttnguntlltheglllv....,_terne..Ueae......,auro 
...,et, It 11 e<hleabh to check the uro ""'t of thl n~tdlt at Pitch 
poe1t1clUil and 2e.tteruchob.er..ation. Thepllh t hot illd.lcattd 
und tr theerouwlre Bbcnthehrge41sl. 

Thttempentureottbe teetsclutio.ntboo.Udbtdettr!tlntdandtlle 
tl!llpOire.tl.IHCO!IIpellHtor set 11.t theobaero..t ftlue. 

i.glaJittlt ctrodelanot t yMtrical . That11tbepi!UalW8.Jie 
littlt lue thlult lle c:wunt lnd1catedb1tbe curretlt nowt~ . 'l'h11q7 
bteoTI"tcttdb,. theuuotthezeroedjurtardurtagthet .. tctescl­
utlonotl<no ... pH, 

Totutthalnatl'Uilt nt,tbcrtclrcultthel• ll.dtocll:ettlnthtt:<>nt 
pllnaloftMlnet~nt,aett.b t t""'Ptre.tuncol!ptlntatorat20"'1lelld.tb.e 

plllhwldHad? , Borcanbe br01141bt tot.b1t vll.lutwlththeuroedju.st.r . 
lnthle t utlt l a usuflilycnlyneceu!ll')'tooburnthllt tbepHllu 

~~:~ i~ ~~:.;:;.~:~b~z~0::~:r'~. ?.t end 8 .2 to h mmd that the 

IrthtllOVaMnt eofthegelnnolleteraHerre.tlcelcoaeccDnectinn. 
it lndiCII.Ud, C!ltell:over e.ll outaldeconneetionsa~ it~~ecuaaryrsiH 
t!l.e1nrtrumen.tJ)onelan4 1PIJ>IICtthebatttryconnectiooe. 



COLORDIETRICAIIALlliES(5) 

Ina;&nerlll , eolcrimetrl<:.n~l.Joconal.Johin..sd1z!&llr&a.~:entto 

&solut1onc!th&tutu-r.t.anc&in&uch•llaJ'utcproduc&lltClcr. 
Thebuia c! colcrillletrru.y-r.at&t«<u!cll.cws: Whenequ&lheisht• 
crthicknuaeac!t""'""lut1CM pv.theaUII!Iintendt.yotcclor, th& 
ccncMtrat1cnac!th&acluUOflll&rtl&i4tob&equ&l.. When &qUill color 
intensUyhcbt&ined!rcad1!!er_.,eaheightlc!twcttCl.ut1ont, the 
ats\IIIIPt.1onl.Jocrtan•d&, in aeccrd&ne•lfith8e&r'•l.&w, th&tU.ecan­
eentrat.iOI'Illara1nv..,&el¥Jli'OPDI"t.icnalt.cthahe.l,r;hts . WhihA&l!J' 
colora!oll.<JWBear'al.&wall!!1c1antl,ycloael,y, rec..t.cclorilroetrlcwcrk 
makeancuaua;rt.ionat&U. Theamcunto!cclortoroachconcentr&t.ion 
iaobtainadbyltan:lardisat.ionwithuchsu-r.t.anceund.ert.he con:iiUon1 
tounc! in a.v pt.rticular deteminat1on. 

All& .. t.tero!con1'enience, anillllotoinaur&gre&Urprocieion 
ani speed, a~ci&l !oru ol &PJ*r&tWI han been denlopod tor woe in 
colorimet.-y. Manyotthe..,recOI!IDOill,:rwoedlnati'\Benh ll'&deacribed 
1ndetell1nthellt.eratiU"D, The .. thod.employod1n..,.tchingcolora 
m&ybea;l'Ollpodundor!ourheadl: 

1. St&ndud aerlc• -thcd, 
2. Dllut.lonmethcd, 
J . Ouplleat1onaethod , 
4. Balanc1ng•thod . 

St..nd&rd Serioa •thcd In thie llOthod the a•pl• •elution con~ 
teincd 1n a &lUa tub. (or cell) 1e diluted to & d&!ildte 1'oll-, aixod , 
and its color cc.p&red with a ~cries ol sl.l.ndarda ti.ail.&l'l,y prepared . 

In..,..,cuoaithpo.,.iblo , and~beiOONoccn...,nhnt,topre­

po.roaaerieao!pc:wulmtst&ndardabyae&ru~o!aolutionll&ndaixt~a 

~!~~~~~!.c;~~ ~~t~~~ ~~~~~~.~:~ 'it !:h ~~~~. 
u .. ployed , .... chaolutlon-t, o!coureo, bestand&rdhedag&J.n.te 
lrncwnaaQuntc!tiMior.l,r;in&l.tubet.ancoandundorldent.icalcondlt.ione 
u&aintairo&dirotManal.pholaaapl&oltheS\lbet.anca , CaNIIDlSt. 

~~= ~~t:-1~~ft: :~~~o;u~~c~ t!h:.•:,!:m~ . penoanent. 

s,..t.~itbagreetconTen1encetowoeanriuotcolored 

gl&en= as atano:l&rda . For exuple, cobeJ.t &1&11 hu been found to 
.. tchth&bluecolorolc&rt&in1'&td¥91redUCedb;rtlkl.llnesod1~ 
hnle&ul.!ite,l Tbeuoeo!th•• pen~~nent.atand.aroapr<>Ted&gr&athelp 
in reaction Y&loc1ty •tudlaa 011 t.he~e dyes wh1or'& it .....s n&eeeeary to 
111!\kerapiddete..U...tlonaeve.-ytewortnutee and , slso,onaccounto! 
the!sctt"--tthel"educed~tarereadil,yo.ddisodb;rili,ano:lthere­

!ore afro:os~prop&r&dst.and&rdwoul.dberequir«<ter.,.chdetel'llna~ 

t.ion . 'the platn ot gl.&.as were standardized apinst 1mcnm ""igttts ot 
d7e reducod under standard cordiUcna &nd ,....,. &lwqs pl.&ced i.n the 
colon-ter i.n s definite podtlon to a;usrd agsinat intl"'due!n« an &l'l"'r 



d\UI to acy in-egularit:y in the gl.an , In uaing colored slun• ,... 
perma.n.,tatard&rde , sreate&r<~IIWitbetakenthatthe~oteol.or 

U&Ctl;r ~~~&tehea that or t he test aolution. !'or e Dll"ft detailltli d1D­
CUIOdonofperuanentat.andard3con&UlttheMOfeNnceaonetandarde 
siveninthaaibllosrapb:r. 

With aeerieaotatanda.rde , thePlOW'Ito!aubat..nceintheeample 
b obt.ainedd1rectl;r, ainoe i t h equivalent to the .mount contained 
{or repMaented) in the 5tanc1ar<l llhi ch it matches in color intoneity. 

