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PREFACE 

The purpose of this investigation is to determine the adaptability 

of the millipore membrane filter for determining suspended solids in 

ter and sewage. The research also involves refinements in the tee-h­

niques of using the membrane filter to achieve a new standard of pre­

cisio and a higher degree of accuracy in the quantitative measurement 

of suspended solids. 

Grateful indebtedness is cknowledged to Professor Q. B. Graves 

whose eontinued guidance and suggestions made possible the achievement 

of better results nd the completion of the research. I also acknowl­

ed e with thanks the work done by h". D. F. Kincannon ho proved that 

the membrane filters contained very fine material and needed to be 

washed vrith distilled ater before being eighed. 

K. S., Kronfli 
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CHAPTm I 

DlTRODUCTION 

At the present time, the suspo ed solids in water and sewage are 

easure quantitatively by either the aluminum ish or Gooch crucible 

ethods . . The amount or solids retained by bot.'1 ethotl is dependent 

entirely on the filter medium. l.fost fi1ters u.~ed today re composed 

of fi .Jers in t , the interstices of which re c..1'1ance arrange ents., 

even if unifo t of fiber section C'-Ould be assmned. The thickness 

of s estos . t in the Goo er eibl e s direct be ring on the amount 

of sua nded t ter romo • Al tlio a mt th.ickness of 3mm. is es ired 1 

et, this is established only arbitrarily. 

The errors, technic 1 dif.ficult.ies, and time requirements associ­

ated with the Gooch crucible ethod have been :recognized ever since 

the method ras proposed. In view of this, other ethods for deter­

mini sus ended solids in water and sewage have been introduced, 

namely., the centr1fu o, s ei.fic gravity, alu: inum dish, and filter 

paper . ethods. 
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CHAPl'ER II 

THE ·ILtIPORE R US FILT!ill 

The millipore filter is a unique filtering medium having a uniform 

cell structure and consisting of a thin cellulose porous membrane . 

As the name implies, it contains millions of capillary pores of unifo 

dimension per square centimeter of filter surface and a ieves filtration 

of microscopic and subnicroscopie particles. The pores are essentiall.y 

dire-ct c..1la.nnels through the filter and are evenly distributed over its 

surface. The millipore filter approaches optimum efficiency as a filter 

in terms of retention and resistance to .flow,- the volume of the filter 

ing only 20 per cent structure or subst nee while the pores occupy 

per cent of the tot l filter volume . 

The illipore embrane filter w s used for the bacteriologic 

ex ination of water in G an:, during o.rld War II. Since that time, 

the technique ha... been investi to by various rorkers ,mo sug ested 

its application s asic new tool for analytical work. It has een 

shown tha.t the membrane filter en e.ffect the removal of all or anism.s, 

thus ro ucing sterile filtr te . T•iis is ttributed to the fact that 

'l:.n membrane filtars , as fabricated tod,y, are av:rilable in ten porosity 

gr des ran ing from 10 :nillimicrons to S crons . T'nis means that all 

co n particulate contaminants in water6 including bacteria, can be 

q ntitatively retained on the em'brane. The membrane has the further 

significant advantage of retaining all particles and contaminants on 

t e fi ter surface, thus fa.cilit ting the examination of the degree and 
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Apparatus 

~pp~.rattts ttsei"l consie,ts ofi 

1,.. Fritted glas,m Jilter disc s-u.ppi::)rt 

e..- ?ritted glasti base and rubl'ler st..opper 

e. Sprin.~ .;tetion 11(.)lding c,lamp 

The holding olmnp securGs 47 mt~ dia..-oot.er t~illipore filter dit1e 

bemwen percision ground sealing euri'nces 0£ fu.,"mel and base· ~Gs~ 

a 9,,.6 sq. cm .• .filtror a-ea. 