DllutionM~od Ittheaampleandatandardeolution.a,'olhenpl.aced 

~*'t~:~J:~ ~~=~~~r.~ :na::n~~;~rc~~r~~~~;r;~:~ 
coocentrations areidantica.l . lJeuall;rthesolutionsdonotru.tchin 
color intensity, and the darker one is thoo <1lluted until a..atch is 

~~~edt;:-'...!:·t~~=-.~~q~~tA>T~l~~~:rt~~~!~1~ . , 
c&lledthed1lut1onmethcd . \lh::naampleand.atandardoolut1onomatch, 
theirconcentratioM a:rethn &&l!IO , and , honcc, tho lt(lighh otthoeub­
stancointhetwoaolutions arodirf.tct.l.ypr<>portionaltotheruapecti<fe 

~-

Dupllcation.,..thcd Theelll).pleieplacMinaglaaa tube(orcell) , 
dilutedtoadefinitevol\1;1\e, andmix&d . \laterhput inaaWl.ar 
vanelao:l the same reagent (or reagents) !ldd.ed u u:~ed to produce the 
color with the aacple . The vol"""' in this "blank~ should be a little 
al!lall.,rthanthatMthe&al>i)].eaolution . Nsxt , a relativel;rconcen­
trated sta:>Ciard solution or the s ubstance being dctemined h run into 
t he "blank" !l"C1111 a bUNtte until it.. color .... tchea that of the sacple 
solution, the tilalobaervation beJ.n&.ade alter tho "duplicat e" hu 
beonbrou&htuptothaa.....,vollll!lllu theHIIlplo,b:ytheadditionof 
dilltilledwatar, &n:!thoroughl;rlldxed. . Theamountofatao:lardaolution 
required to make the "dupllcnte• is a .,.u....., of the am<>\lllt of subatance 
inthe,.....pleaolutiO:I . 

tion ~~~~:~~ri~:)..,inu.~r~~~~~~ ~~~~ t~~-=\~~u-
n;nning into anothe r ail:i.l.l..ar tube a ~t aoo·ard color solution until the 
coloril'ltenait i eaofthetwcarethesame..,envi-..:lverticallythrough 
the l ength otth• coll,l!:lru,l of liquidB . llhen thus ~t.anced." , the con­
cent r&tionsottMtwosolutionsarein•teraehpr<>p>rtionaltotheir 
h!!s!!!.!(notvolumes)in t hctubes . SehreineiJ<.pointsoutthe.t 
"curiOWIJ.;reno>Jgh,thagraduationi..'ltocubiecentimetershasbeflll 
carried. over to the cyl.in<lenWJed.inmanyotthese instruments (bal­
anei~orpl~mgert:ypoocolorineters)vhenitispertectl;robvioWJthat 

itiathelwoightcrtheatandardliq.~ld..W.chdetominesthoat~ 

oftheunkncowneoluticn• . Otcourae,itbcththeeomplean::l.atandard 
tubeahavethe a.,..,diameterar>CitheboniBunitormthroughoutineach 
tube,thenthetwcconcentrationaare~inversel,yprop>rtionalto 

th•ir~llhentbe colon arem&tcbed b:ytlwobal&ncingr:ll)thod. 

5uebun1fo:rmitylncolortu~1aha.rdtoobtain,an::l.hunnocceaaar:r 

-..honthobal.&ncJ.n&!Octh<XI ia=ployed, unlesathehi.ghostde!;roeOt 
pMOciaionie required . J.!oroovor,thouaoofthecubiccentilM>torecala 
in sraduat J.n& the balAncing or plunger t:rpe colorbwtrlc app&ratua ia 



_, _ 

ln.otead<>fplacingtheaampl.esclutiminthetubolan:lehanging 
thehel&hto!tbeatandardcolumn\L'lt.iltheeolori.nteNityiathetu.e 
&athatintheunlmolm , ar:oeu\lredheighto!at.andardaoluticn~be 

plaeedinanetul:>t;ardthe&llllpleaol.utionr-.lllintotheother\11\tila 
color•tchiaobtained . 

The bo.l.ancing "-&thod 1.$ b)' !&r t he SV$ediest o! the tour proeed~ 
uruabovementioned , It is also , in general , the110ataccurate, pre­
tided theprope;rcond.itions&"ol>llerved. 

The chr.ngeinthe height c!a">lutiQflhu "-""aecOIIlPllah..tina 
variatycfwayB , e .g . , {1) bydroPJlin&!rcnoalm'ethintooneo! the 
compubantubea, (2) by Pf'OVidingone or OOth o!tt. tubN with a 
atopecx:kn...rthebctt.ota , ())byconnecting, byiiiC&nllo!aaidetubeat 
the. bottooo , wit lla rnei"VioriOhicb pendt.movinj the aolution up and 
down at will , and (4) by eh&r~gina t he hei&ht by'""&M ot an imteroion 
pr iSIIOrtube . ThentYJII!scfinati"JJ!lenh aredeacribedindet&ilin 
the literature. 

1. Thocolorproducodbythorcagflll.tmustbech&racterht1cof 
t hetoateubat4nca, or , incasoccr t&inot hcraubstanccsproducethe 
:::n~~lor •• does the tett subatance, then mutt ba knOI<Il to he 

2 . The«olorpro:lucoodl!rthere-.gentantltestaublt.ancaiiiUSthe 
t.ha onl:Tcolor JrUent in the aoJ.ution . In,._ cues the presence o! 
'"I78ZIIIl.l.aaounto!torei&ncolorodtublt.anceintheiiUIIpbsolu­
tionroaybecOIIl.peneatedby"uaii\B&Stan:lard rlththa~­

t ion o! the t or rlsn substance , For exmple, a titaniUOI.Solution con-
tarn:rn&ta~~~all t o!terric s&ltaJM.yhe&ccuntUyoQ&tched 
q..U..taatandardtitaniUIIsolutiontowhichllatbeen.oddodhrric 
lonaautticlenttoequaltbe coneentrationo!the latterlnthetut 
solution. 

) , ThesU!Pla solutionllllll!ltbecolorlesa, or, Ucolorod, this 
~~::e:""'t be .--oVfld by there-.gent or by sene other step in the pro-

4 , ThBSUipleaclutioniiiUStnotcontainan.rtoreignsubolt.ance 
10bichwl.llgiveecolorcrprec1pitaterlththereo.gent. 

s. Thecolorprod.ucedbyt.hare"€entiiWithereuonablJ'pe,.,_ 
&nOnt , i.e ,, itmustnottadeaonpidlTthatanaccuratecolor cce­
parbonia impossible . llndercertain,..,ll-detinedcon:l.itiCfUiitia 
aOIIetizoMposaibletcemploy a tairlyunateblecclcrantlstillobtAin 
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a satb!&etor," quantihtive m&Uure:oent. Sueh cuee vUl t.. t ,...t..:l 
in t he t.vt.intheirrupectiveproc!ldlll"<!s. 

6 . Neithertheintenaitynorthe~o!thecolorprodllf:.edbr 

the reqont and t •t aubat..ance .... t be &!!ecttd b)'t.he PNitnce of 
nohtivel,r h1ch conccntntioml of elec:t~lyt" llk•l.T to btl pr11ont . 
In certain uao1 1t h necenary to &djuat very eanfuUrthe 1171tro&-
1mconctntrationbetoreanaccurate«>lcrcc:apari.aonc&nbelll&de, 

TotheaboveiJI&fbeaddedcert&inotherconditionsvtdchanode­
eiruble in a colorilr.etric aothod but which are not &l_,a required . 

2, Theoolorebow.dbeooe""-"ytodiat!nguilhandtolllol.tch;for 
ex.ample, blue, r ed, ueen, etc. In thh coM~&etion it IIIIJ..!t be ..--... 
boredt.hetanopcrator~haveadullo!i.llper!octsii$CGpl,ibillt7to 

onecoloranclatillbeableto-tchothercoloMJ>d.th&rN.tpr.cidon, 
It h tberet,...i.Japort.ant th&t he t n t twuoU th~ for each 
color by•t.<:ldnga aWnd&r<l r.gainat itultin uvoraldegr"'!u <>!in~ 
tensity, l!concord.Mtrcsulharenotobtainodvithacert.aincolcr, 
i t h uaolM&for Ilia to go 1'urthorw:l.th U\11 color, 

), Thol~:~~thodehw.l.dber&pid., accurat.e, .nd nnaitJ." , , ...... 
quentl:fone, or ufbe t...,, ottheaequalltin ar~ncritictd in order 
to attain the .,,., deaired third quality. In s-r~, color1Mtric 
llet hodsarere.pidandaccll;l'&te&ndotten &,., delic&t eenou,ghi.O dlhr­
llln• QIWltitatin~OMparto!t1'4 tests\1blt.anceinaner~hunclred 

t.l\owlandpartaot-ter , Sca.areeoseneitivethatonepartottut. 
aublt.ance-;rbldetect..:linahundr.:lll1.llionpartaorwater. 

Accllf'agotColori&ort.ricMethocls llogeneralstat.o.entcanbl 
IMd.eutotheaccu.rac:rOfcoloriaetricr:ll!lthod.a . s .... colorimetr1c d6-
te1'1111nat10D!Iaft beenbr<nigllt. toi11Ch &higbdegreaorpretectionth&t 
they tar aurpue vaviAetric or TCl lmletric determinatiOIIJI in accurac:r. 
Ontheotherhand, aan;rcolori.utricmetl>oda ue~roughappro;d-

.. uons, Thoseappl'CldMte ... tl>oda,howeTer,aerve apurpoee, rcr in 
1\lt.llcuea- t'recp.lentl.¥b&T11 f\OctherA611ll& otdeterailtinf: theaub­
st.ance;or,uo!t.enhappens, a very~ -thodM.Jbflll6Cesaacy, 

and.acol orilletric p-aclld.ura, a lth"""«h ih re1ulta ueonl.yapproxi­
aate, mq-t thia requir&l!llelrt, I t ia botV<lenUte abovetwoext,._a 
ot -.c<:urscy t hat .,It or the coloriutric ...,t.l\<>9 Ue. Attontion bu 
ortenboencall.:ltotheext.ruudogroeotaccuraC)'att.ainabhin 
coloriMtric •tl>ocb wtlon J)l'Operl,y carried out ,,,, "Thora i.lllttle 
dou.bt.tbatthdr accurac:ria_.arre-quent)3underotti:::atodtbanoYer­
oat l..mo.ted. Thili.l duato&n11Cborotcawoca, ch1at...,.>lllicb&rfl 
the l.nabillt:yonU>Cipartotman.yperoonatcjudg<lcoloraaccurateJ¥, 

.contaainl.tlmM\lltiM.id.-athetntt, the111eotillpurerea,genta, and. 
the~t ottault:r&pf:&r&two . Practiceotill do aa:reatdllllto = :': ,!;.;f.,:t1:=c~~~~~W ~!1!~.~ ~::~ ~:.,IT.,.;o:~ 
begi.,.nto t bi.lpointinWiirl4!;colorillletr1c-t.hoda. 
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Seeed.ofCclorimetl"ic Methods Min the cMeo!accurac:ycolori­
,..trlc ""'t.hoda vary 'od.deij tr<n the et.and.point of a peed, s._ aroo 
on..-ly r apid, requirecl only a r- ml.nutee , llhiU otheMI are ver)' 
elowa::v:lt..U.oua, espooc14ll,y1!thahighutdegreeo!accuracybd,.._ 
tired . O!ten.!££!!!::!£lillncrificodfor!.E!!!!! , "lndoov141n&colori­
""'t ricllllthodathe r eh&vebeentwomo.inobj""tathr<>U£1\QUt , ...,..ly, 
apeedandahilltytoutimat.ea.m.allamou."'t~, bothc!vhicllarec_.. 
to lllllllJ' or thaiDIIIthcds , but not necenarily ao, A colort.etric Mthod 
!II&Jrhavaspoedand)'lltnotbecapoobleofellt~tin&very._ll..,\lllts . 

Spoedb, thro~J8hneceuityperhape, o!thegru.tutimport.&ncetothe 
"<>rbchoaiatan:ltcthetr-"'rana~t . Theabilltyt.oeat:IJ:o&tevocy 
"'""ll...aount&olmterial, hOVIlvar, hotthegreatcatimport.anceto 
U>emodernirrvesUgatorinthotieldso!purolll'ldapplledecienc:oa, and 
to hill! speed ill or aonl.yaocondary1Apcrl.ance1Clnd.Hdhfln.luea1t 
&t r.ll. S.- of the IDI>I'e:re<:entlydeviu<l colori.motric •thoda "'"'!(Jr 
thhvery"rouon!ullyulaboriouaandperha])l OVOI\lDOrtlt.ed.iousthan 
!hagravilllotricmethode,ar.dtheJ.rownvirtuclloeinthefacttheyean 
be wood in dotominina wooWlts sa lll:llll.l that vaviaetrle 118thoda fall, 
and , honce,U.oyprvaontalll&atlsofattac!dniprobl.eaavh.ichhithorl.o 
hadb<l«1imp::.Blbl.o ofinvoetigaUon. 

"!llechcieiOKhothor a gravl.aotric{cravclumotric)oraeolcri· 
""'tric•thcdehculdbeuM<Iinagivoncasellostlwz-otoroalllloat 
whol.lTwithinthatclusofcolorlll\otric Joet.hod&..nichhavoboon do­
Tiud for speed, an::! tho question in thb cue h wouall,y <lrll7 one of 
COlllpOlr&the eccuncy aa bal.ancod by tho gain in time , Thb pin in 
timema.y , llo'oever , beotthout.cetillportanc:10, notcnl,yil'la..,na 
labor&tccy, l:oJtilioina scientific investigation..tlor'Oit b necosncy 
toknow thoamountofaau~~copresentet&n)'givenU.inthecourse 

ofanu:per~t",? 

Inspitoofcert.&inllait&Ucna•thecolori&otor"i.sccal.n,ginto 
WIOIDOl'IOandiiiOroavoeyd&ybocausoofltaiUUI-rtothod......-.l.in 
noarl;y~ocylaboratoeyforspeed . Colorl.II:IOltrlcmothcda ,uaodbocauao 
oftholrapeod,givoruulhinfivominuteatoonohour fl"<<lllthotiae 
thetestiabagun>thichhinallcaan lonthAnhalfthetiae 
a1allar tuh could be allld.a by other II>O'lthods {coo:opt perhaps potontio-­
... tricmethods) . J.lead.il\llbrass>IIU'lut&etoryoft.hacountl'y(IJnited 
State•) obtainsan anal;yab or its brass tromtt>o 4boratory within 
rortr· fiuminuteaattorthodolivccyo!thea.emple , Otthefi"con­
stituenta dotondnec!, four are dctenldned by coloriloetric lllethods" ,S 

tJ.!itaofAppllcaticno!ColorimetricKethcda lngtneral , a 
color!Joetric...,thoclc tbou ... d.menmorethancneort..,percent 
oftheaubotanceboingdetcl"!lin&dhproaentwithoutroaortingto 
allquotpartaardusing aportionotthesolutiono!thea&lllplainataad 
otthe llholo , Inthel&ttercue it is, otcourae,naea•a....,.to...,._. 
aun t.h• diquot pArt u aceuratal;y u th sample wu ....aurod, other­
win U. tinal ruult will be in error , 

.+.totor t holoworl.imitofa.ppllc&tion, itma.yagLinbopointedout 
t.h&taanycolori.moltric r<>Aeticruo a l"ffsonaitiwenoughtodatectcna 
part or tc't •ubot&nee in nveral ..UUcn p&l"t4 ot water and acme will 
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datectonepartinahWlll.-.clmil.l.ionparho!-ter. HM!ce,byu.lnc 
a large -l«ht or th t~e utar1&1, or a l&r1e TOl,_ in t.hoo cue 
ot aoluti,... .,.,_ them oonc«ltratisli br en.porat.ion, ut,..el,:r -u 
a.ow1tJ uy be datend.nod. 0! cour,., the du of ••ple U...t. c~ be 
handl..Sn.achnapractic&ll..i.olit . f'or,....ph , alon&tboel>ore­
quired!orconc..,tratifl&l.argevo~otl.iquidland&re&tcareDlSt 

betakomtoprentntcontaaination!~d\l.!Jtparticl.es , Teasl .. ,.tc . 
Furtber.aro, var1ou.t&lhllllifcl'7"tall..iuoutdurinJenporationand 
oecl!Oda._ott.heeubet&n<:ebeingiiO"'ht, oracart.Uncauotit\lent 
10h1ch h&e"" etfe<:t in tbedil.ute uaple1119'intlrfen. vhcn 1tllcon­
CMitr&Umhincreaaed . 

Insp1t.eo!thelll&n7r«f..ir<Gent.aiapoaeduponcolcri1Mtric-tho<la, 
1t11111Jbeu.l.dthl.t, ingener&.l , theyaraappllcei>Ut.oconcMitration. 
ot one or tlfO p ... cent dawn to ono p&rt in a hundred aUlioo, b,tl tllosa 
llait.llliTbesrto>ndedunderproporcon:lit.ionsaapointedOiltabova , 

l . C t, H . A . Fales,InorpnicQuantlt.&tive~h , p.5 • Th• 

CenturyCo . ,l1~n~York , l925 . 

2. ~ :vit.d~dc~~:.~~·<i~~ rnst ., w. 199 (19l.5l : 

J , J,H.YoeandG. Bdgar,J . Phyii . Chem. 31,65(1923):J.H . Hoe , 
ibid , ~, l2ll(l921.) . 

t. . J , Aa . Ch•. Soc ., _ll, 1198{1905) . 

S. J.H . toe , J . Lab . Clin . Med . ,.!J,1J9(1927) . 

6. O. Schreiner ,J • .I.m . Ch-.Soc ., n_, ll96(190S) . 

7 . O. Schreiner ,J , Aa , Chetii.Soc. , 3J. , ll9!o(l905) . 

8 , F.D. Snell , Coloriaetr ic Anelpb, p. ) . D. Van Noltrand. Co , , 
N..,Tork , l.92l. . 

Tbecq ot l!!l!neingMet hod (!l ,9) 

S..r •• law, upon vhieh colorimetric eheaical ~· b bued, 
atatea that U&ht inpa.NiJl&thr""'haeolo....:I..U.,.aat.orbedin 
dir.etpt'OportiOllt.othl>concentrationofthecoloredaub!ot.anc:a . 

1M exprndon of the "l.ation betVOIIII tM incident intenaity 
~=~rulll.Unt!;intellaity l otthl>l.i,r;htpauin&tllroll&htbe 

I • 10• - pL 



- 7 -

Where p hthe!,..cticncfJ..i&htabeorbed.illtravenb\ilmitlen&tll 
or the ..u,., L ia the bngth or the medi..,, and a b the N&P­
arian log.rit.ID.ic bua , But by Beer ' a a.., 

Where Ct h the concentration o! the colored ~ublltanca in the moctill!l, 
and K 1a&CO!'I:Itant , 

There!on in anycolUWto! length LJ_ o!acoloredaubet.anca, the 
reaultantintenlityh: 

In aaacenl eol~o!lcllflth ~ eontaining aconeontration C2 
o!thct .. IOcoloredau<>ot.ancaundoraqual.ill..tn&tlon, thareaultant 
intondtyb: 

ThWI1neolcriaetr1c~ilo 1 regal"dl.easo!thc r&diio! that1Jbos , 

thehai&ht• o!thecollllllllainthetwcm.aUhed tu't>osareininvern 
Pf'Oportiontothotconcontra tloninthoea tubea . 

Meuur.,.ento!Concontratton 

Fort.hepurpo~~eo! ea.lc~tingthaecneMtr&tiono!an~aed 

aupla , the hei&ht ct the ueidu..l celt.='~ o! solution in tM CCQJ>~.ri­
aontube aftercolorilwtr1.c ... tctlirla ill ~~~euurod.1ntc...e o!theheight 
o! thast.nd&rdtubo , Tharull.t.ionbotweenthH&he1ghta , theeon­
eentrat1ono!thestandard, andtheeoncentrat1ono!tke aa~~plem&ybo 

developed, 



l.et A (i.'l f4m•e 1: beth<! otarula:rdNenler tubeeont&in1116& 
vollDO"'ITll.2r. ot a ot.or.d...:l eolut1on ot eoncentrat1on C, wherfl R 1e 
thero.d1wootthetubeand L 1ethfl$t&nda:Uhef&ht . ThNithere­
agentsaddedoc:cupythevoluoe~1otle"' a 1etheaddit1onalhe1ght 
1nthetubeoc:cupi&db,.the "'&genh . The c:oncentre.t1onotthe otand.­
ard1n A,atter.u:tngn<>~tbecomeo CJ.,IO!Iere 

C.l. • C Jt nR4~R~R2a • C XL~ a 
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Cs • cx!::di...!....!! 

' ' 
Con.eiderationo!Utiaequo.t1onleadatoeeveralccnclwoion5 

which allcw ita further IIOdifieation and jwot.U7 ,,_ Uapl.ification 
of t-elvdql.le. It. will b8 obclti"V""- t.~t neither the Yol\ae or req""'ts 
add..-itot.hestand.ardnorthernpectinradil Rand r o!th 
atalldard and c'*I'U'isoa tubes appear ill the !onoula . H.,...nr, all 
tubes.uath&VW&II!IUo,.radiwothrouct>outtbeirl~. Porcon'!'eni ­
.ncao!interc:h.an&abilit,", tubc!sehoul.dalaohneac,_,.,radiwoln 
ordartll&tt!Mo a~c!Ardbei.&ht L wUlcontain&«CCICCIYOl.,_ , and 
inthiauaetub .. vithl.OO=l..caf"'cityll(lre•plo)"""-• 

S1Jlopllfie&Uono!!<!uation4 

(a)TlwoTOl.WIIIIofreqont.&ddodtolOOIIl , ofa~oraample 

b l. ,O, l.S, and 2 .0 Ill . in the p!oaP,.te, ~illcate , and nitrite teat& 
retpectinlJ', H.nce b, the height by which thef'O*f!;Wlh 1llcr'M .. 
thecollllli'IMia;ht R oft.he....,plet.obeanal7&ed, variu!raaO.OlJI 
to0.0211, BJ"&ui.gninaprobebltn~aCriC&lYal\leato!o1'1111lla4,1tcan 

be aeon t.Mt the adoption of a_., value of b • 0.01511 introdll(:ea"" 
erroroflusthanO.O:l%1llthoc&l.cul.atodv&lueo!concentntion Cs 

(b) lfttuo radii Rand r of tho atandardandccaparil:ontubea 

~:;:,·~~~~~~=~~~t~ ~in~· i~ !~;..~': ~t~:r::n~.-:;:1..:·. 
eerlOtUOerrorinthtcal~ul.at..tconcentration c9 • Bet-the liberal 
l.illih o! H• (l!O•l)Lj thiscrTOr<1oosnotucMdO • .,:, 

can r!;•;:t:;:it~ ~:n- o! the above two l.ppl'OXiJMti,..,, !o:wul.& 4 

wllich 11 the!inal!or.ula~cdinphoephata , tilicate, and nitrite 
detanainttiont. Itde!1n .. the.au,ghtconc.ntrat1on Csillhruo! 
t!Moconc .. tration C o!thoatandard, t!Moetandardhei&ht L,and 
thehei&htho!theliqui.dinthec~ntubea!tereolor-t.ch-

'"'· 
8alancin&-thod,withdistilledwetsrstandarde 

Ithn:l.d .. trr..(b) t.hatthscomparl.aontubotus.:lne.:lnotbe 
till.:! toa.n;reuct heJ.&ht, pr<>rll11na this hsi&ht h within].()!~: c! 
the atandard IMi&ht L, Thh t.olaranc. a o! ccnai.derable adT&ntage 
when wol'ld.n.r; aboud ahip . 



T!waametoler&ne:eappll...,tostandarda~bydilutiono!a 

known.,.,l,_o!concentra~ stand&l'l:lwithdistillednturinthe 

at.and&l'l:llfeul.ertube, h-aciloed1lut1on tothedNiredconc..,tration 
(i , e,,toetandardhei,ght L)isunnecusarye1nce~error1nthe 
.,.,~o!d1st1ll.edwateruaeddoesnotapprec1abl,yattectthecolor 

intlfiMityo!thel.:l,ghttranWttedthroughthelengtho!thecol.uBn. 
Howev-er L IIIUStberet&inedin!onwl.a5. 

Whenusl.njat~ardaolutionsalra.dyaadeuptovcrl<in(concan­

trations , it ia esunt.ialto!llitheatandard.trualutuba to u.a(:t)J' 
thtohai,&ht L, 

Tofacilltatet.heprocedure, ungraduated,t.o.l.l.coapariaontubee 
withdda.,.pl.acedaWut 2. 5ca, frca.thabottcaarep:"C'''ided . 
Rubbertubin&withapincbcocktittedtothad.daan:: penaitathto 
lavaloftt.allqv.i<linthetubetobaloweredwithoutruoY1JI&thetube 
fr'QII the col.orblater. A Ht of tillMitched 100 mJ., lfeuler tubes 
lll&deottheesmegllaeutheco~:~parlaontubee,eerveuatandardtubee, 

In practice, the atandudaolutionhplacedinoneo!theNueler 
tubes , ardthea..,leearatreetedintheaidear. c<Dp&rleontubee , 
Theet&nd&rdendo>Ho!thetreat.ed-plearepl.acedintbeeol.orl-
.. tarerd thellquidinthl co;mpubontubelcvoredby....,. o!tha 
eidear& untiltheirlteneithao!thecolorinthetiC)tUbeiiPPfl&red 
tobeidentical. Thereq.>.ir•d• .. ~ntearethen"""-•• 

!naeantar cheml.etryitU !requent)J'illlpouibletoprep&re 
u t htactoryeolorin>trlcet&n.darde!romdiatilled-terbecauaec! 
the "ult arr<>r"in tru. color deT<~loped , 

TbeconcentrationotthaeOII&htconstit"'enti!JIJJbedotermin«iby 
notiz>l the prop~>rtionalinereent in ccneontre.tton ruulting !rca the 
additiono!aknOMnamow'lto!tbt.toonttituenttotbaBf..lqlle, 



LetA (infi&Ure 2) booeNtsdertubooo!radiWI R, and tilled to 
tl'laatand.Ardlwtight L with a s&llpleo! sea weterconi.A!.nin&anun­
knownconeentration C, o!theau"'-tanubooin&invut.i,&&Ud . Then, 
afterll.l..xit18witht!leneceseuyreagenh , lfhichoccupyan&dditional 
height a inthe tuboo , theconcentrattono!thecoostituentin A t hen 
bee'"""• CJ.,><her<~ analogouatoooquat1on2 . 

CJ. • C X L ~ & 

To a second a >dth l".ldil!.!l r add a ....,'Ired YOl'- ot a atand­
&.l"dao l utioncontsinit\g acoocentntion P o!thec<¥>&tituent. Let 
thbvol..-oc:cupy eheit!;ht Sin the tube . Thenaddecaevolumeof 
thes..,.seawatersllllpleasin A , increuit\gthe liquidcol,_,in 
B by a height h . After .!xin&>dththenocesu.ryrsqanh, whi.ch 
occupy&furthllrheight b,theconcentretionofU\econsUtuent in B 
nD'Ifbeccaea Cs . • wheno 

It the tuboo B il new color1Mtr1c&ll.;rutch;od to the t ube A 
byalter ina:thehdght H • S • Btoea~~enewv&lue h , thenfrom 
equationl 

~ . H(,.; ~b • 4;-! 
L•• 

whence subootitutin<tforC tr=6~ :l<'PI""x:i.'l'.ltina: 

CA • L(H + r~ b) - Hh 

'f!14rlllatton....,.be eimpl.Hiotd byi.Jqlosint;certaincor:d.itiooso! 
technique , Th,.. it A and B &l"' chcunutoi.denUcalliesslertubu 
wit.htheiretand.a.rdheight L cant&1n1n£l00cll.. , thenthelleightt 
L , S , a.nd. b -:rbecoiiY<!Inientl.;r '"'"ulll"'ld.aatl>eal,otYoliBOI 
contri butin,£tl:luehaighh, Further, ifinlll&ldn,supthetubo B , 
the vol ,.. ot sea -ter added 1nt.r.u~s the col\U\ of llquid. t\>· e:<­
actlyt:lllat c.ndardhel&ht L , thon&q<~ation9bec<nea 



&:dthouquo.tionbocomes 

c.~, • iOO(iOO ~ b~~ 11(100. s) 

Thecancentr&tionintube B h(!r<aequ&tion8) 

The height (h/ o! tube (B) b re&dag&izat &acaleo!height L 
dirld..:i.into 100 p41"t~ fro"' top to bott 010 (figure 2) , 

lnp.r&eticeonea.,.plemaybo"st&nda.rd.ised.''andallothersamplea 
ca.p&rodtcit , or eachn••ple•ybe •at.ndardhed"indirldU&l.l¥. 
'Ihelattert. pre!erableifthe,...iaauffident&-pla, Inanyeaae 
nverala-.plaa in a depth aeries should be atandard.izeclao that c-­
pr.rt.onacanbemademoorl,!l&ampleeo!cOltp&r&bleconcentr&tion, This 
&V<>idlo error:o inhu-ent in c<Bparing co~ or widelJ' d1fierent hn,t~h • 

.l.ppllcatianofeooationl.O 

.l.arephical rePt"esent.e.tiano!equatianl.Oprovecltcbeo!service 
intheseln.tiono!tlleccncentntion P anclthevol..- 5 o!the 
at.andardscluticnJIIO.!Jt&uit.ablefortheenrichlllllntofth<luawater 
sallple bein& at.OO&rdhecl . figure J &hCQ the relation o! C to h 
u 5 variuwhUt P•l and b•l. FOr1.1'13"&Yallabllconcentra­
t1on nP, thti-CI)l"YeeapplJ'U t heordin&te c be.W.tiplleclb)'" 
the!act~ n , SWl&rcurvet...,.beconatructecl ! orteatl1nwhi ch 
b h .. avdueotberth&nl, altholl&ht ht&hapeo!thectlrYe&r-1n 
vef7 &1Jiilartothou1ntiaur•J, 'Ihetl&to!thegraphmqbeillu· 
atrat eclby&nii<UJIPhu!ollcwa : 

lnp-epe.l"i.nl;aaea waterumpleatandardforaphoephatedetenain&· 
t1ooon&&fll'inofa-p1Mof&UIIpectedcancentr&tionr&zl£"Ol0,001 
to 0 .002 -.g. at=. ot ro4 per liter, a port.ion c! the saqUe with the 
higheat probable con<:..,t re.tiont. cbQIIn !or the ttandard.iu.tion , 



FIGURE 3 
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Fraothetig...., , ..rter!CI.Iltiplyinj! P andordinate C by'O,Ol,the 
ol'<iiN.te !or c .. 0.002 1D sa"<! to cut the curve P ~ 0.01 and s • to 
inaU<:h &'tttqthf.tthol slopedc/dhlwl aomallvalueperwitt!ngo! 
a ccurato visualca.pariaon , andtb&ttheheight h illarmatch1fl81dll 
be consider&~lllOrethan 50, even it the concentra tion ollould PNV• 
tobe lusthantha.t ouopected . llenca 4ml.<>f a known etandardoclu-

!~~ ~"tr'!:~~~~'t, o:~ ,~/!::' .~~:r0~;~~ !~:~t-
Afterthe additiono!th& required 96011 , (100 - 4) ofse&vater and 
onell!l.o!reagents , ouppoutMIII&tchedhel..ght b provut.obe85, 
Frao.oquationlO, orbythegraph,theconc:entrationintheori&inal 
supl.e it found to be 0,00175mg. at<>ms ol phost:Nt.e ion per liter . 

Shouldthh e&.~~~plaoratand&r<:lprov"tobetoo dlluteforu•e 

withcert.ainc!tho aamplu intneuri .. , theenricholentstan<ardc0n­
t&in.o ,by oquationll,o.c<m:.,trat1ono!l00x .0017/85>1h1ehequtJ.. 
0 . 00206 mg , atoM of phosphate ion per llhr . Thl rsMining • .,.plea 
..ay m>wbell.l.tct..cl egaWt"1thero!theabo"etwo at.and&r<Daccord-
1!litoequ&tion5 • 

~ 

lnflllplO)'in&thel:IOthodo!atan:!a rd.i u.tionjuatdeacribed,itia 
e~"'mtial that all quantities be ......,ured..., accuratel,;r .. po.,.ible , 
Anerroro!one scalediYbioninnoading h , ca\18n an errore! 
uveralpercent in thocalculatedconeent<"&tion. ".fuel timolper.tte, 
themeano!severo.lcaopUtestt.lldU<iiutionao!thetupleo!su 
lf8tershculdbi'J M Certl.ined . 

Equatione4and9anoderiflodtroathecr~~tico.lconalderat1ora 

whlchdonotitlcludethee!!ech o!thenatllrllo!the ctr..icdre-

:~""!n~~:; ~i~~J:;!u~i1~ 0!1!~1:!"~~~~ ~~~:: ~ 
latt.rgiveart .. toana:allu in8eer1slav andc..,•equent lacko! 
strictappllcabilityo!tl'lefw>d&lllento.l~tlon(l)troa-.tlich 

equation4Cid9are deri.-.d, Considnationo!thetunctiono!the 
IICltocularextinction!actorwillshowthatitee!!e<:tisbntlliniahed 
bynotillovl.n.<!thehel.ght h tobecaulnsthan0,5l, intheccllr!le 
o!colcrimetriccclllpt.rilon. , 

Anynon- proportion.alltyo!colcrdeV<Ilopedtotheconeantration 
o!diss clvedsubstancesproducingthecolor, ...,.belarge]Jattributed 
totheabovatW<>e!!ectaan:lleadato appreciabherro,.,, poorlicularlJ' 
intha.Utriteandphosphatetu ts, Theseerronareo!couraesuper ­
illlpcsodov..,.allthoeeo!technique , 



GENER.U.POOCl!:llUR!{B} 

libet colol'1netr1c anelyiJOa nr au water cr:> t<>r th: <!~tcr.lli:~ot lnn 
ot thio dhltOl' ... d tnorgante r~ "'"'terbh. Since theoe an. pru11.11t 
1nn;rylcwccncentntlc""'andtheHeremenrlll.l"""'oopic1'orlu 
ot lite utlllzinl! t!>om, tl:.er<~e<;neontntlc:~la e d:rnatc oondltloll 
and chanflunrympldlyattortbeaa:plehea belli remoudf'rGII 
ttl 8C'fll"C!1!>11Ct, 

Ith&abiOOnno!iM>dthlltthllconeentnUcnorth&d1.8ohK 
pboepMte and dllcah 1n a e&!O,ple which hu been Jrept for 3 
boun, u c~l'ed wttll U...t or 11. tl-oall Ml!;llo , I:IIJ 'flll7 !lOON 
than lOCI", It beel!ll.OObO)QIICbM:-'fQd that itt!\olllfiiPlel ll'tl 
kept at rocm t....,..,notlll'O (lll•c,), t.~o conccntl"e<;1on or tl•••• 
oonatituentahlla..,.rtdl)'tO allln\CIIIllinebolll"a , d'terwhlch 
tt riaeo alowl:r to • =::tb:::t tr: ebout 3~ hOUl"3, 

It 1a or OP;M>•t l.e!pol'ta~cc ~c note that thl allfiiPlu ahould 
bekept e tthoil"tO!l:Poraturo tnattuu,.,ul:rpculbleandthat 
the anelysh shouU b~ c=>OQeo~ within 8J atnutee or thdl" 
oollooticn. 'l'l'.c t~not11.r0 o.hff<><'IMD botw~on standlll"da and 
.amplCaahcuH boe~ ..,.,11 U"'l!""H!ceblott the time or the 
IMlph (lou tb~~·c . <l.Htcronco) , 

~ 

The p<'lpanticn ot tb~ ortttictal a te.,~erd eol uttona uae4 
11 doaoribod un~ar tho ooctiono d~'fOtod to tbet pettiauler anal­
pie , S1noo thoeo etn.~"""""" '"" or ""l"Y low con~ontntion, 
perttcular •tto~tJon ta El'ton to t!lolr prcsornttcn. Ono drcp 
ortoluolcrchlctt~fo'""'porlite::-tn toundtoonsUl"Cl thalr 

ttorllltJ, J.llobndftl'do ehculd bokcpt lnllll!bcrcolounldfl].ua· 
etoworodbottlca. Inpnetico, e eopa::-e.to lebcllodpipetto b 
pro'fldoclfol"Oscbatenderdeclutlcn, Thoaoptpattoeebouldbo 
l"inandw1therowr:!l .ortllceolut1onhctci'Ctboya1'1!lu.ocl, end 
pl.eeodtn aaul t eblcl"ecktodreinottoru.o. 

Tho rellltholybigb concolltniUon•e:oncnllrcncountoi"O<I 
lnlllllll,..,l"'!the ""tol"actthoStra.tt orGoorl!lafcrthdrlllinor 
co .. tltuente hen .... do the detomlnationa ct the bl.attk 'fdUO of 
tho:re•11•nta a .... ttororlanol" l.mpol'tenoo thantheta.tteoho4 to 
dtlterainetlclllctsuchnlucotnothol"l<>bol" .torioe. Fcl"tlletJPB 
ot innaUption o!eecl"lbed in this papol" 0 tho bl.e.nlc error na 
toundtobennfl].lgihlo, BreellcntiiDthoc!tlcfe(UpOneetifl&tO:r:> 
blan\" urcra aro...,.,tloblc in the Utai"II.tUl"Cl ; Sooltllll!lQ:Und 
Cocpel"l~ • 

.cl..!ro~~C:!!~~~,.!t;~;~:!..:t~~~= .. ~~f.~hl'!: ==~ 
toappro:tll:ll!tolythclOO!Ol, graduatlcnllllll"i<onthoN:JedorWbl 
atthot1lllllottbccnn.lpta. Inlllllk111811PS.Il1ftltol"etendar41 
bcwo'fOr , tlwdtlutlcnofthom:;alllll"OdTClu:20cfconeontntodel't­
ltlctelatandsrdwltbeco watol" b cfDoceoait:roxect. 



'mli~TIOliOFSILICJ.TRSINSl!J.UTX!I(l,2,6) 

'nlepreou!lce ofdiuoh'eddUe.tetnntot\U"fllnterahlla 
bM n reocognhed doce 1770 (ot.) , The tint qUentttethe dtlte 
... reoob tatnedb:rgnoT1notr1cmethoda (Q), lltho\181lreftn-!lto 
ofthegreTU.Otrtcmothodb.ouboon...,do , tl:lepro<!edUl"CI..., J'&till 
bo er1t1eo:wd boeeun of tho largo TOlUIIIOofwUor •IU!Il>l• l"''lll1re6 , 
the grOet·longtll o·r tu.o· n~ceuory for tho CQ!lplotton of the 
£Nllyo t a , uwUl u thelaclecfllcnattiTl ty and acc\U"flcytnthe 
dotom.l!llt1oncfouch.,.llW!1Cuntaof a111ca , 

i. colorimotr1cmotbod ( 6) torthodotom.lnattono!dtuchod 
a111catotnm1nera.lntaronomod1f1oden(\""'doJlrecttcalfor 
l"QUt1!10 analyehbyDtonortell411'aru!cnbulcko(!5) . J.tlet,_. (:1) wu 
tho tint to a ppl:r thh mothod toocoBnOgnoph t cwo:rt. . Thh 
..,thoddopolldeupon tha to:m<~ttonofe:rollO'I'botoropol:rectd 

tw.TinB tho probBhlo fo:.:JUJ.a %StU!oi!116 12lwhon an a.ddtt1od 
aolut1onc t thoaclubloo111ca.tota troatD<Iwttlllll!l!ICnil.1D. IDOl}'to­
dato , Tho eomJl'lriaoo of unle-11 nil<! eUndeM,.,,. bo JOedo tn e 
colort-tor, l'bot<=etor or Noulor tuboa . Stondorda b.oTO boon 
madatromaD<IJ""'-dlicnto,ptcrteactd (7) orpOtaUil.ID.thr<llllllh 
(1) , ThlecolortmotrJnlllOthodioiiiOroacclll'l'ltothenthogrnl­
""'trto proC>Oduroand hparttoulorlyndnnt egoowo boca...,• of tho 
=1.1 ll!ll<lunt of aru.plo roqutrod and tho ouo en(\ ~pldtty of 
'"'mtp\llo!tio!l. 

~: DtlutelTcllllfltlofco~teontretodHif!O•"tthl 

vol\ml ofHj!O . 

J.r.mcnl=lbl'tbdato: l0grll!!laot....,.,ni=mol}'t>Oete(lfl't.le""'..,024 • 
4HtJoro OilaolTod t n ~ gruoe offlooahlydhU lledntv, The 
~s<>;!,.•~~: .. ::.~"""iliD<I from ttz:.o to tirlo to tnaure ita tHo-

Pl'ofott<>d Bt.e'>~ard of Pot.esat=. Chr<=>to: P\u'U)' '"""' J:tcrO• 
hyroc.,..telUutton. Dry at lOll C. Dt s~<>lTo0.~2s , a nd41lllte 
to aliter , lml, of tb.la aolut1cn t.oqu1nlontto0 .002mp.S1. 
11honl.U.,ta d1lutedto ~.1tgtuaa.C>Olorgiunb:r0.040t 

10~81porlltorof aotlcetar, (Thta eorrechforaa.lt trror.) 
PrepOl'Oonoppropr1otoaor1<>aofetandordabyd1lut1ns t he!:zCrOt. 

~~~~o{~l!~: ~io~~ !~ ~~;.,:o~~:!~"c~":a~::t:!l~!t~0to 
normell'l'ngothcllgbforocoenwo ter , preoctioll.lly1111 a111cateh 
preae nt tn a!U'fe co .,ntore ~nd se~nuch ne roo :zlO-~mgo~ 11111ybe 
presonttnbotto,veura] , 

J.lterna te 8tcndsrd. : 2d7, 3>:>1111grmoaoftherec:r:ra tltlll zed (Q) 
" a elllllll.dr1od , Jl1crtoM1dereodtuol"'<!illdhttllednterollll 
l'lo"dft Ull toaTOlUI!IIIofo:mctlyllJhr , !!01!11, otthte aolution 
eHdUuhdto "-TOlut~Got llttor . llll. 11 oqll1nlant to 
0,0000-81(corrooto<lforedtarl"'r), 



,,, 

to~ml. cfua ... tvtreeiLlJ'samplltdand .. eured-41r;~ctly 
troao\ha.....,l1118f.l'JI&I'e.tuauttUT1TOaaboa.nloh1]) 1 Eal. , of 
tbeiiiiiiJ)niiiiiOIOl.Jb«&Uroagon\arodded an<ltc=<lroJ~&ofl.a 

NK.eOOfo• Att.r t hoolapeaofSII!lllut ot , tbenllaulttagcclcria 
OOIIIP'INd·dthanepproprhto aorl .. ofchrcmeteatacdiU'Cia , 

1. Boththa,..,taall4<>1'1:hc dl1ceteaarea1U1lci'IOWI1n (8) 
thol rbeUYtcrtOWU'dthai:XIl)'b<!ateroagut , aa aightbeupollt-.1 
oincotnnt.reolutloncl'thotillcUoll.loa boen ah<nm...to becoD­
TOt'Ud tc..,te dlicato , 

2, J.'"":zl:ml:mprol>obloari'Orof~oocunwhonNoadartubn 

tNaoployodndthUJ!:IJ7bel"'ducodeomoYhatbythltocplcJ!!111nt 
of a oolorimotor c~ photomotcr. 

~. TIIG bOrax acta u a butter ln tho rogulationor the pH of 
the 100lutlon, Thla t. IIOCouarytc lnauro e conatallt aquillbrlllll! 
bat-.ocn CrOfo•aod Cr~?~ 

2 ero4•• 2R•,o!- Cr207-~Re0 

1 . TbocrdlMryC ,P, plorlcaol d C>Onte11111 TIIrylngquent1tha 
ofntn {7)eM.thuathoc<l!llpOund alwuldno" orbeueadal thout 
rt>'lt r«~K~Yins tl!o we tor ond roerya t e llhtDgt'l'Ol!lbenzono , ~ 
Cr0oiho• on on1orto pur1t'yan4 h110 ro eorhlnofg1•1ngtha 
nme eolor ioOQWil emounh, 

dtlut~~~~ !~~~~; .. : e!!t:;·:~·:= :~:!~"":":~1!: ~=~!.!rded 
"u.lt affect" upon tb.&hutomarto equ111br1UM u ht1ng ln piorle 
• etd •olutiou . (9) 

6 , Pto:rio ec14 Ua.ndard•er<~atablo for• pe:rlo4ot ..,ntluo 
(B) , e-ta-..enlongar , 

7 , a.&'Oflta:raetaongleu ; tho:r<~foro , au.pl .. tluotlw-n 
bllan ato,.,dtngl8n ool!ts1noretora!Q'longthoft~g1fth1i!h 

ro•ulUalld aro vduol.,.a , 

g, J,groonisl!Unga ha....,u...,,obtaln&4a1thnterhevllll! 
(B) a:>rethu7::rl0- :;.g.stp&rl1tor , Olpaehllyah&nNaular 
tubeaar<I<JIIIO'lo~ . Th1a 1nterforeneo1Mybo ol11!111!atadbythe 
u.uoftho pl>ot"""' tororby pl'OJ>&rdtluttonof •alD!IUo:rllaUr 
.. mplo , 



"' 
10. BhollldUMdt-dd .. tnbltto41luteau;>luhll!h 

1D. aUi<>O-" wUb 4ht1lld ann, e teat eholll<l tint H .. 4, o.o 
the bthr to ueuh!J> tU preunet or oboene t of dllcetu, 

U , ll'ithnttra otlowdlieonnluoe, lOOm!, e«mplle thouJ.d 
be utilized. J. aen.dthH:r t. obtdnod e1tb !fouler tubn ~­

u1Ta].a !l.ttollpe.rtsof511n100010001000perteot•attr, 

12. T'oalp<lno.tlll'Ohnltttloottoctupcnt.hooolori!ltenait:r 
ot(O)tborollm!hotoropoly eeid , 

1:5 , J..D.o:rcou of euJ.turtc acid""'""' tdla111ut1oD1:tthlo 
aolor iliUM! ty bitt DO ltfOCt b IIOtod 111th digM OXC<IUU Of 
thoml)'bdetoroatoot (8), ThoJOll,...oolorcfth&heteropolf 
tcid ,.,echoa 1hmz!.ll~m1D.to11111tywtth1n:511.1outoe ette rtlw 
edditioo of tho roaaooh and ......._ina ocutant for noarl:r thrN 
ho\U'e , HDwo•or , tho ea,plct tbould bo oaopuod wi~b etandllrd.t 
eaeoonnponibl ctouo1duyinoi'Ouotna1Ucatal!<>oceotretlon 
b y thoectionot tho 101 •taro11.tho steu oon(eioen , 

H , llhillthlprHIIICIOfO(q>OUDdtQ/ironttli!pbolpbor\d 
•Y lii~Uh,.._ dtll th 4Ut:to1MUOII {0) , tlltlr OCOU.I'l'IIICI ill 
IH I ItOr iiOfiUCIII COIICIIIt,.._tiCII thltiii.Y I ITOrtro.tllh 
ICI.U'Cihu&llsible, 

1&, Tbt dl1co11 tbo\1.14 ~ roportod u lldlllgna 1tama cf 
•lllconpor ltttrofWitor, 

U>, S111cltte &1'1 utilhotd. by p~ phllktoll , •I'OIIP• , etc ,, 
tofom th•.tllc••pi. clllll , orfl'lll»'ll)l'll:fortbeprottillbody. 
I.ow t111odtoOD.CI!Itnot1c11 1othlpllotoe}'lletbtUozciUih"-"'llJ 
, .. ~11te4 wttllubt1niOI' lzle411ttl ypre<r1cUI pl.lllkto!lbloama , 
Lackof d llclteoubt tl11111ttqhctor t llpllllk"toni!'Oit.ll • 

;::h ~:! :!!!~i!li!:~~~:~~!i!:= !"ink~~ ~=ntb:~~=:~:::to 
ZOllO, Tbo OO!ICOD.tHhOIIt 111 tho lttt<lr :I;CII.O IH Hgauret.d by 
lll:r1"1 • 114 '4!'1llillfl , 



,., 

1. ~.Pil.bl1 cll&8.lth.i..u eoo; , "SUlldeM. Vethods Qfll'etnJ.M.lyoob ," 
p , OC, N.Y, (lQ~) 

2 , J.och, 11' ,, andJ.sch , D, , "Siltcatu 11\Ch,.htry end COCII:bllr<:~e , • 

p . l C, D. VenNoa t1"11ndCo,,N,Y, (lQU) . 

z. J.tkizl.a , 1f. Il . G,, J,V.ar1noB1ol , .l .. oo,tln1todX1ngdom, _!!, 
8~ , (l~ZB) , 

4 , Bergman, T,, •Do aqu1o UMd1on.dhiUI ," Upftala, (1770), 

~ . Dionort , F,, and ll'ondonb1.1lcko , r . , C01:15>t . rod., !Z! 1478 , 
( 192~ ). 

e. Jollu, .l., aru!.N<>Ill'llth , r ., z . u•se•· C!!om, , g , :n:s, (18119) , 

.? . ~ng,!:,J,,and Lue•~ ,c. C, , J, Ala, ChOJ:>, Eoc, , ~ . 2Z~ , (1028), 

e. RobiMOII , R.J. u .dSpeor , H, J , , Ir.d . !ng,Chom,I..Ml, 
I d , ~ ~~~ (19ZC) . 

0, Tl><:~~~P•o,, T.G., ond Houlton, H. G., I11d . :r:~g . CJ:om. , J.rull , 
~ •• ~. 417, (1933) . 

10, Thllyer, L • .l ,, Ind. ntg . ChODI., .lnal , Ed . ,!, 276, (19:!0) . 



Tho ll(lneon~:retiot: ot POt, to •oc ;;ctor Tl!r t oa trcm 0,000 
to ~bout 0.002 sr= at01101 ~h<>ll~hlltc-o~hOJ)horou.. por titer at .eo•c, 
ror the dotorlllinatlon , th~ =othod ot Donigo's ~· ZDOd1t1od tor the 
~urpo.a 1• rsoCI!OIIO!Idod . Tho 1110thod 1tnlt 1s band 01:1 tho ~r1n­
ot~le th.ot 11hon o eulphurio ~old ao lutlot: ot IIIIIIIOCilllll ZDOlylldatt 
1soddadtoa•olublopboaphctoaolut1onac0111Pl<>J<J>hosph"""lybd1c 
ac id 1a tor1110d, UpQn trtotl:lont wi th a reduc1n~ agont such u 
atannouaohloddo , thoeaoplo:~ ao1dlaroduoedtoa blueoolorsd 

aubatenco bollond to l>e.vo tho OOlO.)lOSitton II3POt,•(4M>O:!i,ll!o0Vt· 
4H20· Tholl(llordovolopodtapropol'ttol'ltlltothoconeol\tretions 
otthcphoapheto , 

&raonlltcs gho atmUor l"'OIoUon.e :> tth tho ~nilllll 11101:,t:>dat.o 
at:d atftnoo"" chlortdo aoluUona . 4l'aoMtoa, it pro.ent tn ao~ 
1:etor, oceurinort.......,lyaMllconcontro.tioM , probably leu 
thl!n O,I)O(XIs, atoms or anon.eto..(:raonito por lttor or aoa ~ater . 

'nloprocodurohorogtvondotonntnaatho alllllotthoaru!l.lltoalllld 
phoapllatoa , l!:lraoottatorcontftlntns=rothanO,OOJ.s;,ato:uot 
phoa phl!hphoaphorouo, thoaraenotoa..,ybo1gnorod, uthoo:~­

poriJ:Iotltelerrorottho-tbod'lillbogroatorthMthoactua.l 
a:oountotanontopresont , 

Thcphoaphorouaanduaontocol!ta1nod1norg<~.~~1c~dt 

~1Hol<oad t11the aea nhr, ond in 1norge.n1o eca;>ouruta otber than 
phopheteoaiiC!arsenoteo, ha"'>IIO 1ntluai!Oeupontbe 1nhnottyot 
th& bllla color ~nolopod b:r tho roasonta, 

Re..,;antl 
J.•ulphurteaetdaolutioaet ...... nlummolJbdotetaprepared 

brdtaaohi~~&(a)U , 3gremsot(N!!t,)cJolo,.0 2 .. ~il!lOOIIIl.,ot 
dlatilladnhrateo•o, end (b) lt.Oml , otcol!centntadaul­
phuric ac id t11 400 al. ot diattlled •star. 11h&n bOth aolutiono 
anatroa:o.t11111J>tntu.rs,that1rot(a)t.•loal :raddad totha 
noond {b) with 1ttrrtng, aM shan the aolutloa ta cool, 1t 1a 
dilllhdtoonal1hr111thdiat111edntar, 

Rsasantll 
J.trHhlyprsparedaoluUooot a tMMua chloride h~~~edeb:r 

addtng3.3gremsotmoeoyt1nto:501ol . otconcontratedRlllllld 
oo~r1nstho aolut1on w1thathtn la)'(l rotmtno>'tllo11 (llohraoal), 
Tho aolutton h con~niontlyottoctod bynlloaing tho n~ak to 
......,tntna•anoplaoetor~houn. 2:!0ml,otdtattllodnter 
hbo1lodM4allowod tocoolundora atm1larotll1noralotl , 
Whonthoaatartacool,tho•tennoua.chlortdoa.ollltiontatboa 
addodand thollll.nonl oUtaallowodtor<ll:llltnonthleur~eeot 
th&mirtunl, It 1• e d<ohabl.ll toaakoupthia oolut1oa u trsquoat 
il!tet'fala ~nd to atora it in..,.l>or aolorod glau...,toppaTOdlxlttlta . 



,,, 
J.lterMti'folythh '-"NNgontme.ybopro~rodbydtnolTlng 

2,l!lg, o! nnh:ydrouo SnClJllnalm.l. , oflm<HCl and diluting to 
100111. with cooled, pr6Yiou.olybo1leddbt1lled.water, .I. piau 
o!You ytl.D. (Sn) hJ)lacedtnthe eolut1ontoratardthe 
oxtdtztng efteohoftheatr, 

J. otoek eolutionbmo.deeontr.ioingonagramofphcsl'hllta 
tonP<~r ltt.,-; 4hsolTD 2 . 200 ~ l!l"'JJll ofmic:roccomto salt N14 
KII.HP0<~.,4HB<JwtthdhtilloK!nterend41lutetouactlyontltter , 

Tho MMOdrehd ate.ndard uood in practieo b mado h<D thh 
etockeoluitonut'Oqulrodbydilutingl!<.l., tolUter·dth 
dhtill<><lntoranclp:roeorr1ngw1tha drcpottclwtne, 

:11>1 , ottht. con..,ntrahd ata:tdarddilutad tolOOII.l, with 
dhtilla<l.,..ter lnthe Nes. l ertuheat tMtl.IMottha.,..lysis 
ginoaworkillgsta lld.u<lotcQtloant,.,.tionotO,OUIO(! , or 
phosi>lulh tonp<~rlttt r, 

Whenthe q.atOl:lunitiotobadoptK, th cot~eentretlofl 

o f thaahndftl"d.o D ...,Changedtointrugel .., lue a ofthts a~tem . 

Tha ot<>ek ool\ltionhme.douptocontdnlOq,atom.otpboophd• 
ion per li t ar; dl u oh o .e.o~H. gr"""' of the mieroeosmic aalt In 
4bt1llod nter end 411\lto to o:t11oUy 1 1Uor. n:,o preparation 
an4 411\ltionottha co~teont~tod et e ndar<l. to p:roTide•orklng 
otan<1or<l.a 1e al.:o.1 l.llrino<roryroopoottoth10t dol orlbGd1ntho 
pro<riOWI Pfli'Ilgt"ff.Ph , 

0"'lllll. . ofthotlret4ooerlbod atanda rd ao1uUondlluted 
tc 10~ 2 cl., p:ro<r ldoa u otondard 8o1ut1on oon t dntng 9,0l.mg. 
a tO!!II'Iotphoophlltoion pOrlitor , 

Such at a ndardoara f oundtobo aul taUo f oruao 1ntho 
anol.yal a o f t:ro shor ollghtlybr~~olriohaotor om,ploa , l>ut are 

not oetht aetory t or ooa 11ator a nalys ts , 'lho:rotho uoa of ooe-.ator 
a t.e:.derdsa:rofoundtobo p rol'ornblu, Tho lattor aropr.}>l~ 

by a t a lldoor<!.h1ng a oamplaof ooa wntor~ly1ngthoJHthodof 

lnol"OIIlOnta , 

~ 

Tooa oh 100111, aampluof aoa lt<ltorand approprhte ehrlder<l. , 
~dd 1.0 ml. of roegoot 1 end ona drop or r<>OgOnt 2, Thl aolut1ono 
tbuo troatod a:rothorough.lylll1:ru4ondthobluocolorprodllCOdln 

;~,.:::!" a~o~i"~:~!t~11!~!r~~ t~ :,.~~~~:~~:r:1.. 

Itlatoundeonon1ontto add """'gont2tromaaho1'1: 
at<mii!Oddroppillflfunnlllln•hloh a .,...llqulllltlt:rofthll'<IIIPnt 
hlroptundorlll1110rol oil. Thou.ooofap1petto hthus lll.miMted, 



'" 
J. blank tut on tl•• rt~egent• ahould be ... ~. 1n4htJU&d 

ntv, an4eo""'et1oMnott4 , 

~mnocente~r1 ... .,taln1donaoUwouldep~artbet 
theab.oluteerror1n a4oto~t10fthMtgroUerthen~ 

l'l'Clllallceueoe , endthatthoproport1ond orrorhetth1n • • 



--, 

DUSOLV""...O/IIT!Ul'ES(B) 

'n>ereducod.atrychninai!Uithod(H"....,.l926;Cooperl9)2)llitb 
cer1.&inaaditieat1ontt.,'R1ddeU(l936) it,.od. 

:!~ !E~B· .. ~~~~~~~:f~~1~;~:=~~~~ 
tr.,..!arr.-1 to a ... u rinud !luk 1.5 liter Cfopt.City, cont&inin& 25 

~:f.. 11f1u~·~:: ;;"!n ~:;i~afi:/~.:~:r~; ~~~-.~~ed 
65"C, Bet"""l50&nd200mb.o!cone"'tratodHClbaddedinSOzol. 
port.ionatroati.c:etoti""a.srec:llirod!oraat~g.,.erationo! 

lvdrosen. Ccaplete sollltion ot tile etryclll'lina and Unc requires r ...... 
12 to 24 lloun, dur1.->,g 10111ch tJ..B>. the tl.uk U oovered with a bucker 
&ndnoflamo&ahouldbeprcee.'ltintharo<:tD. Thalleatin&~bein· 

terrupted, Thasolutionis!in&llJ'II'Vapor&hdto&.-uvol..-untU 
&tlollve-gre.ncolorjW~tC<»!:::IOcutobe..ndent, Utereool.iu&,l 

:!t;~~!.:'~:\~!~,!n,~-: ~~~;:.::eo:~~~~!!~~ 

llitropn CrMHii04_,. be tath!actor l.Tprepartd !roaorditial'y 
c"-icail1'JIIlrelli!Ot.b7heatin8at)00°C!orlbour..:l.th a!...,cr"T­
•t.al•o!(I:H4)~4· 

~:Concantratedll1Clroehlor1c ac1<!. 