;;,,. Vam.tunt - p:ressu:r~ 

4. Esal(i11ee c~pable of' weig._'.b.ing to 0.!3001 ~1J11t. 

6,, St~.less rr..,eel :f'oreeps speoially (lesig;ned to handle tho 

membrane .filter 

Pro.cedure 

The ~rum £iltel' is first washed 1llti,th 200 ri'!l. o:t distilled wa·ter 

~nd dried in. the ovGn for one h{:)Ut' .at 10.l''c. '·?he filt.e-r is tr:v:m put. in 

1'miching, ti,he sample is rim t,h.rough the f'ilts:r~ ·tnon, the filte:r is dr:i.ed 

agnln tor one hour at 103°e, ~led in tne. ,iesiecator· and 11'-teighoo. The 



diff eronce between the ig.1.tts is the might of the suspended solids 

ret ined on the fil.ter . 

The reason for ashine the filter with distill water is that it 

contains sooe minute particles which are readily 1Tas.l-ted a-:ray with tho 

.filtrate. It was found that 200 ml. of distilled ater was ar!.ple to 

.ve all su particlos. 

Suspended solids content of the sample in 

l ··-- _mg. of solids retained on filter x 11000 
mg., per 1'Aa· - ml. sample 

Precautions 

The foll prec utiona were taken in running the tests: 

1. . treme care was -exercised in re.mo-ving t e filter rlth the 

forceps fro t.:t,.e disc support.. The edges of the filter are liable to 

chop off waile har.dlin m th the .forceps .. ich results in discrepancies 

in the weight ... 

z. It tras made s certain as possible that the filter s 

pl ced concentrically :with the tunnel above it and the disc support 

beneath it in order that the sa:mple would be filtered only through the 

area previously w: shed Wi. th distilled water. 

.3.. 'l'h.e vac in the fiask under the filter s released as 

soon as the whole amount of s · 1.e was f'il.tered through. This ns nee-

essary to prevent air fro being filtered t'nro 1 an<i consequently to 

kee dust icles, if' an:,, i'rot:t being retained on the filter . 

4. A.ft.er ench filtering oper·tion and before re:noving the 

filter, the funnel , . s washed with distilled at.er to insure that no· 

solids were leit over on the ,valls 0£ the funnel. 



$. It was foum ~tives especia.1.ly mien dealing with low 

turbidities, that the balance was checked and its pans cleaned daily 

bcf'ore any ighing operation. !breover, extreme care as taken in 

to gua..""1 against al13' personal errors. 



= .nw: of , soli4~ ret~,~n~ lt li00':: 
ru sa,~~le 
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this preeauthln,, the ":eights of ·the ~t alwa.fl!l val"ioo in tllo Clooch .ez-~cibles.~ 

It is to he not...."'>d. that the amount 0£ suspended xnatter ra:.ovoo ihrring fll-

3.. It 1>ms observed during W$igtd.ne the crucible that its weirJlt 1s 

not stead-.1 anci increases: at a tre::r·;:r ~lO!!r ra.t.e wbich :oo~es th.e weigh:i.ng. 

operation rather difficult e~ ~rell a.a inacei:wate~ '!'he th.ought vras consid­

ered that t'hc ~soostos 1'Jf..at. absorbed mois~.:i1.we from. the a:bni::Hi:vhe-J:'e .Qnd fa%> 

this reason watch rrlaszea contair.J.11g calcium chlor:kte 1-1~ p~coo i.n the 

balan('.e o.,mpa..-t1:,-ient. Tho reeul:w ci1Y~inod. at~ taking this JirGeatltion 

\':ere materiilly- ~·-,::rved •. 



First;, ti. thought was considered tnnt a1'\}" ot the i'ollQWing .t'nctors 

or a eolf!binatitm thereof may attect, the: parf~ianc:e of tho mambrama fil- · 

~r • nat1ely,, the heati~ time, the 1mn~ ot di$tilled wash ,mt.or, am. 
the amotm.t of s:wplc l'tm tnro~t tho filter,. 

~n-~nts l, ·· !~ md 3 ~ nm. to c!G~.aine the effect of var:r­

ing tbe amount ot distilled v-msh water and th.e bsa~ time cu the 

membrane .filtet"., The &~ of samp1ta used was ,o m. 'rheas tests 

proved that there was m ~eiable dirference in the resul:ts obtained 

for tho ~ioue conditions. The O:ooeh Cl"U.Cible metim was run· as a 

eh.eek and yielded a.pproximats:cy, the s~ · suspended solids content 1n 

~11t. l,. In experiments 2 a.'ld. 31 a loss in the weight of t..rie 

Gooch crucible was realized after ·~ \he s~ple · through. 'i'h1s 

is due to tbe presence of very tine material in the asl»stcs fiber 

which u washed ~Y vrlth the filtrato. 