~ 

1 , Abeolut.eat.and&rds: Aconcentrat..tatoo:.kaolutionccntaininl: 

~i~! ~n~~~~i~~~~:~~~~~~F::::od 
at.oaso!~nitrogenpo'l:-Uter . 

:;r :~i=~o~: .. ~~~te1!t:J.Z:" ~-r:~:~ !:....r>Otrei;~b~~" 
at.andards prepared fl"Q:I><Ibtill-'lll.ter, it h a<lviaable toat.an<lard.­
iae aaa.pleotaeawa.terbythe""'tho<lotil'lor-nts. 

lncarz"1in&outthelatterproce<luntheunoteaolutioncon­
t.a1nin& 0 .01 -s• at<:~c.:~ ot nitrate nitrogen per Uur b prtopsnd 1>7 
<11lut1fi31-.J. . otltoekeoluticntooneUter. 1"11Ueolut1oni.J 
autticientlT concentrate<! tot" enriclaent ot the , .. water •Wndard, 
witi\CNtundul;fleann11\t:1tetotalealtccr.tent. 

~ 

TheneceuU7&ppUBtll8conaietlotal),.~coloriaeteran4a 

•uttidentn..t>erotcupeorpl.ane-bott~glaiiYi..UtoeccQIIIIIOCiate 

acc.pleteuriu ott:llll)'li.a otauplnMdlt.and.a.rd& o:oncOU'rtollt.lJ' . 



Thecolorimeterh!DOW'ltedonabol.t<ltowhiehaniru:ardeacent 
l.emp1af1ttedonaellde,oc01\11troctedthatthe dietanc:eofthe 
l.az:lp !rem t.~e colorimeter can be varied bet1of'Nlll0 and JO em, A 
coverie pllcodover t he l&mpootho.tthe li&ht ' hi1tn only on the 
r etlectoro!the colorimeter , 

CWevialewerets pora l'iJ.1woOO.duringon• inv""tis;ation,but 
Duboeqcup&!O&<Ieo!oo•piece o!aJ.an rlthopequo aid"" and top~~ are 
preferab}.(l , EachTialor cupohould be oupplieclwith a nl&llgl.au 
stirring rod , 

ThobottCCIIIo!thevial..! o.re titt ecl into a vcxxlen blocktowh1ch 
1a hingod a ncord block with corr<~apondingholutortJCoivethetope . 

Smal.lcr1C1ceointheccverpel"J!lihdr &inageo!thovialo a!terwaah­
ingandinversicno!tha block, Thbprote¢tJ.nablockproTid011the 
1-lsd.&t1ondeeirable forcons el'""ingthe huto!reactionduringthe 

"""'"· 
1. .!!!!!.l:!!!: Sevenl!l.l,o! aach sea,..te r a lllllplaand a s llitable 
ulectionofetandardo arepipetteclintotheDuboaqcupo~whichhave 

been-llwaahed, drainedtodryne"",endplaceclinthewoodenblock, 
ToNchadd7mle . o! reagentl, and. Jcl.ropeo!reagft..'l.tU, followed 
by"qu.ick mel. vigorowo a tit"l'ing , Conoidanble he&t 1a embed and the 
in~~ul.ationond=clusiono!llght artordedbyU!ew<>Odenblockia 

essential . The u.,plu are coonp&t'fl<lvith U.e a pproprl.ato eh.nda rcl. 
a!hronehour, andbe!ore two houro, 

Stanclardcoloriloetricprocedu:r" i " tobe!oll.ow«1inthec""'par­
itonofthe red color developed, a n:! the glan plurtgen are rinsed 
bet ...,eneach&n&lyllb . 

!n~~:~ingthe!lu.bo•qcolor:!Joeter,itia inconveienttodotermine 

theheighto!the eeawateralone inthe cup;ther e!orethe combined 
heighto!the 5111118ancl.reagenhiadeterorlned atthe t:!Joeo!theecz.. 
pariaon. 

It 1 repre..,nh one halt o! th8 hoight of the oaa v ater, and 
roagontac.,.,binedU!the cup,!! th8 he1ghto!Uquidbolow t he 
bott omoftheplung.,rinthe COIIpa;risoncup aCtorcolormatehing,and 
£ the com:ontr ationo!thaetandard , thenconcentra.tion £!. otthe 
•-ple is 

c~ - c x~ (c! . equation4) 

The conoo .. tra.tion thus ealcu4teclia eo..,...,cted according to the 
curvuill\Uitratedin!igure4by!ollcwinga.1Dilgthe horir.ontalllne 
representin&theapparentconcentra tionuntilthe cu:rve i a metand 
~~~..,~~ t~ ~~~aa o! t hat point en the 11.1.rgin whore the troe 
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Stan:!ardhaticno! s<>&wator 

SinceU\o CQ~~~PUbono!sa.pl.oswith etan:!&rdsot th& s8llleorder 
o!ccnccntrationhdesira ble,iti!cuot.<Dacywhonc.opJ.oJ!n,!;stand­
ardhedsuwtttorto standatdhocvorythirdor!ourth sAaplein 
or<!ero!depth , 

Teacup A i!odded7,00.U, o! asu WII.I.f>roae.pletobeatand­
a rdised . Toaaecondcup A,0.5()JOJ.,tol.OOII!l,(accord.ingto 
auopededNO)concentration) O,Olm,g . atomo!Nperllter clistilled 
wttterstar:dai'dis!irotodded, thensu!!iciento!theslll!lese&water 
se:o.pletobringthetotalvolumeto7,00al, Thereagentsude­
seribed!ora.nal,ysi!are then.,lded,and a !tercolordevelopoenttlle 
colorintensit:rot B u-tchedagainstthatof A. 

Anologoustoeq,.t.ionlO, the concentration£ in the cup A h: 

C • 2 L2 _P:~L - S) 

where 1 is half the height of t he aea Wll.ter umpleand reagents cao­
bined in the cup, f is the concentration of thedietilled.,...ter 
starxlard&ddedto B, §. iatheheightincup B occupiedbythis 
standard, and!! i.othehe1,ghto!llquiclbtolowtheplungerintube 
B att.armatdrlng, 

5 • Lxml. o!di.otilledwaterstand.ardadded 

"' 
The concentration in tube A th~~:~ calculo.tedh !in&l..l:rcorrected 

b)" .. mac!thegre.phshawnin!igurel. , 

Theaecuracyo!this..,.,qsi.oiaentirelydependentoncloaead­
hereneetotheoutl.inedproeedure, Itthecolordcvelopedappears to 
1\a,;eN~crangetintinstfwlotbeingpinkorred,t.hean&l.ysiashould. 

be r<l!)hted, u thh indicatu rault:r proeedure, 

Ith re&l.hedthattha heightc.ceupiedbyreagentllisneg­
lectedinthetormulaa. Itevol....,aetaas a correction!orthea­
IIICunt or Uquiclloat b;r..,.aporationwtum t!le&P!Pl.e U at a high 
tmperature \lhen treated with reagen~ . 

Checkana.lyllis con.ist.antw1th1n6% ca.nbeobt&in$dunderworking 
conditiom'l at e&a , and it ill au....edthlt.tt!lb !&the l.iJIIitotnorl:l&l. 
errorinthieteat. 



Theconcentraticno!nitr it.e-nitrcgeninauwatervarieatrc. 
O.OC:Oto2 ,00aicrcgrazoat,..,perlltero! aeawaterat20•C . In 
theapenoceannitriteaaNaeld""'!oundindapt.l!a~lOO""'tera , 

andevenattheaedepthstha,.teriii&J'beCauplate),Jdevoidotnitr it.a , 
Whenoccurin,gin,.teranoarthoaUI"!ace, theC<lnc.ntr&tionhgen.. 
enl.11 leu then 0 ,10 11 .g. at""' o! nitrit ... nitrc.flen per liter , 1110 higher 
valuesanoolltair.edattimesinthewaten onthecootinentalahalt 
and.inaOII.I'lds,atraite , tjordsal>liestuariea. 

TheiDIIthodNcCCIIIIe!>:l.edtorthedeterminationo!nitritu h 
ahownbythecheaie&.loqaation: 

andwa, or1.!11n&il¥doveloped ~Peter Grein al>lil.atermodi!ieclby 
lloavay(1SS9), ThiaiMtthoddayel>lisuponthedia:ootaza.tionotthe 
ll.:linesinac1dsohtion~thenitriteinthoaea..,.ter . TheJll"oduct 
ottllhrucUoni• a rose-colcroddyewho<le color inte~it)" is prc­
po.-tion&ltothequantityotnitritepnosent , 

~~=~:tte! :;~.sr;: ~~l~r.:.N:~~n~~: ~ .. =~~ ..;ii'.: ~t'";;...., 
thedal"kpreoipitatoa.n:ltroat&dwithJOml . gl.acialaceticacid . !he 
sol!ltiMis <1ilut&dwit h 285ml., dhtillod,.,.ter , and stor«!ina 
glanato.')ler«<amberbottle, 

Hhrnativcl.y one Ill. dilnet~Wlpha-n.apthyl.Wne b d.inolvecl 1n 
aaolut1ono!50ml.gl.acialaceticac1dandl7'0ml. . ot11101th,ylalcohol. . 
!~&d '!"~:n~~ be ll&de !r<:ah :ocnt~, and. atored :in a glue atopp-

~2gr-aulphan1llcacid1ad.iuobedbyh.,..t:ln€1naaolu­

tiono!I!Oml,glacialaeetic aeida.n:!I!Oml,dhtilled,.ter , Moroo 
waterb gradual),Jintrodllcedtothewumaolutionwith conatant 
stirr:in€~mtU:U.Oll.l,tl&vebe..,addedandtheaulphanillc&cid11 

dinolvod, Theaolutionsho!lldbel<eptingl.a.sastopperod...,ber 
bottleaand!llllde!roosh!IICI'Ithly, 

~ Occudon.t.llJ' it b d.illic11lt to obt.&in d.i•Ullfld water trooe 
ot nitrites . Suitable water 111a1 be prepLred by redUUlllng a!tel' 
mald.n«&lk&lln•withsod.iUIIb)odrozideor b&rillllh;Jdroarlde . 

St&ndar<lllitriteSolutions 

Standardaol !ltionl(atockaolution} 0 .690g.p~.~reNalf02,preT.iDWI},J 
drlfldtcr lohoursatl10"Candcoolfld1nadeaticator, lad1uol'l'ed 
1nnitl'ite!...,edbtill.edwator, andmade!lptoonellter. 0.2111, 
ehlorctoro~ cr carbon dhulphide &ddod u prooaerYative will Mint&in 
atabilltytcrnverali!IOI\ths , 



lal. . contaimllOIIicrogrUI-&t.oo:llc!nitr1t ... n1troscn. 

lml.conta1:~~.0,1011icrosram-&~olnitrite-n1trol""• 

~ 

Tu .. chlOOal, a..,plao!ac&wateraddonelll..olreas.ntiVII! 
oneml.,olreasentii . KixthoroushlJ'ardallOittcatand&ndcc:ap&re 
>rithed.llil&r)J'tre&tedst.and&rd&!tar&tlMIIton•hour• 

1, 'l'h& &ll!lple. !cr th& nitrite det•noinatioruo &rll to b& tre&tt<l with 
r<t&C«~h&a aoonu ;:oadbl•a!tarcollection. 'l'h&colorb •table 
!orhouror!iv.daya,henceca.parison•~b&-.d&atll•ure . 

2 . Th&~cclorinten&ityhattainodinabout)Odnut .. in 
oeawater,Mrequir.,OI'llttctwoh<::ureindiltillid-ter . Thein­
tcn.itto!colordovelop&dbthel-ineithllrca .. tcraliTMI 
n1t r1teconcll\tr&tion, Ther&ho!colordev.lo~t1ncr<~uuwith 

!:~edr&~~~ · hence tt.oapor~ture Vllriltion b&t-an tamplet th<>llld not 

), The,...U>Odc!inc..-nt• b particul&rlJ'IIlitedtothil nitrite 
.n1J..3raea, bec&Woeotthe&altertcctonthtNOactionNO.te, an;! the 
rldevarianc•o!concentNtionnor"lll&l.l.;J'eneCNI'Itlredinanr1eaof 
al::lplul'r<a&ucceniv.depthllintheaeo. . 

1.. The tr1&ht red color dneloped in thilenaJ.,r.i& per.J.h -.r VII! 
eccurateccaparhcn. It&ppel.no that tll•tnt illl'ltire)J'a&lecth .. , 
and un&J'!ected by no,...l >'arlettone in t.peretW"I , oro! other con­
ltituent.l inthoov&ter. Thecclordeveloptdildirect)J'prepcrtion&l. 
toth&cone .... trationotnitr1t~n1trosen . 1111 totalerroril woU&l.l)' 
l& .. th&r\5%. 

5, 'l'h&prauncaofnitr1te&l..aplJ'r«<uoiJ!&qll'lt&&Uchudec~ 

cr pnicm&tt&r, anduewouall:yfcundbel<llfthepl&nkton l.a]'&r , a t 
groo•tdeptha,in&tap'lant,...ter,orin t hepre&enceo!daoesticorin­
:~~O:~ut.ion . They are wou&J.4 uacd.ated with l.Oit rucygen con-



l . Ol"d.lnarytl\e.....:mettn •,..elll})loyldtoro~.rrln&ai!Z'!auttlllj)U'­

&tlll"'lf in a bucket (l) or tn iNt&lled in tha eoollna V&ter intake 
totl'laah1p'aon&inaa , TI\tll,.,..fo,..erl,yutili$ed!or-~l\t.ap­

aratlli'Q1n1nflll.at<!d..,.UrHillll.1nibotUea, andcoi'T'eCtic:as..,;iafor 
ad.Le~t1o«ttJJ.ncoftl!ewater. 

2 . A. crut Y&rietr or electrlcal..l;r, and clociM>ri< thelWlvapl\ic in-
•t~t.a~na•a.Uable!oruuinr1xedJ)OI:1tionaandattachedt.o 
thip'e hulla, 

J , Prot.ected.....-ereirl,gtt"',_tanare\ll!l<!dto<teruot....J,rt.oobt.Un 
tl\at~rat\ll"'l&tantdeaireddepth(2) , 

4 . theb&Uv'thelWliP"apl'lil&'"""'hanicalinat~m.wntchP"(>''1deaa 

IP"•ph.o!tha"-JIII<'&t.liM-depthrel.ationwhento...reclint.otheeM()}, 
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Upright 



,,, 
Tbeprcl.ectedreversingth"""""'"ten Uall$edveryaxte,.ivelyt.o 

obtainthet ... per&ti.U"((t&tL'Vd.""iredciapth. Inre&lltyMchone 
condshof t...,thez'lii<XDflhre, therevusinllth"""""'"terproperandthe 
auxiliary theZ'IJOCI'JOiter . Th<>u are sealed in a hea'¥}' glue tube in ordor 
to pr.,-ant U!eprcnur<>s ntthe greatcrdopthe !rao.M.vinganetrect 
upontheOitlrcurytw.beproper , TiwlarggrbW.hofthereveraingther­
"'o:oeterilli.aaor•cd.inal!lercury j&ekot contained intheheavygl.an 
tube, Tllie &rrang<Eifl'Tit perrdh r apid conduction, Thecaplllacytubo 
ofthbthe....aoettrhcontractccl.j\lllt•bovethal.&rgebulbaoth&t 
1olhen t heinatrumonti.oinV<Irtedthocclu:nofi:><H'<:Ur'7breili atthacon. 
traction . Part of the "'""'lll'Y !alb into the !!111.11 <W.b an::! ovorflow1 , 
!ililngpt.rtofthegraduo.todat""', Tlleactualvolumeo!...,rcuryflow-­
lng into the 1-'ll.llb.llbh dependfll1.t 11pontheteaperature of the mercury 
atthetimeofreverealofthe inetrumoont, '!'he acaleonU>ethu.oaoehr 
hu the loltetlt value• at the ecall tulb, rut the at"'" is gr&dU&tedwith 
rn~ctt.ottteJ:t~ercury conteinecl.originallyin the large bUb, J. 
co r re<:tread.in of the thiQ'I!IC:Gieteris p;>esibleonlywhenitU re&do.t 
exa<:t~ thea.,.., tert.poraturoMtr.atatthetimeo!"rev"rnlandwhon 

thegr&dua.ti~-.n(I.Mct , I!"thetetoperatur.:oatthet:U\eotreading 
U gr..at~r than a t tho tl.Jno of re"I'Orsal , thc,..,rcur..-inthe small bulb 
will have e:o:;panded , To obtain tho actual tt=pOr~ture, a correction !"or 
thisl::lllsthel:l&deandthep.u-p;>sooftlwawdli.acyth<:>~terU to 

gin&lllean..forl!lo.kingthb correction, A change 1nthc volu=eof 
tho1110rcurycorrol spendtto acl"langc1Jlt""'porature ur..cordodon t.llo 
se~ofthisthenoometer,,.hileinthorovoroillj;the"""""tor , & ch&nge 

&thctscr!l.7 thatp;>rt1cnofthe=ercuryeontainodintheSJ:I&l.ler 
bulba!te.r the thern.cmehrhu been reversed. Thetwthel!l>()l!leters 
willh.o.ve the somoreedingat thethlllfhonthe ... rcucy"eclum~cfthe 
reversing thermocehr b broken by reversal, and tw.r dilhrene• betlfllen 
theirroadine;oat~cthert&llperaturowillheprop;>rtion&ltothe 

dilhreneebotlfeonthUteapors.turt~andthatattheti.Jieo! reversal, 

Thisratioba funetionofthovol~E<~ofll<lrclll'J'inthe sl!llll.lerbu.l.b 
andtheeapillacy of the l'<l"VCrdngthonllall&ter. ltthothen110111oters 
&rere&dtimllt.anCO\U!Ily,a ... &nsiep-ovidoclwhoroby t het<D.por atur.:o 
attlw timeofrevcrs&l,or inothcrwords thoaetual to=perature o! 
thewater,meybecomputed, 

Co r .-.etion of Revers1M Ther:rlOII>Otor• 

Two eorrectiOtiS 10ust be appll~d to the readi.ngll of reV(!rsing ther­
lllOOlllhrs , namely , thoinde>:correction&ndthe te=pen.tur.:o-d.if!erence 
correction (the ditferencobetweenthoreo.dingo!tlle I"<l"Vtlreingthor­
DOCetor&ndthe au;rlllarythe'""""""ter) . 

Thelnd.exCorrection,I,isdetanninodt,"tho&<:tua.lcallbration 
of the the tor atdit!ormttomporaturee&ndb dapondenteol&J.:r 
onthethe......,..terread.ir« . Thacorrectionariaaa!r<:a.thosllght 
irregularitie•inthecapil..larytubootthetho..-etor. Manyo!the 
rovursingthenoometcrsinueohavobcencallbretodt,"theUnitodSte.t"" 
auree.uo!Stanc!ude,thGPh¥&1k&li8ch-Techn1sch•Ro1ch&&nstal.t(PTR) , 
ortheN•tione.ll'hy:oicelL.o.borator)"(GreatBrit&in). Upot~cillbr&tion, 

thesol.aboretoriostiU"niohcerti!icatoegivingthecorrttetionsnoceeeary 
tor eever&lra&d:ln8So!theth&n~~<tl0t.or . Th1.acorrect1on,orirulex 



(J) 

corr<>etion,E~Stbe addl!dorsubtra.ctudj Upontostingrevening ther­
IOCIC!Iehn,thoaelabcratoriu>.l.l.)"•ubjgctth(i!ltoapr eu\IT<tatcstAnd 
thflcortificataof ca llhre.tion""'Ybo&r aphrau: "'llla actlono! 
thl.sinat,.,...,t ... utour.ol to ben.ti s!acto,.,.&ttorbeine oub:i.itttld to 
a p-ouu:-e o! ) tons per square inch," Such a at.&t ssnt. Wicatu that 
thethenoaoahr~be l.8oddown todej:thllawcx:i.mo.hl:7o!45001Mton 

rlthcuttearotc~hingthothonlliXI!Itcrbyey.!roataticpreuure. 

Thoo 1'!!!!EI!ratura-!lifhrtmcaCorrect1on b a correctionlll&da!or 
tha~~~XparU~icno!men:uryinthe:tldnthn'IIIOII>IOter&ndb&functiono! 

tha&mounto!mercuryinthe5lll&l.hrbulb&ndthecapilarytube;the 
d.i!lorenccinthet""'P"raturee o!thecllldnthe""""'ateran:itheauxillU"T 
ther'IDOIIIeterancithen&tureofthegluee<llll;>risingtMtha.-eter. 
IfatM!"'lltUUete:r1sreveraedino.u.y.ro!coL1,...hrandthonbrought 
to the surface thro~ a layer o! .... 1'!11 vc.t.r, the -"&I"CW7 in the bulb 
and capillary o! t.hal:l&in the.....,_ter will e:>;pe.nd &nd thw the reading 
o!thelfldnthe:'IDO""'ter~tbeccrrectodforthiau:~ion, In 
ordertodothie , thevol>Deo!the therm<:meterbulbuptotlleread.­
ingO• on the capillacy!IIUSt be known and auch volume, dadgno.t.d u 
thedegre<~vollli!:ICI , isgivenoneachthe.,..,..eter, Thetctalt<Bper&ture 
ccrrecticn,.o.T, r:.aybecalcul&tedfromthe!cllowing!cl'llllla 

where~is thetotalcorrcct1oo,J!thctemperature....U!ferenceccr­

rection, o.ncl! the induccrrect1on. 

'I'' • re&dingoftM>Minthlll'!llcaiOte:-o.t'terrevereal, --1 
t • " " " .&uxillU7 the..-eter af'ter reYerael, ·• 'I C 
V0 " the degree vel,_ o! the then~aUter, cr the TOl~~~:te c! 

merc~inthethemcaeter eto•c. , 
l • & ccnatant exprening the relative thenul coe!ticient 

~~.,:uryo.nclthegleuo!>lhlchthethen~~OI:I>et eris 

The con.tant! iJo e function o! the quality of the glu• coo:prie ­
in& the tt>e.-.ter, hoet of the ravening ther=eten in u.e aN 
frca.JenaglaeeS!JiiiorJene1611i , ForJenaS¢i.l.,J:•6l.OO,ar.o1for 
Jena1.6i;U,K•6JOO. 

Subat1tutioncfK•6l.OOinthe aboveequa.tionreduceeitto 
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Thate~~~pera.ture-di!terenoecornction , ~, mqbeaacart&inod~ I 
!rooottuo !oll.cwingt&blub)'knowingthe valuea fort•, t , an<!V0 , 
Thetruetompora.tu;,..T'N7befao.uW.!rao.theoquati'OTI: - - ' 

!U>U~tration: Thelll&in thermcaetex rM<Iell,OO'C,the • uxill&r7 
tha~hr, 2l.O'C , and the degrH volUM o! the main the.-ter ill 
89'C, 

(T'- t) • - 10 (T 1 +1') • 100 

Re!ereneato the tableeh01111 tt.tl:;h ..O.l.6? ' Cand!ormoet 
pract.ic&lpurpoees be<:..ea -O, l?'C , The inda: correction, found. by 
theeallbrationo!thistharmo>lletcrie.Or2' C, Thetotalcorreetion 
is: 

-. 17' • . o~· • - .15• 

andthetruetemperatul"tt 

T' • 11,00 -,15 • 10.!15' 

THEPUMCT!OHANDCAREOFREVERSIICT~ 

e,-obearvi"6thabreald.nf:po1nto!tlllor.ercu:ryccl,_..inthemain 
t.her1'la!leter , rwaq, atthotopint.heeoiledando!theeapilliry 
whare it joine the .-11 dud arm, it ia poedble to &~~certain whother 
ornotthothermauhrilinpropereondit.ion, 

Wllonthetll&wlllletarhlwl.dinanrtic&lpoeitionwiththelarga 
bulb at the bott.aa, thert~ahould be he> air 1n &>v part o!tbe capill&ry. 
1Jponrevere1.n«theth~t ... ,.othatthel&rpbulbh atthotop, 
the •rciU'l' ahould bruk at the point o.hcwn '<>7 tho l.oonor arroor in b . 
Ob .. rvnt1onhhcllit&tedbTtheuoeo! a -.gni1'yingsJ.o.n . Upon 
r.peatinathboperationveeyslold,r, the~~ercurymwst!irstrunouto! 

the814eano.uaOO.:.ine. Duri116t.hi.sproc•s , caroshoul.<1botakcn 
nottotouchthebulbwiththehald,!orat~raturechan&omakosan 

ex&etob.,.rvat1ono!thobroaldn8;pointl..mpoasible . The uparste<l 
colucno!~~ereuey, ..W.ehbreaktstt!wsid.sars nwo4"""""rd.int<>the 
-llir bulban<lgraduatedcapill.aeyo!the-inthe.-tormd.thuo 
corresponciet<>thottaporaturepreva!J.in&atthetillloo!revcrsal.. 
u , attubl'Nld.ng o! the-rcurythZ'oa<l,thoth""""""'t"risrcvened 
toitaoriginalpodtion, thelll!lrcury.....,trun.outo!thelllll&l.lbulb 
and capillary and join the ... reury in tho INin bulb st tho 4M<I ano.. 
Uncier suehc<nlitionait!MYb•asauaeo:lth&tthothenocmeterh!unction· 
ina proper ]¥. 
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!mprooerf\metioninBo!theRevereingThe 

!lyi.cproperhardllng, suchul.ntr&n~~portaticn, euddenblOW3cr 
nc.a!n:lfl61n a horizcntalpoo~iticn!oraprotractedper1odo!tiae , the 

mel"<:urymaynolonger!Q:r1:1a conn~tedthreadandbehave u described 
above . Thedirticultiuthanoboervedmay!allintooneo! thethree 
categoriu ;t.s !ol.J.owll: 

a . MercUl'T Remo.ins in the tipper Portion of the Sm&ller Bulb 
It 11/t.er reversing th8 p:osition or the thenocaeter eo that the 

WgebW.bie below, a0118 c!themen:ury .. yr.....U.ninthe ..,.,.Uer 
bulb. Thbecnditlonill illustrat..din c . L'l!lWiycuu , it is sllf­
tidentto reveru thethe"""""'toragainMdwhenthe•rcury!l<N-
ing tram. the large bulb h Wlited with that lll'lich r-.ine<lin tho 
sm&llerblllb,tllethenz:acstcr~f;&inturnedtoihori&in&lpoaition, 

pr<>perf'l<netioninao!the~arcuryillobaervod . I! thiadooa not occur 
&ndparto!the,...rc"'7atillat.eysinthe.....Uor'rulb,aamall 
p.o.rticleo!&ir, goner&llyobservablewithamagnify1nggl.au, h the 
cau .. o!U!edi!flcu.lty, Tor<~~~.odyti\U eituation,holdthethem.<Deter 

by the large bulb in a horizontal pollition in the right hMd and then 
gentlJ'hptheoth<lrerdo!thet.h~t.erinthopaltilortholeft 

hand until eoveral glob.l.los or E>Cnury ~aparsu in tho -u hul.b u 
atwwnind , Thethe~erbthencarc!'ull,rinvertodsoU.stthe 

""'"'UJ71'11t1Bintothemal.larl>J.l.b. J.r.soonuittouchoathea...U 
&lobu.let tlut have bem supuatod, tum the tbem"""'tor again to ih 
orJ,giniJ.poeition . Theaepa.rated&lobulu &ro thu.adrawninto tholr4in 
buJ,b . SevoralJOC>raglob.l.lOIIareagsinaeparatodandtheprocouro­
p.e&toduntilall t hemenucyi& reunited, 

IJndornocin,...tanc:eahcld tho t hono:nct.erinavertic:a.lpoaition 
withl&rgobulbdowm<arda::d.)arb7tapping. Itthilliadono,thoair 
bubble -.y onntual~ be !cn:od into t he dead Sl"'ll c! the l<Mor capil­
lary &nd tho t.hGm<~~~.oter >fill be ndned , 

b . Morcury R.....uns in s-iler Bulb llr!A.Id.ng at Csp1llsry 
Th!i\11111es1tllbh aitustion1a showninean:!to rei!IOdy, hold the 

tha~terinshorhont.&lpo~~itionand......,.theSIIIallerbulbover 

a~~&llb.wlenn.- , .,illW~trstod1nr , conat.antl¥:rotatingthath ... -
.._wr. The,..rcur,.intha au:d.li.arytherw:meterri&eaatthea...., 
t 1Joean:!caraJIWit beuxerc1uod1norderthstnobreald.ngorthemer­
cur,.thnad occun~ . During the hosting, thethenllalle'tu should 
occasi onall¥bebroughtt.o avarticalpodt1ontoaB'&1lhaat1.ng hae 
beansuttichnt sothatthe...,rcuryi'\UlS down the eo.pil.le.rytothe 
l.argebulb, Uth1eocc<U1J , theamallairbubbleh~N&haddownward 

int.o the lr4in bulb, haination mq show that the llllreur)r thread 
breakaatthap:roper pleoeaOOthatthethe.....-tortuncti01111noT<~&lly . 

ll""""or , beloraitblllled, the...,:ropoint al>ould bo chockodbyil:aen­
ing t heinlotn-.tinice. 

Ittheairbubbloi&inthelocpodcspillaeyorthoo:ercu:ythraad 
doeanotbroalcatthep:roperplace,the procedurorcc<:mllflnd.edbolow' 
ahouldbe!ollcved , 
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c , ~~~~::~ffia~QdU nur!~a~n•:,P:s_ee~P!:.;,.ct thb defect , 
the thoo.-t ... U plac-.1 111 & nrUeal polition, lu~ bUb d,..,.,.,..S, 
and llhWI a continUOUII •rcW7 thrud hal tonoed , cool the bulb to a 
YefT l crwt•J)e!'atlll'e , J.menoJ.n&, itnects.&z7, 1n • •&l.t-1cellixt"" , 
Holdinathetha"""""'teratthelooptd capill.&ey' , qu.ickqrever .. it 
with a jerk. Tt>etllre&dwillbreak atthe&ir b.tbblaancl....,.allo 
brukattheu.u.alplace. Altertbe..Uerbulbil!lll.:lwiththe 
-I"C\Ir7, tum UJe the.-t.r to a horhontal ~iUoa and. ,..""the 
larprbulbel.Qwl,yandcar-tull7toaboutfO•c , TboairbubbleU 
dri...,.!o..-r<~ , Ret~m~t.htl'liiOI:Iehrtooriltnal...,.itionanclcool, 
TIWo proc•• or alternate coolin& and heattn,; b cantin\Wid until l.hll 
&U-b.!bble11abovethamerelll'J". Iit*ltbether-t..rbe&fnsto 