The nm exper~, h am 5,c were ~~ to £ind out tt1G cl':to,-t of 

vm"'Jing the ~t of di-stilled wasb. water and. keeping tl1e heating time 

oons~"lt £or one holll" at 103°e. Again,,. the s~la size 'U!red v.ras 50 xa. 
The ~wie filter vras vmslled nth JOO and 500 -ml of distil.loo water 

am. the results obtained fron 'hoth ~ilaents eh.owed r..o .of'feet 0n the. 

.filt~ .... 

~m these tests, the .eonelusi!ln ·'fflla madG thtat. neither the heating 

time mt- the ~\Ult 0£ wa..~h water would af'!:eet ~ ~o:rnmnca of .the 



mill.ipore m-Bbnne f"ilt0r.. For the f:ollcndng tests, .. tha llMOtint of dis-. 

tilloo t-:ash w.ator us-~d Yltl.'S 200 -ml and. the heating time we.s k$pt con-. 

sta...~t for one hour gt 103°c. 

It is importruit to point out that experiments l t1U'Otl$h 5 were made 

'With n dil1.ited $~mple of~ miter trom University wat,er trea:t:aent_ plant. 

The .?Vel"'~"'G solids oon:tent -of tho sample we..s ill the vicitlity- of 4> '!7-'$.ffl. 

In &xpori.:'l.1.ents 5 t.'lro~c:n lh,. an und.ilu.ted ·sa-wple -a-f the sa...me ~.vnter wn:s 

used.- '1'11e average SttS:pended oolids eonoontrat.i.on w~s 60 r:.:>.g/1-.. 

'i!he third step w-as to in'il--eist.igate, the affect of va.rying the air..--ount 

of semple usoo.. ~nt& 6, 7,. 8, and 9 were made using s~ sues 

vaeying frmn ~o to l7S ·,nl.. The membrane :til.ter retai.Md apr:>rommtely 

the sa..'!'!1& amount of suspended solids, expressed as illllgrrurrs per Utgr_,. 

On tl1e 0th.ff hand the Gooch er1ieibl.e method yieldi&.! var::;1'1.r1.,~ and rs.th-er 

. i?lconsistent r&al:tlts. In i'act, the S-uspQnded solids recoverad in a-xperi­

ment -8 were as low as l9 !!Jl!J1. ~t~nts 10 anrl 11 i-rere run to ·cheek 

Qxpet>imants 1 and 8 and the outeil-:ms was the s~; th-e .stmldGrd me:t..'lod 

again yielded 'lmr result-th 

The- s.:rnple size was further increased gradually in expeiriments 12, 

13, and 14. Tba :results obtained were quite adequate. 

Tho result,s of exporments l tbro~ 14 are ~irtzed. in 'l'able I. 

It ia e~ th.at the ovan.11 rat..e.s. of s~ solids retained by the 

m~r-ane filter are fairly eons~.nt-... This ren~tf'; the rolatively bigh 

~ oE pracision 4ttained by the mamrtme filter.- Both preeision and 

accuracy are investigated at length later :tn this research ... 

"Th~ data in fable I are i11ust.rated by .r"igut•e I .. T'ne mean ~ed 

solids retained by the membrane -£1-lt..er are- plott,ad a~i!lst those retained. 

by t.1\e G~cli crucible. The 45-degroo lin@ i-s the line of ,e(lual, retention. 



Expt. 
Uo_., 

!<!o. of Sam:s: les 
for 'both 
~r~thods 

Sample 
Size 
(ml.) 

!:'lean Solid 
Conc1•:mtration 

by I'.'h1nbrane Filter 
(r.1pji) 

Vilcan Solid 
Concentration 

lr;t Gooch Crucible 
h:1:;./l) 

6 61.0 
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Figure lo 
-

Comparison of Suspended Solids Deter­
mination by Membrane Filter and 
Gooch Crucible Methods 

~ 70 t-tt++H-t-t-HH-t-t+t-H-t+t++t-++++-i-+++-H+++++++ll+++-H-+-l-+++++-+++++ll+++++-+-1-,14,4-,1 

f 
,, 

60H-t1-H-H-t+t1-H-H-H-t+H-H-H-t-t-H-t+t++-t-H-++t+++-HH+++++-H-++++++,/A=i-++-1-++~ 

I/ 

[.J 
I.J 

I.J 

50 H"1+t-t-t-tt1+t-t-t-tt1+t-t-t-tt1+t+++-+-t+t+++-+-t-+++++-+-t-++++-~,/~.,-++++-~·-++++-++-1-++-++I 
I.J 

I.J 
t-H--tt-t-+-t-+i--tt-t-+-t-+i--tt-t-+-t-+i-++++-+--+-l-++-t-+-+--+-l-++-t-+-+--+-l4,/~I.J+~-++++-+-Hl-++++-+-H-++++--I--I--I 

40 l+t-t-Hl+++-H-H-+-H+++++++-il+++-H-+-1-+++ 
1-H-t-+++-+-H-++++-+-H-++++-+-H-H-++--1---1--+- · *'~H-,i'I.J~l/-+-t-+-H-t-+++-+-H-++++-+-H-H-++-+-H-++~ 

~(j 1)" 
- ~~ ,-t-,11)"++/++-+-H-++++-+-H-++++-+-H-++++-+-H-++++--i--1--1 

3 0 t-+-+++-,i-++++-+-++++-+-+++++ --~~ ~-,l'+-1/t-t-+I/ +++++-+-++++-+-++++++++++-+-++++-+-+++++-1-4-1 

l-+-l-++++-+-H-++++-+-Hl-++-1-4-J- ~~++.,,/H/1-++/++-+-H-++++-+-H-++++-+-H-+-+++-+-H-+-+++-+-H-++++-~ 

~ I/ 

<§;, ,; ," 
20 ~-l--+-l,...j.~..-1--J ,<.~ ,, ,, 

1-+-11-++-i--l--+-HI-++-!- "yy 1 ,, I ,, 

17 
I/ 

I/ 
I/ 

lOt++++-t-+++-hl1/1'++/+-H-+++++++-t-++++-i-+++++++-+++++11+++++-+-1-+++++-+++++1-1-1-+++-+-1-~ 
I/ 

I/ 
I/ 

I/ 

v l/-H-t-+i--tt-t-+-t-+i-+-t++t-+i-++++-t-+i-+-t++-+-+-1-++++-+-+-1-+++++-+-1-+++++--+-l-++++++--++-+-l 

0;;~5'"tt-++-H-H-t-++-H-t-+-t-++++-H-+-++++-H-+-++++-H-+-++++-H-+-++++-H-+-++++-H-+-++++-~ 

0 10 20 30 40 50 60 70 

Solids Retained by Membrane Filter - mg/1 
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Accuracy 

Regarding tho determination o! solids in soi,mge and. industrial 

wastes, the 'benth edit,ion ot 11 St~'3.ndard tfetl1od..s fo:r the :S1t~minntio11 of 

there is no universal stantl;;,xd for (',omp!.S!rison. ThGrefo:re, only the 

precision for e.sch amuytieal method can be expressed. 

In an atte:i:,1pt to evahmte the aecux·.ae,y', and hence to measure the 

error, o:f the membrane fil t~.r i7ietl1od,, suspensions of knmm suspended 

solids content were 1'.'i11:,.de by 1ni:'ld.ng accurately measured quantities of 

niagnesiuu silicate vrith distilled \¥\at-er. Uagnesiu."Il silicate ,,as ehosen 

because it is highly iri.solu'ole in water and beea:use its powder-..like 

struct,ure makes poHsible the e]r.aminatio.n of the filtering ability of 

the mem1:,rant1s.. The accura.cr<J in theee t.i~sts is e:iq,Tessed as the ratio, 

in per cent, of the a~:,unt of suspended solids retained on t.1'le filter 

to the true value actu,,,,,lly present .. 

A 20 .. 0 mg/1 rnagnesiu,11 silic2te stmpensicn1 was first used to find 

ou:t the performance of the meni't)rane filt,er on lm:; turbidities.. Sa:1iple 

sizes ranging from 25 up to 300 ml were used in experimen:ts 15 through 

26.. A summ.acy of the result-s is giv($ln in Table re .. 