f'llncUon no...U:, ap.in , 1t a but to ch..:k U. aero rNdlfll b)' 1n­
.. rtina1n-ltin&1ce. 
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~~Vol ' 
'l'..peratuntDitfer.,ceCorrection(!) 

" .ow ·"" ·"" ·""' .oso .060 ·""' ·""' ·""' .un .ill .LU 

" .ow ·""' .0)0 ·""' .oso .06> .on ·"" ·"" ·"'' .w ·"' " . ow .o .. .0)0 ·"'-' .OSl .06> .on .o .. .092 .104 .w. ·"'-
" .ow ·'" ""'' ·"'-' ,052 ·'" ·"" ·"" ·"" ·"'' .ll6 ·"' " .010 .021 ·"" ·"'-' .053 ·"' .ens .oes ·"' . 107 ·"' ·"' .. .010 .021 .0)2 .04) ·'"" ·"'S ,076 .08? .m ·"' ·= .m 
" .Oil .02> .0)) ·""' .055 ·"" ·"" ·"" .100 .ill ·= ·'-" .. .Oil ·"" .0)) ·""' .o .. ·"'' ·'"' ·""' . 10> . ll) ·'-" .>Js 

" .Oil ·"'' ·"" ·'" .057 ·"" ·""' ·"" ·"" . llio .us ., 
70 .Oil ·"" • 034 .... .057 ·"'' ·"" ·"' . 1/)4 .ll6 ·>2"1 ·"' n .Oil ,02) .035 ... , ·"' ·"' ·"" ·"' ·"" . ll7 ·"' .lU 

" .Oil .02) .035 ·"'' .059 .<m ·"' .09S .un . ll9 .m .UJ 
7J . ou ·'"' ·'" .... ·""' ·'"' ·"" ·"' ·"" .m ·'-" · "-S 
74 . ou ·"' .OJ6 .... ·"'' .07) ·"" ·"" .ill . ).2) .>Js ·"'' 7S .ou '"' .on , 0!t2 ·"'' ·"' ·"" ·"' .w ·"'- ·"' ·"'' 
76 .ou ·"'S ·"" .oso ·"'' .075 ·"" .un . llJ ·"' .,. ·'"-77 .ou , 025 ·'" .051 ·"' ·"' ,089 . 102 .us ·"" ·"" ,1SJ 

" .ou .02 S .o,. .051 ·"' .077 ·""' . 10) . ll6 ·"' ·"' .155 
77 ·"' ·'" .0)9 .052 .06S ·"" ·"' ·'"' .u. .m ·"' .157 ., .Ol.) ·"' .0)9 ,052 .066 ·"' . 09) ·"" ·= ·'-" ·"' .159 

<n .Ol.) ·"' ·""' ·"'' ·"'' ·""' ·"' . 107 .m . 1.)4 ·"' .16> 

" .0>) ·"' ·""' .OS4 ·"" .on o09S 
:~ ·'-" ·"' ·'" .16) 

" .Ol.) ·'" ·"'-' ,055 ·"'' ·"" ·"' ·'-" . l.J' ·'" .16s 

" ·"' .U"I .lU ,055 ·"' ·"' ·"' :~ ·"' .140 ·'" ·"' " .ou. ·"' ·"" ·'" .on .oes ·"' ·"" ·"' ·'" ·"' 
" ·'" .028 .04) .057 .072 ·"" .100 ollio ·"' .UJ . 157 ·'" :i ·'"' ·"" ·"" .osa ·"" :~ 

. 10> .us .l.)> ·"'' ·'-'' .174 
.014 ·"' .044 .OS9 ,074 . 102 . ll7 ·"' ·"' ·'" ·'" ., ·'"' ·"' .044 .059 ..,, ·"' .10) .ue .,, ·"' ·'" ·'" "' .015 ·'" .04S ·""' ·07S ·""' . lOS ·"" .1.)4 ·"' · " S ·'-"' 
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:g~~ ·"" ·'" ,102 .ll9 . 1)6 ·'" ·'" .,.., ·"'' "'' .017 .OJ6 .069 .OilS ·"" ·"" . l)7 ·"' . 172 ·"' ·"" 404 ,01? • 0)6 .o, ·"'' ·"' ·"'' • m .u • .157 . 174 .191 .209 . 

"'' .O~? ·OJI .053 ·"" ·"' ·"'' .UJ ·""' ·'" .175 ·'" .m 
l06 :gti .0)6 .053 .on ·"' .406 ·"" .w ·"' .m .195 .m ,.., .0)6 .Ol4 .on ·""' :rol ·"' ·""' .ill . 178 .m ·""' "" .0,. .OJ6 .Ol4 ·"" ·"" .u; ·""' .162 ·"" ·'" ·""' "" .o,. .on .Ol4 ·'" .091 

:~ :~ ·"' . 464 ·"' ·"'' :~ "" ·"' .OJ? .oss .07) ·"' ·""' ·"' ·"' ·"' Ul .0,. ·"' .0>6 .0"14 ·"' .Ul .uo ·""' . 167 
:~ ·"" ·= w .o,. .o,. .0>6 ·"' ·"' ·"' ·"' ·'" ·"" ·"" ·"'-m .019 .o,. .057 ·"' ·"' .m ·"' .m ·"" ·"' ·"" ·"" ll4 .019 .o,. .Ol7 ·"" ·"' .ll4 ·U4 .153 . on ·"' ... ·"' lll .019 ·"' .o,. ·"" .094 . lll . l)j ·'" .47) ·"' .w ·"" U6 .019 .0)9 .o,. .077 ·"' .ll6 . 1)6 .155 .174 ·'" .m . 2)2 

U 7 .019 .0)9 .059 ·"' ., oll7 .lJ7 .157 ·'" ·'" ·""' ·"' ~ 
.019 ·"" ,059 ·"' ·"' ·"' .us ·"' .m ·'" :~ 

.m 
·"" ·"" .060 ·"" ·""' :~ ·""' . 159 ·"' ·'" ·"' .o., ·"" ·"" . cal .wo ·'"" ·"" ·"" ·"" ·"" .m 
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ill .oro .ou ,0., .0111 .101 ·"' ·"' . lhJ ·"' ·"' ,, ·"' = ,0,., ·"" ·"'' .0112 ·"'' ,UJ ,,., ·"' ·"" ·"'' ·"' ·"' "" ·""' .ou ·"" ,()6) ·"'' ·"" .w. ·"' ·'" ,,., ·"' ·"' "" ·"" ,o., ·"'' ,()6) ·"'' ·"' ·"'' . lh? ·"" ·"" ·"' ·"' "' .021 ·"" ·"'' ·""' ·"'' ·"' ·"'' ,,.. ·"' ·= , 7)0 . 251 

U6 .07>. ·"" ·"'' ·"'' ·"'' ·"' ·"' .169 ·'"' ·"' ·"' ·'" U7 .021 ·"' , ()6) ·"'' ·"" .ue .u.? .171 .191 ·"' ·'" ·'" "' ·= ·"' .064 ·"" . 107 ·"" ·'"' ·"' .15J ·"'' . 7)6 ·'" "' . 021 ... , ·"'' ·"" ·"" ·"' .151 .17) . 194 ·"'' ·'" .$> 

"" .07>. ,04J. ·"'' ·'"' ·""' ,,, 
·"-~2 .r;~ ·'" ·"" ·"" ·"' m ,07>. .041. ·""' ·"" ·"'' ,,, -154 . 176 ·'" ·= ·"' ·"' "' ,077 .044 ·"'' ·"" . l.ll .m . 1~6 .m ·"" ·"" ·"' . 766 

"' .077 ·"'' ·"'' ,099 . ll2 , >.)4 ,, 
:i~ ·"'' ·"' ·"' ·"' lJ4 .077 .045 ·""' ,09Q ,ll) ,,, ·'" ·"'' ·"' ·"" ·""' "' ·"" ·"'' ·""' .on , ill, . >)6 ,, . J..Cl ·"" ·"' ·"' .m 

"' ,o, ·"" ·"'' .091 . ll5 ,, . lhO ·"" ·"" ·"' .251 ·"' 1J7 ·"" ·'"' ·"'' ·"" ,ll, ,1)8 . lh> ·"" ·""' , 2)0 .252 ·"' u• ,0, ·"" ·"" ·"'' .llh ,1J9 .162 ·"' ·"" . 2J1 . 255 ·"' 1J9 .07) ·"'' ·"" .09) .ll? .u.o .w. ·'" ·"' , 7)) . 257 ,,., u.o .02J ·"'' .on .094 ,WI .m ·"' ·"" ·"' . 2J5 .259 ·'"' 
"' .07,) ·"'' .on ·"'' ·= .U.) . lh? ·'"' ·"' ·"' ·"' ·"' "' .07) .... ·"" ·"" ·"" .w. ·"" ·'" ·"" ·"' ·"' ·"' "" '"" ·"'' ·"" ·""' .ill ·"' . 169 . 194 ·'"' ·"" ·"' ·"' w. ,0'4 .... ·"" ·""' ·"' ·"'' ·"' .195 ·"" ·"' ·"' ·"' "'' .0'4 .050 ,07) ·"" ,UJ .u.s ·"' ·'" ·"" ·"' ·"' ·"' 
"' .074 ,050 ""' ·"" .w. ·"'' ·'" ·"' ·= ,,., .m ·"' U.? ·'" ·""' ""' :~ ·"' ·"" .174 

:~ 
.w. ·"' , 27) ·"' u.s .0'4 ,051 ·"'' ·"' ·"' .175 ·"' . 251 ·"' , JOC> 

"'' ·""' .0 51 ,,, .101 ·"' ·'" ·'" ·"'' ·"' .252 ·"' .;m 

"" .025 .051 .076 .101 ·"' . 153 .17S ·"'' ·"" ·'" 
,,., 

'"" 
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P..\TI!'t'IH!'J (6} 

~. ll'oodeBoleOoeanograplliolut1tllt.,4ert .. dtoO..tel"'Cine t" dolopth ofwilldalrl!!!!. 

--~ 
T!!!llenotlll'eiiet"ice ~ I'Htotooppero.p1llal"J'tubeoper­

U1!111•1ioul'doD.tllbto, 

Pnouure IO.ptbl ~nle• 8J'lphcnbellowew1theli4e carrier, 
Sprtll,lteM10D.31Dlbe,oOIIII)noeeeeepringOD.e1D.ch:41l0t\. depth• 
2f8l~. ooa;>reuuepr1naO.?illcbu. 

Jleoord.lne;deYlce. J.n10kl)<!glJoud14111ce.n1e41a ea 
..taptert1nedrl&J.dl:rtot.Q e:rlpllcabtol.lowe, IUIII.IIOYOIW1tb 
preeeureoa\be lo~~&ubofU..IJI'. J.et:rluet1ttodtotbo 
&urdoD. tube aoYoe •1tb t-reture oa n.u'f'OrH ana. 

'l'be1"Hult&ataot1on h rocordedb:rtl>e ecreteblet'tbttbe etJlWI 
ontbe-stua dl<!e. 



'" 
J.oounoey. J.ditfanncaotl/lO"F.canbaNcop.tzodlntb& 

t...,oraturodepthc~,Htholnatrumootu.dalldoa ... ogcod, 
llonoell71/ll"!', preo1alonloozpoct&dall<lcbtalnod, Tboabaoluto 
aecunoo:rdepn""ontboaccuncyottholndo:robunet!cn, 

~ J.re amoUd Slue (1~ :z 1 3/4") ""'"'• by 111Cht.n1q the 
glu1 atth "ebd ou,• "'"' ...ok11111 tn the .,-llC>• ra. or &n oilla:l;l . 

Callb,.,.tlon vtd Eech llletnD!Int h plteed ill 1 preuure tatok 
el!daurleaotcd1bretlcn~•daatkno""tampentur..andprenuroa , 

Thhhemplitlotdtoaha.dei>thaatlOtootlnternla , arultomperature 
etl":!' , lnternlB, 't'tl<tlnatr\llllllnt abouldbe.....,dthnotad.,.ery t!Jio 
anadjuatmant la.,..de . NanlRoaoa!"<lh!atel>lhllolont, H,W:,C. tli;Jcicyu'l! , 
Hl.l1flo:z, lloo41Bolol0o,..nop'11ph1c i.,.t1tuttonatWoo4.oli>la ,M&ua­
chu.atta , llA4 Scrtppa lfi&Utlltlon ot Oon4<!gnph)rat r. 1oll& , Clll­
ltorl>ia , areequll'p&d tocdlbno.taln.t:rumotiU. 

TboB'I'blocurodtoleOW\dll\811110 (l/32"orl/H" 
plnnhodateol.oWI41n&l1,.., or&qUinhnt), Tho line h load 
t'rolllaaoWid1q•eh1110 {lttohin) crautt.blcw!.nch, CTOratnTillins 
blockcnaboaml.,.di"'l:""llclurotth<lall.l.p'addoa, 

(•) KUI¥thoobao.....,t1on: .l&J..oN •ltde h placad in tb£1 
didocarrtar, and thQ dOOYI eloaod CTO:r thQoponinS". 'lbh auto­
l!lllticallJ brlo.c• tho •tYliUI apinst tho dUo . Tha 1111o b haulod 
ttsht•1ththatranll1nsbloctap1utth<l•h1p'aa1de, Thontbe 
blccl<la haul•dout to thoandotthobo<ll:lehllo tha 111111 b •t.cl<od 
otttoella.tor..,~nt,Wballthotrnnllutaae01ll'8atthoo!ld 

ctthobo<a,lceorthoBTtot~•llfhco•ndallowittotn11111tho 

aurtac•nto:rto:r:lO•~ollbtoooaotot~1"1t\ll'O , 

Let so at tho111cohaD4oll.ce thel1110 toru~~t'Ne till 
thaNqui:radlll!l<lUIItotHnohl'UD.out, thenatcpthlnmout, and 
bca'l'oin, Br1nstha1n.nru:e.onttothobl.cct , thanhllultheblocl< 
111boar<i,atthoa-tilllottJc1nsupthoalacl<111tii<>Uno, Re­
t:r1onth&1,..t.....,nt, a!ld,.....;~n thodldo , !!a...Uoonlybytho 

edgoa , 

.la110ollupon1blet.ltaaaiOllj>ltOtaurt'loco"to:ran4 
obuM'8thot.ampe1"1tiU'O,a1tha•ta!ldar<ithe-tar.(l)Til18 
pl'Cl'l' id"al<:lonnpelntont~raturedepthoUl"''t ,b)'ahlchthe 

Jllli'1'0•ybet1ttO\!t<>th•callbratlons:rld. 

1!ula1ra-.:run-outdepen4•o"thoahlp'••peaclan4tbecon-
41Uo11 ot tlul seer (haw rna tt ..,...) , Sno:ral trial..,... ehould 
t>e=-da,IIOtlngth.tai~..cut,crath•DOnl.ll'iD.fldartoeotthll 

:!.!,~i, ::.:11:/~~hr:!:'i:uod by tho BT. Tllo" •boul~ plot 1n • 



'" 

Tile toapentura record. uy btl oxuino~ H cnco by ploo l ~~g 

tt o<rtrtho etalldar<lgrU tntbll YloworprcYidod . 

(b) Prourrtnsthodt<lo: J1nttukalndo:<110tltloMOntbo 
dtde 1nd dtp tt tnt!'oahMtor , ond tlMJ.lyiniiiQ'locoteto lecqUOl' , 

ollddl'}', 

(c) Proaei"'I'irusrocol"da• It hcu..t<a8rytocetntbo <1ete 
penunont by a pbotogMtpb.tc olllergo:D:~ot of tho dido , olld 1te 
~:!;!::,uon grid , M tho lack C>t which ell porttunt deta b ro-

' ' . •' 

... : 1 

(Indite bookaplut tech 

24o00houri>Ctett on , Lccel 
otanderdorGnoonl'lchMoenT!me, 
no t oeh1ch, Thendey/JDOntb/roar 
bynu:obou tn.-ogularoi'C!orfl'om 
thoahcrtostto1o"6"•ttimaln­
torvel,o,g, 

~2l/E3~/4.e•J:21P,W. , E:'irdot 
""-Y, 11146 

~lat1tuc!<>all4longitudatotho 

d&groeotprooS.lon lndtcu~b7 
tboMT1p t1on: 1,1 . thhwculd 
baiDOroproabo tnhl'bouretball 
lnthoOpO!l loe . 

Thounltoqu.oNootlatitlldoend 
longl.tuda ar<> lndGmd b)' tho beer­
tngaottholoweotn~rodo>OrtiOl' , 

::"",!!;!~""- tn queruro nUIObol'Od 

h>l<ltpc>ottton 
Lat4Q"U,e•IILc~~gla>"3?,8 '• 



T!cp!,..tureGredtents, 

SWh Gn~41ent.: 

Wi:mdo:r 
I aothen.I •Win 

) 

,,, 
Wind <!.ln>ctlcn.,., to...,o (SN.utort 
ecll•l Cloud.t ((l-10) . k,...~r 

.ur 'l'oc:~nuun,!!! ..,.4 ~bulb, 

SN, Imle•ell , ~tiOill. SUr­
fiCi llltllrt...,."tun, 

Br nuz:ber {To tndentttycallbntlon 
srt4) llllp,obeor-r.r,•te. 

(T-.p, c ..... '"' 'tthdopthl 

(~. I!ICniUOI•Ithdeptb) 

(Oradtont eltlbt , lubjlcttoour 
o~cp; l•u the.ao. :5•rtl00 tt, ) 



,,, 
Stplt1caace, 

bothai':011llftl!1Mtuwetarhaabaanm1Ddt\U'bulntl)", 
oitllerbythewtnd, ortlootllntcha~~Mh , etc, 

B!lS!..tl.!! ladtcatea aurhloahuttng;tnsobtlon, 

Poa1tho lndteatuaurl'&ca oooliagucudela110latton 
endeonYectton, Con.-.otton~blrepreued 

llecllu.oootnl1n1tygrw.dt.llt , elldtn thh caN 
thopodthegno.diant 1e eubla, 

~ iudlcatu unotllhl e dbt.tlon subj..,t to dlumal 
ortidaloliii.II&Q . rorox....,loJ.tton>Ocnettaot , 
Tbh 1e tho aurtaco 111nab.g {0- 1 rJ or tlul aur­
tacolOtoUitootdurlngthedar, a lld O\lbUQUOnt 
cooling duri ng t ho night , Oecun ellly In cloar 
ooatllor , o1tb11ghtwlndo , dur1n1Jthaau:=oJ' . 

Structure h the rel.etlon or de,.,tty to depth , at &!IJ' one 
podtlcn , ataa~ctrl&dt1JIIs , Ob1'10Ullly1t.,.:vchallg8a1ththa 
dhte.Dca or tiu . Ill O!Q' cuo it l:l!ly be ...,..,ln><l Into a t-ntllnl 
an4ult!1.1 t yl'llc tors , 

Itma7b<l geMnll,.accaptltd {on the bub otu:pertaoca) 
thatanymajcrdhoollt1nultytnthaetruct~•l1llbe1n41catKln 

t heotel!:peretUMgr11dhnt . {Nota : IP"'dhllt l..qll1ea relation to 
dept !:! UDl••• otlle1"'1'1U apeclth~ . ) 

Deptha! elldmulUpl.ee . 
' w 

l'•retotore It Ma been r:u.otaoary 
(I>OthaYinC..,.YPI'IIYIOU..I<ncwledflt 
otthaatructureotthenter...,n) 
to•ka obaernuo,.. ort.,..,..ntuno 
anduUaltr (etc , ) at • urluot 
atarodsrdlntornle , aMto i nt u·­
polete h&tWMII the~& data , 

n..BTotrona-. ... otlllilki"'!•Qu1cteat~teottbotatruo­
tureotthe"tarma .. , end1t•potobaeMstlc118arotoh tatoo , a 
..,..,.aotu1"'llgl.ll!lthoaotoobta1nthaltll>:imllllot1M'<>l'IMtlcnf'ra:! 
e<>ill..lmtllll.Db&rctam:u>lu, 

) 
~ (B) 



,,, 
7or e'*""'l• ln tho M' recorda tndten.cl dtlQIUon (l) -wl "q.Ure 
at leut ol:r a~cttte oburn.UoM, while 11t\lf.Uon (21 DOUld be 
l!l.ll~otd -.1tb. (~) oboernUou, 

lbtolllydoeatbtB'l'dllt&pro .. tdatbeue"n:rytorelrnowlotds­
cr theo U!llltiOII nee .. urytor tlltelligent (uoppoud to blind) 
obunaUon , butp.,.,.anta o'l'orlook1nga!1011101lo~U~.ttuet1olla auohu 
the ttm}lenture tuarslontndtu.Uon (1), 

.A.tlappl1eat1onct thh t aohntqueoccura tllt!MiobHr ... tloD.ot 
11ll-&lllJ:111. 

S...alll"f&ea 

~taotho:rmalo 

Bytal<t~~gourtuotBl'lnaUDecttahorotbachaDplntho 

otructlU'IIltbd.iotoonoaoanbo,..ad11JobaarYOd, 

J.bo lntarnalwonaJDe.;,bo accuNtel)'oboorrodby tal<lnga 
timoaOl'l uot!l'l'•oatoMpoa1t1oll , a ndMt1116therloeal!dt'ftll 
of 801:10 d-=rO.tion potl\t On IUCCGU iYII llidU, 

))?)) )~ 

~· 
InatruotiolllltortMCftroandUoontthoBurfacaVouol 

illlthytlulnoogn.pb. 
Nanbtpa'U3-olt, BureauotShtpa, .. alll.~t«Toon,D,C, 

lnatruotioutoMarlnellletoorolcgi<>elObao""'ra. Ct:rcularlt, 
1W>el~l , 

U.S. n,pt , otCol!l:ooreo , 11 ... thGrBuroau , 11uhi!lf:ton, D,C, 



Kno•~ctthotacp<>raturecttha.urtaeoaoehotinerau­

ill61Dteraattorbhorm<>nonthaPacttloCoaatorcanada , .14opt1on 
oteatan~ard...,thod.otobta 1tli ll8t<=l'Oraturoadlllllftke l!ldi'Oldu.al 

readtngae<m>,p~~:."flblatothet~HtW'Oal:'OP"r-tGdlntheuProgreea 

lilpor-taandelooabaro . 

lb:perioncehaaahowl!that...,rourythomoJ!IIItonal"'lthalll<lat 
nltablo , Tho Ho"-1 typo h onewhtebhu tt.> gredUJOt1o,.. D"U"'"'d 
ontha glauat ... , and which h...,u.ntod lnapratectln...,tel eau 
t hatb ... a-uweuaroundthoblllb. Roeontlytr.pra.,od-aor 
l!ll>ra.....,-tha""""""terar<>tloottho""'roueyeol~Clluarodba!ld , or 

:~ ~!!~et band en a yollo'!l backgrou.nd , Thaae t)'pOa al'll ...,,. aaay 

Tho tha="t.or can bo graduated lnotthar tba Contlgrt~do or 
hhrellholt acalo , 'nla oe!lle abo\lldoonra toc,peraturorangotrao. 
32"l" , (O"C, )to&:!"l" , (2'i"C , )ar..c!thogre.duatlor...aho\lldb<t lnhalt 
dagreea , certalnly not ony le.rg<>r than on<>-<lovee In tomb, .l a n&­
degrndl'Oidon !hat h o.!l'.!llltrthenone-<111!hth lneh!:)ateoltdlffl­
oult to ta t!Do.tttnctlo"" ot dagreu . Thti:IOre """"""11.t)"PPca or 
eheml.ultha~te:rahan a calarangeaot -10"tollO" C ,or ..:!0°to 

100"1', , with oz:e-da[;I'ae lnternla, 'l'!!ooe aro ~uito a"-flaho tory to:.: 
obaorvlngllttortcp<)raturea , andancbtaineblah'<n~ode"tirto 
• IIPplyhou.ouond!!lllrlnoequiiDOntatoros , 

Tho unprotM t a d £].ua ato:o ot a eh<ltlie ~ l thonl)O!IIO>hr Ia quite 
hsgllo , and. It i t ad'l'ioable to pr<>to~t !twlthametlll ehleld. 'Ibe 
ooatot artannourtorathe:oo-..at.rha.:elle<:Oi';j)&redwJththaori stllll l 
cost of tl:.~ 1lllltl'l.lr>$"t , and h good IM11.."1lnea agc. lnst lou by bNak­
ooge , It ta £OOd pol!ey t~ ha'n~ a epare th~:maMter on homd to anaure 
tho oonti~u.ity or tha t eo:;.'X,.,.t\>1"0 rooords . 

Tha,......,n~routtl'J)asoft!la,.tenth.oteromou.ntedon 

wooc!enor,.telbaeto , T!>lapro1'1daattlllrprateet1onto the glaaa 
n.._ , blltllllutllytheedeltoQthebecldllg e!ldDOtatohadontha 
•t=-. Coi!IOequanUy,lttheglauatnallpoor:~~<m~al.llthec~ 

it"" loneorbearo • pra;lQ:r:reht!on tott.> aeele gzo•duttiollll , and 
theNdil:g:swlllto•ra"8. n>orotoN1t1tU;>orts.lltthatthaeeale 
beetchodlnthogl.noastci:Iottbatho"""""'tor . 

llhon DOt !.D. t'roqllent WID the thomaoeto~ IOho\114 be placed in • 
wooc!&.llC3oe , etcNdi.D.aniiPrlsht peettioodththobu.lbdown , ~md 

Opt to a cool place . Whoo tto t he=omotOl" 1e bet~>& uao4 on deck 
(tJ\dwt hopOitetllbotoaprotocUYOeut) tt obou.ld baatttohad 
toellOcndotaotl"<lng l ll:owhtehha3 1bcthor.ondaocured 11l- r4 , 
Thobnt pla~;htcpl.ecothetho=oterlntbo:ratttcl!edto tha • 
i llll i d~ or tho bul~srlc em! protoot 1t !'!:"<:1m tho 41nct beat of tho • lln. 



,,, 

hll:tnethel'aterT?cpore.ture 

Tbobootmothcdot obhtntngaourfacontor tom,pareturoto to 
can abuol<otovor tho ddo of tho boat, l'illitwtthntar , lln>l. tboa 
hlllllit ~~~'""" aot itonthadockabor<~ttb oholtor0)4 l'l'Qotho ' 
at!ldUd i WI . U..Orsotho,.holotbonx>mOtortnthohuctott-dt.toly, 
Irthotbon~K>~:~Gtort.aniU!protoetodgluoottc,lou·ottil:D::lnod 

roro!lOI:dll\lte . trtthu urtneot111Ctt.loh1oldo>"back1118, lcavo 
ltfortwomioutoo. Ilo.U"I"l!ar.ylon&Orporlo4oftl:oot11Dnttr111 
thobuckotll'.llycoolornr.:. ap;>l;<l<!!ably. L!l't the'tho..,..,.,t.oroutot 
thomtorbyltstopo.c.lyfaro!l<lughtooootbomorcueyooll.DD(ao<> 
tllu.otnttoo), Nonrb.oldtbotbonocmotorbolowtbatopottho 
~~<>rouryocll.o::m , Lllllvooa:mloboftbogla.u otomoru!bulbtotho 
... toroatopoutblo , 'l'bo:! aGpn>oautlo118P1'01'00ttboread1f16t'ra!l 
chu&!IIS wbtlo 1t ta to-.>!ld on tbo ao&lo, Hold tho tbol'!!Q:!Dtor a t 
r1sht1Lf18].oa to tbo UnooratsJ>t aM tal<o tho :ru.dl"4!:. Tho tmopora­
turaallouldbo r<>conlo41rrl<ldJatoly o ttor1t h rod • .l •...,...bor<>d" 
roadtngtonotalvar-cottOot. 

I'Uortc...,ontu.roroedtnpccnl>otakoot:ram\MthGnDCnnOtoron 
tbotog1118l'O<lm 1ote.ko , butthoroaro,..o:yroeao118•h;Jthotom1gbtl>o 
tncc ...... ot . J\)rl.!ultanco, On&inc roc:.:.tntalal t!>e,.,..,.tore aronotut­
lllllJYGt'J'MOill'l!to,aodquttoottontlwr•n~sraduato4clllrtn~ 

dosroo tntor'<'lll..o • .U.o , \h) tntllkoo:atorh DOt drentromtho "" 
tUl'tllco,ll!dttcculdbowan~~~dwh1lopautll6throu&htbocnctM%'0QII 

to toM tllteko thoma:lotor . It roodillp ero tilton oc 4111ntllko thor­
""""terthoJ•IIouldlllo:aytl>ochoekodollct lldi!Jagtli,..ttbnol<et 
tcepent11r10 .....,41ogtllkaoat tbo 8lll'IO UI!IO, OlDdtballo>orrooted. 



,,, 
't'oopornturo•nroeonvo>-t<>l!fl'<'!lonoacclotoenothor\Uitll8'1h10h· 

cvoroftllo tollo::tngto=U.M hcwrop:rtnto: 
"I". -3Z 

"P, •ll,S:>: "C,l+32 or •c , - ---r:s--

l..D.ytho=tormey!wvoe~tftoronoobot1:oonthonoBdinge.G 

aoonon thosedoer.d tho truo t""'Pornturo . Ingoo41ruot:-u:oonh t ho 
orror 18 call ~nd nogl.l('ib!n , but in oW..por tbonii«!!tors 1t a>i@ht 
onko"-big<::tttoroncolntlloroodinp , 

To dot~rr-Jn? tllo on-or, C""Plotol7 llli:IOrso tho tbon:IOD:ltol' 
(wltOOut its protectivo co~tnc) inn bunl<U full cf .,uro, cru.ohad , 
•"-lt-rno tee . Fl.cl::o leo 1= ~ulteblo nnd. easll.J' obtdnod, Tbct leo 
•ho<lld bo =ltl·.s, end t.::t~ :"Os·.!lttn:;ruxturo of teo and t:ator ahould 
bo eonthuall7 nlrr~.!. . Tt.ts t c:Dl>1r<lt\ll"Q l a nl:myo 'J'i!-7, or o•c , 
'll'lthd~thethe=!.'IOt<>r,hv:dln,<~~itbytMtop , untHyoueonaeo 

t hotopoftho':!'hrc.._-,.,1=, ThadU1'on~ncol'rom~07,1atho 

orr<>roftholnstru:::IO:-.t,nr_"nllo<~l<!boBpplicdt.oftlll"'IIdlng~~~ . Ir 
tl:.o roodlng Is Upor t~~n ~2"F , thon tt~ eoount by ;:hleh it e:rea<>C!s 
22"F. 1a to bo au~tract~J !':'= ~h~ t<l"''&raturo n>od11l6S; 1t It 18 
l<>'lnr tha.D 32"F. tt.o:~.tta er!"'r is •Med to the rosdinl;:'l . It had­
ds"-blota~koanatoottl:.1seorroct1on1nthologbootot tmopora­

turo obsorv~u~o~. 

It troquontly occurs net t~.!l colu:m or IQOrcury In a the~hr 
baccaoaaopa:retod. T!l!alsnotdweyoedotoct lnoonutecturtna. A 
al.mplo,.,thodot\!llitlrl(!thobmtoocolu:nnbtorMtonthotlter­