As stBted previous.17, the AA t:;;.rpe merrihrane filter has a pore siz:e 

of 0.80 micron.. 'fr;,/it1,.';', to find out the effect of' finer pore size,, 

12 



Ex;pt. 
No. 

15 

16 

17+ 

1 

19 

20 

21 

22 

23 

24 

25 

26 

TABLE II 

CO ARISON OF TH ACCURACY OBTAIMED BY THE M].,\ffiJtANE 

FILTER AND GO CH CRUCIBLE METHODS FOR LOW TURBIDITIES 

(USI z , mrasrm SILICATE IN DISTILLED ATER) 

(20. 0 m ./1) 

Sample Solids retained by Solids retained by 
Size rane Filter Ooocb Crucible 

(ml. ) 
(mg/1) {%) (mg/1) (%) 

25 2.0 10 ---* -* 

,o a.o 40 -* -4} 

2S 6.o .30 - * --* 

50 6.0 JO -* -· 
75 8.6 43 2. 0 10 

100 11. 8 59 2.s 12. , 

12.5 8 .• 6 4.3 6.6 .3.3 

1$0 14.5 72.5 10.0 ,o 
17.5 9.0 45 6.9 .34.S 

200 10. 0 50 7.9 39.5 

2$0 9.1 45.5 2.9 14.S 

300 10.0 50 4.9 24.5 

* Gooch crucible met.'lod yielded neg tive results 

.; BA type membrane filter was used 

experiments 17 and 18, with sample sizes of 25 and 50 ml respectively, 

were r peated using an RA type filter of pore si~e 0. 45 micron. The 

results obtained indicated th t ther was hardly any variation in 

percent ge retention. Apparently, for low turbidities, sample sizes 

13 



in excess of 50 ml should be used. With the exception of experiments 

15- lB, the mbrane filter retained 43 per cent or · re of the amount 

of solids present llhile the Gooch crucibl e method effected, all the 

w , less solids retention, except in experiment 22 where 50 per cent 

retention was achieved. On the whole, the low recovera e of suspended 

solid by both methods was tho ht to be due to the presence of soluble 

impurities in the salt. is is of minor i.'IlpOrtanee since relative 

retentions by the two methods were desired .. 

As far as accuracy is concerned, Table II shows th t for low tur-

bidities a higher degree or ceuracy can be obtained by the membrane 

filter than by the Gooch crucible. Furthermore, considerin the major­

ity of the results, the accuracy of the membrane filter is by far more 

consistent (in the way of ran variation) . 

In the following tests, increasingly turbid suspensions were used, 

namely, 35, $2, and 200 mg/1. The results for the various turbidities 

are summarized in Table III. Comparing the results of Table II for a 

20 /1 sample with those in Table III for 35 mg/1 concentration$ it 

is seen that the embrane filter is retaining more solids, perc ntage-
, 

wise, than the nooch crucible. At ~2 mg/1 eoneentra~ion., the percentage 

retention by both "!tethods is bout the same and for a 200 mg/1 sa ple 

the Gooch crucible showed a little bit re retention. 

The data presented in Tables II and III are plotted in Figure II. 

It ca.n be se n that the points for the 20 35 mg/1 concentrations are 

scattered and bear no relation 'While for the 52 & 200 mg/1 samples, the 

points, with the exception of only one, follow the line of equal reten-

tion quite closely. 

In conclusion, it can be said that £or turbiditie up to 50 mg/1, 
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TABLE III 

CO ISON F THE ACCT . CY OBT !NED Y THE •EMBR.A 1'"ILTER AND 

CH CRUCIBL'"" "' S FOR I EA INOLY HI HP. TURPIDITI 

Im , ILI C TE I DI STILLED ATER) 

Rxpt. Sample Actual Solids Solids Retained by Solids tined by 
no. Size Concentration mbrane Filter Gooch Cruci.ble 

(ml . ) of Sample 
(mg/l) (nw'l) (%) (mg/1} (%) 