!XUOt erlnltacaHeoeurolyt<lsnongi.ooroombul.khoed, .:horo it h 
coolandvlbrat1na,Cl!dl .. avott lhoretor aovo..,.ldoys . hllina 
thls , thero erosevore.l"'->thod>lsoiWrflllywoodbylcboratory=!'!tore 
chiohroquiro=:-ocaratultoel:..nlquo. (l)Tt7eooUngthobulbot 
tho tho=o<:>oto~ by i=oral-"1! 1t In 110 lco-..elt t:Urturo , thua draw i ng 
thoont1ro,.,rcu.-yool=lntotho bulb ,_1!3o:>ovothobulbtrol!l t ho 
c~olingml::<turo, cllotr 1t to cem slo,.l y 1n tho room air , and tho 
co1UIIlli ,.-1111.Uiudlyron.n..lto. Trythl ei!IOtilodaovore.ltlmas , (2) 
So:oo t iiOOs a oO]erehd coli:!'.D!:IIIY bo unltod bywtlm1ng tho bulb gontly 
ovoralo-.hoet . t.!ovothotho~torbllcll:andtortllol0'11'1J'endthe 

mo:rcury .,111 bo tor<:od gn>o!u~lly 1nto t!!o ezpaa.lon cl!smber ot tl>n 
t op . b t4e t!lon:.:.;:;ot~r eool• .:hila llel~ 1n a vortloal poalticn. tho 
eol"""' o:!::<>uMrccodou"!1t;d . 'I'!:I1s,.,tho<118noteoutonatho:tlre.t 
ono , andertl'tt-'lesroohoul<ibotnll:onto nvc1<1t1ll1ngth<lexp<>nslon 
clulro.bore""'Jl let<>l:<-::Hh!!D~cur.· . 

Fl"om Prcg:-eu raporto ot t~o Pfle1t1e Cotlst lltot1oM ot t h<l Fhhertee 
R6oaorchl'<ltt<iotC<~.-,:lds,lio. 73, April, 1~11 . I'll · 14-1&. 



Intho procouo1's~~t~Pl1ng,thoroedina;otthomotor wh:x~l 

wb.lchrocordathe l ongthotceblople,-odout , cu.oot!>epnoroll,­
tolroo u the u t UAl depth tr<>mwh l ~h tho flllll,Pleo woro l>rocurod , !.II. 
otho::'1!orde , itCOIIIK>tbo UalmiOd t hlltthocablelaaUApon4od 
ozaotl,-ptl'"):endlcularlytr<mthoboat , C~UT<~ntBandwlodwill 

""""oeo1rttt , andtl:lecable111U1'ollo7thaccuracoreCIU"I'od 
linu . Toaacertelotbeectu&l4optb, .,lunprotocto41'01'ot'Si ng 
then>aDDtor h uttlho4. hom tho roedln& ot thio the1S01111Dter , tbo 
n~edlfliotthel>rotoetodthom~CDE~toreodthacbomlclldotol'll.!lllltioll.!l 

torc!!lcrtolty, it hpOs.tblo to cllculeto tbeectualdel>tbet 
::bteboe:n;ploa oro t aken , provldlol! thcprcuure oo!l.ltoot of thll un­
l>:r<>toetedthtt'IIIOl:lOtorloli:oO'Ifo, 

Th•l>rotectodtbuOIOIIIOter to so ccnotructed that thebulbot 
the'""'" themometer Is not etrnctod byl>reooure, Hc"Hr, with t!Mo 
unprotectedtheniiOlt.Oter, thet>J'OuureoctoootheU:ermome~rbulb , 

torcl"flmuch~NMrco.u-ytntctho cal>llluJ thaob)'thllnDal.otrecu 
wlcno , 'I'hUAed t ttel'fi!ICObotwooothoroodl!lfl01'thetltethfnoomotora 
giHoei!IIIUUl'Ofroawl\ichthedol>th,..ybecelculetod, 

Thooorrecttooottho11Dl>rotoctodthon~~<~~mtterwb.1chl•u.ecl 

lnconjunotloowtththel>rotocted tbo""""""tor , h •ll:l;>lerofcol­
eulattonboceu.o the t""""'""tura ofn>'l'oru lcfthelnterhi<OO'IIo, 
Tho conoctlon to detonolned tr<m 

.:. T•!'I'w - t)iT ' +V)+l 

T-•~roturao1'NHr .. loftha:Prohctedthe<IIIOCieter! 
t "tba.,:.,.,.hr. " th•eudllarythe....,..terottbeWipr<>tected 

1' ' •Readlqotthe111ll'l""tOotedthlll'UCI8tll'. 
~·=~~'I'Ol,...oftho \Uiprottr<ltedthtn>oll!Oter . 

I •llldn oo,....otion' 

h'al!lthoco,....,.,tedroad1ngsottbeprohoudenduo,protaotad. 
the.......tue , the depthetthalrZ"O""reell!lll1 beCCIIIIPIItedt'romtbe 
equation 

D" ('l'u • . T) 

"' 
whore D•Dopthtnmot ora. 

'l'u•CQrreatedreedln&ofunpZ"Ohot edthell:l:l<liOOter. 
T" " " "l>rDt>Gcted • 



,,, 
Q•Pro .. un~-cc ... untctthaW>Oir<>tootodtba,._,ter , 
d•lf:I&D.epectt1epon1tyotthent.oroclllllllll•bG¥otlle 

tllori!IQI!IOhredllobUliiOdh'aathaehlcrlflity 
dota=twUou ud tho t<Qporuuroe . 

~ JU'O••,.... COILitllat ot the \Ull'r<>tect.d u..n...ter 11 tbo 
OhaiiP ill dO&rOH tn oorrootK I'Hdllll c.....,d by • cllup tn 
Pf'OIIJW"'I or 0,10 ktlognma por aqu...., aontll:oet.r, The Co118t.lnt b 
ott"" ot'de.rofl:l!lgn1tudo ctO ,Olud bucortat ... db'catho 
tllo-tor ooM1t1clto 'lrhlcb, bcr...,TVr, 11.111.1113' liT .. the degrM 
c~w~&e in ton tlmool tho nlua ot Q, or tn ctb.or ...,...s. , tM degroH 
cb.llap 1ft rotdillf!:ll por tUocrm por aquare oantll:oetclr chai!P ill 
J)NIIW"'I , III(9:1DDnl, onai!IOtor llldoptllb Of!Ulftlont toaebo.np 
O.Ol"C. tortb<locrnooted:rHdinp , 

Ill...,tntion: Thecon..,tad...._dl.lllofthprotectedtbllr­
-t•r 11 1 ,~ ; Of thto \lD.pl"'tiOtlld tha:m<J~»tt.r ~.8ll0 ; tbe UUIIg8 
deiUI1tJoftbenter,o~Udl'l'<acb.lol"1.oit7111d~ntW"'I 

4atam.1 ... ucna.,.doettwolT041ttorootdop~bl.OI!N50, '!'boo 
preuur. oomt.ant u tUcgrq por eq\la:O aoat1lllotor, 18 sJ.nll •• 
O,llt.ol , 'lbatruadoptbil 



OC:.U.~H.ICDJ..~(4,8J 

Oc6UIO£r&j)h1cdt:taiiWit.,.,_,rocas .. d!ra:otbes~otoriain&l 
r.corda, tocorrectedd&t.a, to&n~ol.yt!calton:t,&.KI.in&l:n-aent&tion. 

Jatailrarel,.·, i.!awr, ·r<uentedin!tlol"l.(1roa.l!om,wh1ch..,.t 
becorrcctedtortheci,o.ra.ctarh~cs ottht inttf"lll:lltnta&nd et.&nd&roh, 
&ndlllluall.:f!."\terpratecl toau!tthore<t\.ir-•ttotthe .rojact. 

':bere&renosetforru~oraeryanca!orrecorda, ~ttn.,.~t be 

durabla,convl!!"..!tnt, aM.o;,=a.11•te:>"otdovelo:-;ot. It.M.J been 
fow:d cost J>l"'Ct.ical to ~~r original c:ata, and to nake U..t.Neent 
and ~correction:~ am .lZ"elbdniU""_r cCI"!Teraions on a.~ •origina.l 
d&t.as.'leet•. FrCDthieU.ecorrectedv.,J.""sa.ratranoferredtoa 
•t&!rehtct• \.1-.ic!l hthe )"t'ccrd ot the """'"-~cgra;>hlc pro;>ert!• in 
accej>t«< =its. ?\:rtna~ :n-oceu~ nJJJ b8 :-eQ:Ur.-"'<1 to tul.till tho re­
qcl.--nteo!IUI.investtea-kr, 

Or!rlnal.Data.ihl:'lh 

The original recor-<:t o.re tile ~>:ril.:ae facaa u1dence or tl'le obl.erva­
t1on and eYDI")' carem1111t be tlk~" to IINIUN n.eir rellabillt7, per ­
IIIUI.MCO, and ucurit:r . Tothe~o ends certain n:le& should be toll.a.<ed , 

1, lhtas'\eeh arei.Wlool:fil.>h<J<I!omsonagoodar-"ldaotbo:w!~per 
t.N.tladurable, andusable>then>tet , ..>p~-ce b prov'.dod!orthecon­
vartionotob:le!'"TOdl"aluee (titer, thcmoc:.eterreadinp, coluo:nheighh, 
etc. ) tothecorrect'>'C!Tl'lluu (3'/,. , :r•c, concentration, ort.c . ) . 

Tbeua!leeto :!!U3tprovi<::eforell ;><'rtine'itdat:o, !actore, and 
rele.-...cee, deC1n!.1!;tl:~con41t.io!lll of the &.'>&~as. tr,>e c!fo,. 
frec:uentlyw::edt~aw"YIIys•l.>eret-n.ture,and:i<llnityhob:oer-«><1 

b siloltninfi8Urc l. 

h..,s.,.....ralane.l;-sesotthewatt:rll&ll;le.>retobel!l.lld&itb 
com-anianttohaYflse;>oorate origi."'ald&tasheeta•!cr-O(!.chanalyst. 

2 , The <":"bl.Ml d~ta are ~ntered irl dt'nlleat.e , '1'.110 data ~heeU with 
aearbool interle&fll.Nipr-ovi<lfldforuchltadon, anCaNise<:uredin 
&lpringcllppedhardcover. Thecovereho~behea"'7tnOUCht~t 

1t.c&nnotbebl.ownoverboe.rdbjHind,c::-wasr.edoutthescuppers. 

) . bltri assra=<i'IYithaoft (Bo::-1\9) bl&cklcMpc,cj!. Ink or 
L.dallbla pdr:cil rocerdl SillOI1r en .'lit J)llper, 4114 tade with time. The 
l.onghhtoryof OD:~cnt10<>I'.1111 ):'Z"C'""" thaet!1cae7Ctsott.bl.&c:klaad 
~nell recorda . 

4. ~&re.ad&ontheoria;ln&ldata~heat.: . I!&nuaberia 

t.Gbacll&n&ed, ith e~'~loutu-.(ltheMVnwioor.nterodabove1t , 



5, .. nomentriesarec<D:Uete, the'd.&t.ashutsare .. :.rat<'ld.and. 
~ 1n upan~a filing fold.e,., , frao .,hich th~y are!:!!.:!!!: removed. , 

6 , The oridnaldatasheets l'OO&inlfiththe ex-oediticn, whllatha 
duplic:.t .. are sent , by reghtered. .. u , to the haM eotablla~t 
at ti" first 07.>Qrtunit;r . It .,as t~.ia precauticn •lhieh ,.-.ournd the 
recordscfC..?tainCook'aexplorationa , 

1. Itheusta.a.,.toob!lerve t.he.'ro;Jertiu ofthe .. tareta 
urieao!d.hcretede;th.o , eta ?Osition, at a !ixed.ti...:e , Such a 
urieois te~ a station, andprovid.esaunitcfd.&terequirin;!: 1n­
div1dualtreat.Dent . ~beauat~ra~:~~,Ungatation, b&ti1Jrtbemoo­
gr&pb(!Jl')station, etc , 

8 . Ithubeerltound.clvbablet.orecordthaactu&lreadl.ru!aofthe 
.!!!!..t:.~ , an::lalll>8equentl.7to.:.aketheeorrectiOM . Thiapreurvu 
thaorisinalcboenaUona, .,iehcannotberepeated , and.;>enal.ta 
ebecltlnsallaubs"'uenttraruofor_,.tionstepa . 

l t hasbeenfcW>dthatattomptatoJW.kelllent&lcoM"ectiontatthe 
tl.JM cfoboen ation in.,.I"Ublyruulta in error in the record.l , and. 
conJ"uoionut.otheccl'"t'<lctton.~e . Theobolerveria"ru.,.-enC\1&11 
lfithauenti&lconaid.erat10118>d.thoutthaecapllcatJ.onao!cental 
aritlaetie . 
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I t emlJ 

Ittal.4 

~;:. ~it:'.mti!1011th.eburettelln:!1taacale 

cor rectio!IBwtl1charc)reslllilllbl.yavii.l.lableinthehOI!lelab­
oratocya.ndonboa.rdah1p. 

~ti,eo~=t~~al~~;i~~rt~! ~'~~~ =~ .. ~~te;;,~ ... 
data """ N-C • .ir-..<1 for t he solution correction~~ ~a outlined 
i..'ltheprevio""refel·ence, 

Tc:tiT.I.l< Terr.;>oratu.e of the ua wakr """~leI a.nd t ... pe r a­
~the o1lurnitrate•olution , 

I t«nl6 ~~Tw.1]ler.t'-'""'diifcreneeTCl · 1'Agwhichi5req\J.ired 
to nlect the ,:roper collQ'l !ortl".e convua1onCl/lto 

Itenl7 

Cl ' / .. inTableiof t hepreviOU!Irefe...,ru:e . 

llauo.lly the'"""'~"" fr'11l O!le otation are analyaed ill a 
air,eleoporation, andthb t anperature r elat icnhconet ant . 
Howveritahouldbochockod!raqu.e.'1tl.yandaigni1"1cant 
c1if!ftl"enceo not&<!. , 

~. ~;~t~ .. ~~ -~~. t~~;~:.~:u~r!~ ~~..;:!=ted 
1-!eteoNlogioalObiservera , Circular! , U.S.Depa.r'"'"""'ntof 

~=:.,~·~! ~~~~·~~;hi~~~~~~~-~·~;• 0~~~ • .;uperin-

S&. S. SeaandewellaccordingtotheDouglnsw and a""ll 
ocale(ot . previ"""reference} . 

~1-roportionof sky(tenths)co,·eredtr,r clouds(cf . 

pr eviouare!eronce) , 

In thes.,...goingoperaticno itiecuato."!l&l'";torel.y on 
theshijl ' ootticersfcrnavigaticnandpcaiticn . 7crthh 
purp<>!l&&decl< logh pr<>videcl (1"1gure2}.ohcldng the pert . 
inentdatu!orrepi"'Cductiono!thenavigationbet\leon 
at.ationa . 'l'hoo poaition mwo t be entered on the original data 
•lleet••soon&ljll"I>Cticd, tocorr,,lete t.herecord. !lata 
at anunlrn<ntnjl011tionioofnovalue . 



Tir:.e/d.ategrou;>. '!bia !.the t:IJ:iao! a .. ;le n\.D.ber1end 
tha.U.tein1oca1atand4rdtimoo, 

t;acauuotthllcontuoiont.'l&treaulhrr.-thtlordero! 
n\lillerie-.1 notati.,. b>J t~ &itUh s:,_t.,. (U::IJ/6/fJ/~ • 
ll:JO a.m., 6 .b,'_c.t , 19~) end the ~ican ,,._t.., (UYJ/ 
6/C/'50 • ll:30 • ·• · JW>o ~ . 1950) 1t 1A :u!rt..abl.e to o:liat~ 
ingubh~t .... ent~nottion!oro;I&J'an:I:OOOth , e ,g , 

ll.Jl)/6/VHI/'50orl>otterllJi)/6 .,.,.../so . Thet,..crou.Jh 
U•.';lJ'Srour!iaUNitenc':eannotbecontusedwithtbot l:ert 
llhicherealwaystwotigurea . 

Other Properties an~ ConatituenU 

.:iil:dlar t)'llOI&o!crigina.l.datallhcetaUJ'be;>rovio:l.t!orcb,.rva­
tiona or othtlr prcpertus L'ld con.&tituenta u reoc:Wr.t . L'l all. cues 
theobsernod.-o..sll!'«>onta,at.&no:!ard.l , ete . erenote<lonthtlcrigl.nal 
d.ataaheets , and. subee<;U&Iltly t no.'la!o;,.ed.tot.he=ih inwU.ch th.,. 
are to be re~rte<l cac~ step....:! factor being shown. 

~ 

Thao:lata!romaachatation&reacc\Ull.4t«<cnaraird.ataall8et 
inthenquiraod.Wl.it s . Thaaeahaeh&rellllual.lybcund.inal.ooaelur 
notebock!cr auy....Uplllati on . 

It c.a;r be noted that the tiM date ucup t o""" a convenient index 
!oroceanograpdc atationse . g , 121~/J{Vlll/'JO ; til:le/~/....nth/~ . 

~.!:r'c!t~e~t~h=~ ~: .u 4~(~;us~~.m~t::.ed~~~~ 
l.24•quarta r J , witllaaub1nd..:shmtl.ngthee:ractJX1111Uon. ;>requentl)' 
<lata are inclexed wder both aYt~t~~~~:a to !acilltate aortin(: in tenQ or 
W..Oor~aition . 



- 7 -

Depth . r;,t":"•. J=;>J.etaken(t~) . !..,~1. 

, , ,'5?~¥. ~~ .s.-s. ~".•t.• ... 

(l) Jt.ation . ~~ . . (2) ate !•/t/~0. , (12} lnd ~~! (13) T-..~~'f' ."}7'.W 

())Stop (til») .'"!~ 8.. . (l41 tea .. 2 .2 ... {15) Ba:r . (Op~- .s. 

(4) oteerve position (til:lot) .• •·rs.o . . . ~.-:4 . 

m <oeition . . ..... . . (6) Lat • • 4fJ ~ ~9,5.' -~ . 

. . . . .1~ q~, ,-J:_o_s :-.;- , .. , (?)Long •• !2.!<'?·.r'. ";-~, 

.. _ s-.~~~- 11~ _,!!"'~:! . 
(8) De.,th !"~ ("'} (9) Saq>les t.alcen (t~l , 'lV', . {lO) Procee:l • ("7;'~ • 

(ll) COIU'!Ie and •1*"1 , ,;;,;7~ '. f'-!' . fJ- .5. ~f~, 

Station .. ~3., , . Date ! 1/.r~~o.,, M-4 • Ter;,p.~~f! . 'l;EI:'~. 

3top (tiAe) , • , ~to;+;t, . , , , , Sea , , , !-I. , 1,0?~ ,0. 



~lan.o.Uono!JeckLon 

'.:1\41 Mlc Log t. I>OI"IO&ll.y ke,t on tM bl"idge of the ehip ..00 -
teredbyUlao!ticero!tMvetch, Itiel.nde;>endento!the0!'1g1n&l. 
il:.taShaetandeVe:cy'Cill'ltiUStl>eoaereie.-lt.o-urethetUlecroae 
referencee&reccns1Btentbet•taonthetll0. ltt.!XIIItaati!ICICt.oryto 
re!e;• alldetetole><:alst.andardtil:le<»carried bTti>eahi;>'a cl<><:k . 

(1) ~~ror desi.:;n&Uon . ThialluauaUJ<Bidtteddurl.nc 

t.heGpOraUon, andent<tredtlllet\lreterenceke-JU&asio>ed., 

(2) !!!!,! in l.ocel atalllerd tLc. 

(J) StopCtit:e) The t.i.uethe ehipb ato;r,>«t . 

( 4) Obse)"Ve .osition(th>ej . The tL.oo required too;,enee ttation 
Yll.l'ieetrcat...,nty minuto3to t....rt.:r hol:ra, and;>os1t1onl:l&;fbe 
obsei'Yedat-.n,:rtillloot<lurin<.:tMsto:>, 'bentheaHJ> Udritttns 
:!,~:1!:'",:.,7.~: necus:-ry to know tM t lae to which the logged 

(S) Position. 'lht. a t!!t de~cr1.>t1on or tl:t J>OIIition in te,.,.. c! 
~c!cbeei"VsUon, e.a.it P~~.Ybebe.:.rinl:andc!.ietance 
t'l"C<l a ::~~.rk, t;u-~e 'Oint bearintt by COI.l)e.» or '.rt.ant, or 
"tn.l interee,ta . 

ltt..a<"vartQ,:ecueaz:d.wouall,ynecenarytoplotthe~iUon 

oroacllstationcnaeuitllblechart&tthot:lneo!obeei"VBti on. 
Th1a cll&rt b tho original r ecord or t he nang.tion a nd thou.ld 
bepruervodalthtorigir ... lrecord. Itiead'\'isablatoproYide 
u.;>J.ec<r,.ieao!theeharts~red, &ndto•inkin"thepl.ot 

with -t~rproor ink bo!ore tiling. 

(6) and{7) Latitude&ndlcnsitudodettnoi.."ledll'OIIIit.s:o(S) &ndthe 
pl.otontlleci\Art. Then valuca &rerepoLted onall.oriainal 
d&taahcota andeub>lequontreccrdinga . 

(C) !!m!!o!vatu a tthe otntion !,..,..logllneorechosaundl.nc• 

(9) $m:dcatAke (tb>e) Thetinoctdrop_L'l8the •nquto t r ip 
U>ewator :su.;>lingbottlee. It there&retwoc1141h thb 
tt- rercn to tb>l .. con:! . 

C .. ;>o:U"isonofth.i.Sti:ll4>1tith tt-ofoboOrYitiotiO(p<lllition 
(itOD4)ind.i~Utos tlloreliabilityoCthepoe1tion , Th .. eit<IIU 
ahoul.d bo ::ll.de to coincide n nearl:r u ~-libl.e . 

(lO)~t.&t~.tillew~t.hethipproc:ud•onthecour .. tothe 

(11) Couruand sJ>Oodtothenut etatian, e'ler:r ch&.'I£OO!courae &nd 
spwti•dtbtt ... tiaoo!alterati=•hocldbenoted..,t.b&tthe 
dud rocl<oning r;,&;f be ro!,)l'Oduced . 



{12} ~<l1reet1onan<t!orce,cf. Irur~n!<:tionato;.erine.et«>rolo­

t1etl.Obse,.....re, We&tl\er~"Mu uhington,D.C. {3u,.rint.end­
•m. of Doe~.~~~ento , Yo.ahi.x:to" !!.C.; 2S eente} . 

{lJ) T!!!)!rttU<"e of the oJ.r on the dr7 an:! ,.t bulb ther--ter, et . 
yreYiousrehrenee. 

(U.)~ef. #)nvio\'.lretnen<:e . 

(15) ~=~.;.relld1ngcorrectedtorreter.neetrron . et. priYiou. 

TheDeekLogan:!or1ginaltr aekeh&rt.a&repartoltheor1cin&l 
';:~~.beeoUectedbytheOeeai\O!r&p..'-.erllrtd?N~•ervedforre· 



n-nt 
.Uhnotned .. :-

.!iL....ill!!:. ' 
Oor O - -, 

hotor ~reon.• ... loa rr.:.. 
ntlhtperUIUt?Ol-tontlht­

•tcm.p.re ... ~ol-



ltv--e:ar;roodatt.he5t!l•-a(:itic$cienceCongres•(l9JJ)in 
Vancouver, c.n.:..d.a t.N.t, •n.e cor .. ·.tt\lent.Bof aeawaterb.apNOued 
u ::ll.Wuaa-atOM or the identit;'i."\l!l eJ..11111t , (C, U, 0, · , etc . ) 
per Jdlogru ot sea .... tar, en:\ that thol &enilrll. ch-.ical Mtu.rt ot the 
tw.aa a tunctionotiu )hJ'dc:~l .'l'opert.iH be exvrentd.u chlor inity, " 

:onoerlJ'theccncentr:ationoJthecon~~tituent.llina .. -ter '"'r e 
u;>rened in f1'111l15, or l:liillcrwa per liter, or cubic IHt.er. The 
f~c.;:~.r~convcrsiontrcuoncoYllte:aotunit•totheothoor are given 

The~esaremadeumi.l.14;r..,.or~Qg.at.otasper Uter; thi• 

'l'al.Uid.irl<!edt,'thes;>ecitic: ~or.:..'l'it:rin dtu (o',t ) ;rieldtl the con­
centrationu"€, at<Q~ :;>erkllot;raJ3-, ThtU.tternJ.""Ut.-oneto 
thrHpe~..-.tl&rgerthat:theior--"r,andcorrecttonh~len 

tlwlt.haerrorotdetertlin&tionotthal:linorconatitucmts{02,P, U, 
Ji, etc , ) and is 1,;,11ual.lyneglected. In t~b case the ....,ulh are re­
)Orladuas. at.ca.parliter • 

.J.c;aac~tituenharei>Ol:'aconvonientl)'expr<~saecl.inaltam.ative 

unita : -

e!:;~v:!iZ'~ ~~~~i:: ~~ ~~~i~~~::~~~j.~r ~:.1 
ataoepMr ic P"'••urtl (760m • • :ercury) w'lderthe eonditior .. ot t..ap­
eutu.rt andchlorinity~tinginBitu, ...,cordinjtothetabluot 

,t/lipplaand .hl.pple , (JolubilityofQJQ"I.,inseauater, J . ~r. 

Ch.., • ..>OC . Jl, J62, 19ll) (ct , 3ect1ononDeteo;dnationot)l.uolved 
OltyaeninF....,ahano:ISnwate.-) , 

~concentrationisroportedas 

T\lrbi.d1tr1t r<>port.edaathenuaberc!al.l.l..1.gramllotsilica(pre­
cipitated FUller • .....th prepared to pau a 200 .,..,), sicmo) per liter 
Of--t &r tll.lt...,u).dgintheii&IIIOpticalinterfere..'lCIIffKtdul'­
illa colort.t ry (A. P , H. A. pp 4) (Oto.n:lnrd let.hcd.o or ChCiical. 
AnalJ"t .. - _;cott, ?P• l.UO) . 

llatllr*l Color U report.eclaethe=>g, ofplati,.containeclinacclori­
~tcheclet.&nt:lfJ'Il.tol\ltionoteq_>.:alTOluce . Thettand.ard 
IM>lutionof dui.grlateclcclorSOOcont.ainl: 



1.24.6 rc:J:•~":/·'"'r!:inic chloride (PtCl-J.KCl) 

l.Og~"W;~t~cryttali:edcob&ltclllorida (CoC12'61!:zO) 

(contaiM 2SO w;o. Co) 

lOOI:Il.. .. llydrocllloric acid(HCl) 

lll&dauptoor.eliter .. 

(Stand&rdlo!etho:SsofCheW.cal..Anal;ysea . ScottpP.l410) 

i'Nsantationo!Dah 

Datae>bt&inedintheeourseote<:eanograph1calinV11sti&atiC>ns 
u.ybepresentedintabu.laror&ral'idcal!on.;, TablesM. ... tll&a.:l· 
vantage e>! listing U>e data compeetly, and with ~roatar ;>rech ion tllan 
woul..dbep<>!lsibleoncrapi'..se>tthesUAeshe, butdonot. • ;:.icture" 
the data, tir~ph..o ;~rovidai..,tsrpoletionbatlfllenthe ;x>ints, -:>t ... uize 
thecont1.."1uit:;, andarer-ead1J.¥eoatparable .. . lecentatudicaindicate 
that the g raphical interpolatiON oftoaperat"" and sa:u.ru..ty structure 
arepz-<>bl.bl,yiiOrereprtoa .. tatinthanarithneticintal"jjilationbetween 
tabu.larpointa .. 

Thaconeaptae>lhbloeandgra):tleareintarc~~&na:eable, theton~ar 

beill&f&vo'·edinp..!bllcation, -..haN!apacehatap.....Uu:.>, andtlla 
latterinthaa:~.~~.lyaaso!dahwh<!re mani:;ulativepropertiuano! 

.ore value , 

Thaortbagonal,onedimonoional&raphonanaturalscale11tha 
daplest.!Ol"ll0 &ndistheonlyone..,.,ablatoquantitatin~es. 

lnaucha&rapbthe-.ureofasin&J.epropertyoftheliater(aalinity, 
t...perature, et.e .. ):Uplottedua!unctionofone<iJJoenaion(tiae, 
depth, diatar.ce, etc .. ) an:l all other functiON are 18nored .. In thb 
fonoe>t~raphthaalopa(d1!fenntW)andtllearoe. (1.."lt&gal) "*J'be 

datar..>inaddiroctly, andh therefore preferable for&ll&l,Jtlu to 
~~~.data""""' thou operations iaply tediOUII arith-tical pro-