27 25 35 15.0 42. 8 -* -* 

28 50 JS 21.0 60.o 10..5 30. 0 

29 75 35 19.3 55.1 11. 9 34.0 

.30 100 35 18.0 51.4 12. 0 34.2 

31 50 ,2 29. 0 5.5. 7 27. 0 51.9 

.32 200 52 30. 8 59 .1 31.3 60.9 

33 25 200 102.0 51. 0 69 .0 34.S 

34 50 200 100.0 50. 0 106. 0 53.0 

35 75 200 116 .. 0 58. 0 105.4 S4.2 
36 100 200 114.0 57.0 114. 0 57.0 

31 12.5 200 106.0 53. 0 105.6 52.8 

38 150 200 120.8 60.4 123. 2 61.6 

39 175 200 119 • ., 58.B 130. 2 65. l 

40 200 200 120.1 60. l 1.37 .6 68. 8 

41 250 200 13.3. 5 66. 8 129.3 64. 7 

42 .300 200 136 • .3 68.2 151.6 1s.a 

* Gooch crucible method yielded .negative r esults •. 
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I I I II I I I I I...,_ l~l,_.__,_._.-+++r+r+-+-r++-1-HH-1-+-+++++++-H-1-H 

1-H-++++++-+-tJ.:M·igure 2 a Comparison of 

Accuracy Achieved +-+-1--H-1++-H-++++1--H-1+~ 

by Membrane Filter·H-1-++++-1-++++-1-++++-11-1-+-1 

and Gooch CrucibleH-1-++++-1-++++-1-++++-11-++-1 
111 , ~ od 3 

80 H-t-H-t-H-H-t-H-H-t-H-H-t-H-H-+-H-+++-H-+++-H-+++-HH-+++-H-+++-H-+++-1-++++-1-++++-1-1-i-1 

II 

70 r-H"T"H-M-t-H-T"H-M-t++-t-HrH-t+++HrH-t+++Ht-+++++-++-t-++++-+-++-t-++++-t-++t-++++-t-++H 
II I/ 

17 
17 

>-+-t-+-1-............ ....._.- ,LH-1-Hl-+-+-++++++++-++-H-1-+-+++++++-++-1-HH-1--H-++++++-++-f-+-~· ~·~f74-+++++-1-i-1 

60 v;jj~~~ltjjj±t±tJtti±tjjj±ttttti±tjjj±t±ttti±t~~tt±±tjjjjjj 
17 

17 
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the accuracy achieved by the membrane filter is definitely superior to 

that o.f the 1ooch crucible. or higher turbidities, the Oooeh crucible 

retained a shade more solids and consequently yielded better results . 

Nevertheless, its sta " d dev1 tion from the mean is still higher. This 

is fully discussed in the following section .of this research. 

Precision 

The precision of an analytical method is best expres ed by the 

standard deviation which is defined s the square root of the sum of 

the squares of 11 the deviations,. divided by the total number of obser-

vat.ions minus one . Algebraica.11~ .. , it r written in the form 

er = jJ;. ( x - x ) :t . 
'>- I 

where O' = standard deviation 

17 • number of observations 

'>' = observed values 

-
X • Ve?" of 11 observations 

The precision can further be expres-sed as the coefficient. of variation 

Cv, the ratio of the standard deviation to the average, expressed as a 

percentage, Cv : 100 tr /i. 

For the sake of comparision, the precision of both methods are 

calculated by using the above formulas and the results are shown in 

T ble IV f or concentrations of 20, 35, $2, and 200 mg/1. 1th the 

exception of the 35 :/1 sample, the standard deviation .for each of' 

the others was greater b}" the Gooch crucible thod . However., the 

data from these t hles reveal the higher degrt;,.;, of precisio~ that ean 

be achieved when usi the membrane .filter for suspended solids deter-

inations. 
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TABLE IV 

PRECISIO OF THE m!NE FILTER & GOO(l:I CRUCIBLE YETHODS 

FOR SUSP NDED SOLIDS DETERMINATIO ~ USI VARIOUS 

SILICATE CONCEHTRATIONS 

Conce:n- . thod No. of' - er CV X I. (1t-)£J ~ tion Samples (mg/1) (mg/1) ( %) 
(mg/1) 

20 Membrane Filter 8 10. 2 28.9 f 2. l 20. 6 

Gooch Crucibl e 8 5.5 57.6 f 2.8 ,i.o 

35 ·embrane filter 3 19.h 4-53 ±1.; 7.7 

0 oeh Crucible 3 11..5 1.41 !0.8 7. 0 

52 brane filter 2 29.9 1.62 ±1-27 4.2 
Gooch Crucible 2 29.2 3 .. 3 ~.81 6. 2 

200 Uembrane f'ilter 10 116. 8 1.319.7 !:i.2.1 1 
' 

Gooch Crucible 10 111.s 4621. 0 i22.7 19.3 
. 