Thaonad.iJ:>ooMionalgraphoprovidedby-trecordinginst """"nta 
(batl\)'thei"'IIC«Mlph, atc .)arara.dWto a.,...d~~U<>c, andll'equent.ly 
h&va tuncUOlUI.lee&lu (•·l!• lO£~r1tlu:ll.e oreyparboUc), Thou grapl-.a 
aree>tintarelt onltat&eontinllOUircce>rclofthoralation, and 
-tbetranatoruedtoorth&gon&laxuandnaturalec&l•torana~aa. 

Thenoaranvera l ilwt.....,...,te to providacontinuOUII reconbof 
t•per&tltt"&,andjfl,withtiaa, which:aybelllltnipuletedtor<~prtount 

distam:aordeptt\ . Th&bathJ'th&l'IIOgl"&ph:Uthaonlyoceanographic 
instn=ant th&t pl"'vidu a aatia!o.etory TOCOrcl of a pro,erty 



(t.aperatur-)\lithallne&r<lli..en.ion(dt:>th), 'i'htrei.oeontiderabl.t 
...,,,....,;,dir<~ct..dt.owarda r<~cordinga.o.linOI!oetere , bu.tUttlaorno 
interutinoont.inuous r<~ccrdin,ga ct ctherprc;erH .. . 

IttcllCI.'St!"i&t£r•ph•ctall..-operthactao•-"-hr(ucept.BT 
aUdu) requir<~intar:><>l.ationbet1.1tenthedet&ob .. M"14etdbcr<~te 
intervili . Th.iaproceni.tl;>lluappreci.otiono!thet~tureo!the 
'"• 11\d tince tlda h the conclu:~ion usuAlly beirll!: tausht, it would 
appurthc.tprosr<~stinoc:eanogra~itdt?f1>11enton&dnncu1n1n· 

st,....ntaticn, Thhitpt.rliall:yti"Lle, buttcaeruleacanbeadvanced 
to&idintel"J)Ql.ation. 

llecent renarchn !l&ve ah01., that the t~aperatura , •alinity, and 
dentitydittributicnin~hdt;Jthacnetendtobellnear!\lnction.o! 

thlll.o!aritlw.o!dapth, Intldt pl.ottherel.ationst" atr&ightllnea . 
Thesantralp-ocedureiatoplotthedat&<llll.o!'"l"itiDic£Nphp&per 
.. ttin&t.l>t turC.caobeerntionatO, l-tar, crlfoot, and connect· 
inc thepointt bytha t"reat possible ttrli&ht Unu . Than c.......ea 
arethentr"!lmi!OI"!IIedtonatun.ltcalea,.,dthenac .. ,;;u-yoperationll 
ce.pleted , 

'l"wodimenoionaluaph.o 

Constantvaluea(b-ten)o!anocMn<l!rephicproperty111,7be 
plottednafunctiano!tiiOdil:lenaiona . Tbepositicnottheitcaet.ar 
with ... terenceatoonedt.tn~~icnbWiualiJ'determl.ned!r<athecne 
dt.ensional sraph, and plotted with reference to tht aeconi<Um.n.tion 
cntheabldue or ordinate corru?Ofld1ng to the position, orti&eot 
cbearvation, 3uchgNphainclude eontourN.paandcharta, crcaa 
nctio:a, andtLuch'"l"h, Thayilluatrah thtc<Xltinuityo!thapro. 
l)llrt;rinthatwodiooaneionalayat-,&ndareonct.,.nablt topraciae 
anal..ysuordirectcperation , 



:::XCerpt.afrca"Inatroetionato •.uinal!eteorolcglea.lObaervere• 
U.S.Oept , ofC.-,er<:e , ·,·eather!llreau, 

Cir<:ulAr ~' - 7th D:l . - June , 1941 

illndlliroction - Thedirectiono! the vine! to be recorded b the true 
dir<:eUon , nctthe ... G" etic , Itad1Nictionnt1venb)'thec"""PL"• 
ahould,thero!or.,beco!Tftcted!crthe~eticvulatlonarw:!torthe 

deviation, ir thh is large , u haccuttimeo the c u e . 

t'hed1roctionctthewindiobe3taocert.ili..db)'IU.Idnotuaeof 
the f&ettbatthecrest l.inesofthe!llMUut ripples on the aea•ur­
f&ce ue J)erpen<11cular to th~ dir<>ction or the liind . These ripples 
n every seaman knows , ....., very so!ls itive to ~u:!den c!'l&.'lgu in the 
char&cteroCthewind , .\ccentut~tiono!th""b)'nlocill•odinereue 

inwind.velooltypr<:duees &n&P!'f.r~tC:arken!nfo! the seaaurtace, 
llhichoervo&tcahowthoratooftravelotindividualgustaorp.>Lfa . 
With w1.ncl ton::ca or 6 (Be&ulort) or =ra the wind. di"""tion ma.y at.o 
becorrectlyestiJooatod!r<:a.thedircctionorthootr<>akso!!o.&.IIIWich 
arothan!ormod , 

Oecuial&llythecblei'Yf!rb c:on!rontedb7npe<:tlliarprobl.-when 
Jl&kl.ng an cburv&tion, lt a aquall hi.PI"'no top..~ s OYer the ahip just 
&tthatU>cof cbocrv&tionthcdire<:tionoCthwindmayauddanlJ" 
changeb)'anapprociablcllll>OWlt . t'hocbaervorma.ynotbc&bletotoll 
llhcthort!\oeh&ngcNpreeenta&definitc&rw:lvidcspro&dahittor 
ailorl.J" a local dJJot·:rba:u:e , aft~r tho pua-,go or .mlcl'l tlu: w1r>d will 
""vorttothed!rectionitho.dllllintalnedpriortathoaqu&ll . Ithe 
beli~ves that it r~pr.oenta & local and toaporary cordition, he lliiQ' 
thinkitprop<;rtor..::ordthowinddirectionwhichhadprevailedbe· 
CoNI tho squ&l.J. , Tho corroct procedvro in eucha ocuohu follows : 
R..::ord tho wind diraetion that h&pP"n:> to be prova111ns at tho """"""t 
otobllo,...ation ovcnitit"-"YB£2.Ciilrtoboonlvt..,noraa , 

Ob&crvol"!ll"""'thlcat&iltod1st1I\&Idohb<tt><.ensh1tt1ngwin<ia 
and variable windll . The tem "•hitting" &;>pli~• towinde wh~e dir­
cctionhchanf:in&in&ccorcbncowiththeaover:;entordevelo~tot 

aomoiiOU-a&rl<odcyelonicorantic;clonicaJ"!!t""'. Thcte,..,•vari&ble" 
applicato~;6akltincb (force)cr lou) whosadirecticnio lndo!inito , 
ccadngin !Gebl<>pufh , Cinttroccno point , then!rcaanothcr . The 
tc .. •.-uiable"•hould be&pplieda.laotot!l<!otrongbutahort- llved 
wincla...tdoh.....,uaoeiatfldrlthloeala~•· 

~ - Toano:.cperioncodobllorvcrthoappoarancectthoeoaaur­

fec~ sorvct •• tho best IIIC&U of C>tiloating tho tn>e wind !one, jll8t 
&lit&!fordstho.>b.,.stmean!ofucartainingcorroctlJ"thowi.nd.dir­
cct1on. Hooruv.,r , tho&ppo&ranco&!'ldthorouebnostofthosoacbvioU8l¥ 
dapendu!>OO&O'""blroff&ctora,andnotsolc!7on.theatrengthofthe 



wind loe&U;r . Thelength o!tlce tho wind has be..,bl <>Win4!;a."'d 
t herateatwhieh Hisehe.!l{;ingitldireetionandveloeit,.are 
8all8o!the.,rel.mport...ntWluences. Connqu.ntlJ' it isrlrtuallJ 
.uap.;..aibletoJ..&.1downreliablecr 1teri&whlchwillbevilldata.ll 
tillea ; aprec:1 .. kn01ilo4goo!tho relation of wind !orcot.othe 
appear«nceo!thGSU&JllUitbogainodbyoxporion<:o. 

In recording tho force or tho wit'ld, th~ 1calo d0'11.1od by ~claira.l 
Sir Fra.~ch Beaufort is emplo;rod , .l.ccord.l.ni to thb sc&lo , which 11 
contained 1n the code Ublc bolcw, the! wind varl~• r...,. O, a cal•, 
toU, ah~~.rricane, ratcdasthehighcst!crc"ovcrottalnocl , 

l.u,..ingth&t tho ship is in tho cpenseawhorcthc!reie anab­
s.,ca o! appraeia~lc current , L..d that t.~o w!P.d direction and. Corea 
b.o.ve r..:Uned c""ential l.yconstant fcr asuttidontl""8tho!t1Doso 
tt..t the oea surtace!.JiincquilibriUI:l, so to speak, with tho win:!, the 
following conditions usuall7 ore cbscrro:l , VH.h Coree 0 {cal.-) the 
surfaceo!the •e& 1sglas3y;with!Or{;tltho seatendstoblllrippl..:l 
in patches . >iith !oreo 2tho cnt1N 3\lr!aeeo!tho sea is riP?led &n:l 
lliniatuteltliYUstvoralinchcsinhoightarofon>Od, Onoo!tho 
principaldiat!P.cUons 'oetwconrorco l a:xl !orco211af!ordod bytho 
dhtinctnen wtthwhlchthc ocahorizon JU.yOOsoenonelear cla)"ll, 
\11th ! oree 1 tha horizon prosonh an i ndctinito llno, whcrou with 
!orca 2 the hor izon i s quite ~!\arply dolin<J&tod . A wind !orca o!) 
produces & dotinite ltliYa !'on2t1on with scattered L>eipicnt whltec:&pll 
zaaldn.& t heir appearance, Forco 4 13 eMr~et~rhod 1>7 nlll>llrowo MOll­
developod.whitec:aps , whl.chgiV¢ tlwoccanaspottod &~c. For{;O 

4 produces a dUtinct sea w!tich 1o u~il.y <!intnaubhed rruo any 
'""ll thl.t~beprovaillng. Thedi!!erence1ntho&ppearanooo! the 
oeeansurtacebet,...nforcH4Md51•Pr1nc1pa~oneordev-oe, 

Howo.,..r,with!orca5spu:nterxlltobeblcnmf...,.tha breakin,g 
wavs crasts, whereas no ~uch hndency is noticeable with tot{;o 4 . !lo 
&tt .-ptwillbecadehcre t odoocribo t beappcarancooltheseasur­
facowithwindso!aru.tar atrenath, beeausethesaoecurliSuallJ' in 
t,l'te neighborhood or cyclcnl.c s· ~-c contcrs where tho r apid c~~&nses 
o! direction ani velocity do not por:llit tile ••• to r each • stat~ or 
equillbrillllwithreopocttothowind at~giventU», 

to in;';:s:i:..~ti~..-&1~ ~:;~~npe~e~~~t::;:0ri.o!": .,.!:t!~~!~~t 
aredesignat ed.at•turbulenco"or"811"tines•" • tt.ooec~~.rrenceot 

.!!!l!!!l!!!811Stinu e •hould alwaysbenotcdinthowathorrcport. It 
shouldnotborcpcrtoclbydcscribinathostatoo!'"'&thcru"squa11J-" , 
Guate are d!.JitlnauUhed tra:. tquall t by their brief duratiOfl , b.7 tho 
&beencoof&nTtpe<:W accoaal"1)'1n&cloud!ol'll&tionandb,)"tho tact 
t hattha winddoetnotvaryapprec.iabl,.!...,.itauor&j!;& direction, 
Unl!lual&~~~tineUI!IaJ'bodefinedasthllccrditionprev&ilingiOtlen 

t hewind.t.e:opororil.yexceodl lts avoraae ! orccbyaf'llllfi(ureoriiOr e 
ont.beBaau!ortlcalebl!tcontinucseeaentiallJ'(i.o., t owithintvo 
po1nh)!T<:athelalll0d1.rection. c.,rcshould'oetakonthatthe avor­
&«etoreeotthewind b r ec:ordod, and not itt torcedurin& t heg>IOta . 
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b.~ Bluo sky, clcudlen 
be ~ Blue alcy l<ith detached. cloud.o 
c. ~ Sky mainly clcudJ' 
d . - Drhzllng, orlJ.ihtrlrln 
a .- Watair , Yithoutra in 
f . - Fcg,orfowweather· 
g . - Glooal;y,or dark , atc''-1.:-

h.-~~ 
1.-Lightning 

~ : : ~=;~.~~atr"'r 

p,- l'assingohow<!rscfrain 
q.- Squally,...ather 

r--~~;"'~r,orcon­

• ·- Snow,anowy-ather,or 

t -- ~~~;~ 
u .- Uglyappearanca,or 

threatMing """ther 
v.- Variablaweathar 
.,, . Wat , orhea.vydev 
z,- llf.z,y><eathor 

to indicAU grea t intansityotany!e&tura , ih s;:l!lbol~J~&ybeun­
derlined;thu!!:! . , heavyrain , 

Amounto!cloud.s - TheproportionoftheeiQ'coveredbyclcuds ,irNO· 
opectiveo!l:ype , shouldberecor<ledfcrtota.l&~~euntacccrdingtothe 
•caleO tol.O, lnthl.JI aca.l.eOnprenentaa slcyth.l.tio clcudleu at 
tlletil>e o!oboervation, laekytllat bless thonone-tenthcovered, 
&nd eo on to 10, vhich r~presenh a sky caapletelyovercut , The 
amounto!clO\I<bshouldagreeingeneralwiththa•hteo!;<e&thor; 
tM.t b , a sky with len th&nona·t<~ntheloudycoverillg 1s clear , 1 
!~~ .hntha 1s put.l,y cloudy, 6 to 9 tantha iB cloudy, 10 tenths ia onr· 

In the thin types o! "mackerel• clou:ia there are abtoat always 
gapo~orapacuthrou&hwhichcleuakyeanbeaaen . \lihan.thoaaeon­
ditioruoprcvail,thcre!ore.,the.,.,.,tofcloudahouldnave.rbere,.. 
eor<!odaagreaterthM9,e.venthoughsuchclouds a re a proadall.over 
theoky. 

Inc~athaekyia C(llllpl<~tel,yobl!curedtrJde.~e fog, i t should be 
dneriboduover<:ut, o.ndtM•trutthao!denoafog,withoutdiNiction 
of"""'""ant , ahouldbeenteNdintheapaee!oreloudD.ount . H.,_ 
e"fer , ahouldtheahipbeanvelopedin!og(orh.ne)wtrlehall.ow:!bl.ue 

:~;.'~; ~~ .. ~rh:~ ~:~rO: ::.."f'.~n:"r!~ .. :~r:•o~r ~cui 
tl'.<~otherlwl<l , i!elou:laareviaibleabovethe!og,anatt.lptahoul.d 

boolll&datoeatl...tethetot.al&IIOW'Ito!eloud,andthiaahouldbereeorded 
utho!J&hno!og....,,..,preaent. · 



lhenalight>dnd blows overawder our!aceit produces at 
firat a uries of ripples , IIIOVi."'glliththe wind , .ls t.~e rippliu ..,ve 
!orwerdwit.hthewind theyinereaoe insi~ . J. otrongwind produco' 
l.o.rgerwavee , and if it continue~ , a heavy ua ~sults , 

.lf'ter a wavel:K>vn beyQndthe Wlu,.n.a otthew1nds..nich C&\1$$<1 
it there b n chU~~::e in ih !o=, The IXlot rapid change at tiNt is 
ad&e~a"' in height , l'i.nAliJ' the wave becomes arelativel.ylow, un~ 

dulatin,g=v..,ent of the oea s urface , kn(>W'I)U a owoll. Inrecor<U.ng 
obtlervati~in accordu.:ewiththe!ollaodngscale•,•....Uiawave 

:~~producedb:rwirxl! &t!ocedi.!tanc:efromthepcintofobtlerva-

The """11 bdUtinguhhedbyt~~<~ features; first , its relativeJ..::r 
s=oth, U.'\dulatin,g tol'lll, without th" steep and ra.ggeo:t crests char~ 

&cterbtic ofwavea activolydrivenbylocal>dnde and , second , the 
~ntofvil><loan:lwaveainditfel"encedirectione , inc!icatingthat 

thewavoshavo beenfOI'l!lede~ewi>ere by winds ft'Ol>another([l>arte r, 
Ordinarily, then, wavnwhichuemovtng>oith thowindconotituh the 
•..,a"whilearol.ativel.ylow, undulatingouaurface,with!IIOtionina 
dir octiondiffer<~nt fl'OIIIthelocalwind , bthoo "swell", 

Thesodefin.ition.o are not entir!Olysathfactory, UsuailJr, the 
oceMaurfa<:eiadisturbedbyboth!o,.,.sotwavell>Otion,witht.he$well 
fr<:c~ d.i•tant winds orouing the lcx:aleoa , The c<ll:l~ined effect 1e 
the "•""" • ..mile the well~de!ined ridges of waves moving in a different 
directionfl"OIDtheloctU.windarethe"awelli" , 

~· Thefollc:o<l.ngacalaahould.bell$od1nclae'i!Yin8the 

chai"&Chl"oft<>eaeadiaturbance . InrecordJ.n&obeervationinaceord­
Mcewitht.ch •eale, "•ea"-rbeconai<!er<!dtobeec:ropoaadofewelb , 
combined'Withwavesproducedbythewindaattheplaceo!ol>!ervation, 

Do! scription 

,.,. 
""'" ~~!te 

"'""' Veryro1J8h 

""" Ve ry high 
i'ucipit.out 
Con!usad 

~ 

Heightotwavecuettot!'Ough 

0 
t.esethanl!oot 
ltoJ!eet 
3 t.o ~feet 
5to8!eet 
8t.ol2!eat 
Uto20!eet 
20tol,(Jteet 
OverWteet 
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theec&leo!seadiaturb&.">ceisapproxi.oi.U,b.uedro~onthe 

o~.r-ver1 t Jud3""""'t u toU!e tt.i.sht o!wavu, Accurateestl.Aatee ot 
v~ve Ml&ht 1.re not euily ...t.e on ehipboud, Fer luge vaTu, wit.ll 
t.he.tliponanwenkeeltnthlltro\ll:hofthevave,theob.,.rnor'e 
hl.&htebove U.waterlU..vhere h'IIMethe c .... ato!thewavecoino 
ci~ vith the horizon, h taken u the hal.lht of t.he .,n, 

Characterofowell 

Noa•ttll 
l.u.1 s ell, •!lo.-t o~ .:.v~'~" ~-•:~h 
Low11¥8ll,lang 
t:odentsawell, ehort 
;..oderateswell, aver<l.lllength 

Kode,-ate.....,ll, long 
Keavy,.,.dl, thort 
He&'?''""'il,II.Vfl'age 

~rlodc!S'f11lli - Ob&ervation~~ollen&thandhe1.shtotthe..,.ll&re 

not 100 valuabh u the period, The ntalber or avt~lli that ~n a 
cJ.•cnpoint tnone.Unutoaay be takenu t he period, Onehtpboard 
thblaJ'\>e.Calculatedbywatchin,s Uleriuand!allo!ep&tchof 
fDIIIIIandnotlngtheti.~:~eintotrvel. 

ln 10 doin<;,riae and till due to t he tr..:e swell, and not Ute 
soallorw&vee, ehoul<lbenoted, Aurin o!auc:hobooerTetiDillo>."ill&J.ve 
agoodapprcu:.iu.tiono!the t l.Joeintervalin ucondaorthe poriod 
axpronodlnnl.IOber ots~~elllll.naminuto , 
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