In order to investigate the precision of tho membr ne .filter appli­

cation more comprehensively, experiments 43, 4h, and 45 w re rked out 

on 20, 100, and 150 mg/1 gnesi.um silicates sponsions respectively. 

Ten determinations were de fore ch concentration using as le size 

of 100 ml.. The results of the three experiments are shown in T ble v. 
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T BLE V 

PRECISION OF THE UEW>Jl.ANE FILTER OD 

Ex:pt. Actual Solid No . of - 2 Cv X 0-.. Concentration s :ies (mg/1) 2/'tt-i) (mg/1) (%) 
(mg/1) 

43 20 10 6.3 29.1 tl• 28.6 

44 100 10 67.0 127.1 ! 3- 7 5.5 

45 150 10 76 .• 7 530.6 ! 7•7 10. 0 

A final step w s made to investigate the percentage retention. and 

hence the performance of the membrane filter for various coneontcrations 

by summarizing the data of Tables IV and V in Table VI and plotting it 

in Figure III. The slopes of the lines shown in Figure Ill indicate the 

AV.mAGE RE.TENTION BY TUE 

Actual Solid 
Concentration 

(mg/1) 

20 

20 

35 

S2 

100 

lSO 

200 

TABLE VI 

lRANE FILTER FOR VARIOUS OONC, 

Average Retention 
b Membrane Filter 

(mg/1} 

10. 2 

6.3 

19.4 

29.9 

67. 0 

76.6 

ll6.8 

TIO NS 

19 



14-0 01 

V 
l.-' 

V 

120 I I I I I I I I I I I i I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ! I I I I I I I I I I I ! I I I I I I I I I I I I I ! I I I I I I I : I I b:4 1"1 I I I I I I ! ~ 
y 

y 
'/' 

r-,, I/ 

i lQQ II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 111111111111111 tmtil 111 lflfflf II II II II I II II I II II 
-....;' 

A 
0 

,,-i 

+::> 
A 
Q) 

+' 
(1) 

pq 

Cl) 

rd 
,,-l .., 
0 
tQ 

<l) 

bO 
co 
H 
Q) 

::,. 
<Xl 

~ 
l--

k 

80 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I L-14 ! I I I I I I 1 n I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
y 

1, 

_vf 1• 

v 
VI I I I I I J,. 

60 111111111111 11111 I 1111 111111111111111 I I I bl ·1 I 11 I :U-fl I 11 11 I I 111 I I I 111 11 I +H+I I I I I I l : I I I I I kl I I I I I 14-1-r f 1· I 
J,. 

I,, 
v 

I; 
J,1 I I I IY 

v 
v 

1+0 n FFfl if m nr 111111111111 rnnffitr i 111111111 ! 11n i 1111 fl, 111]tH If! 1111111111111111111111111111111 
y 

y 

r,; 

i:; J;; 
V J.,,... 

i.-

20 · FTTITHTrrrnrnrf'!1 r J 11 r 111 J.Jl H m111111 r 1 r 111 r rn11111 n11mrn11 rr T 111 111111111111111111111111111 
VI v 

o liltffiiHttn 1111111111111111111111111111111111111111111111111t1111111111111011111111111111111111n 

0 20 40 60 80 100 120 140 160 180 200 

Sample Solid Concentration (mg/1) 

Figure 3o Performance of the Membrane Filter Under Various Concentrations 

~ 



percentage retention of suspended solids. Considering all the points, 

the membrane filter has retained between JO per cent and 70 per cent 

of the solids. Ho ever, it is seen that most ot the points follow the 

60 per cent line quite ,c1o ely. Therefore, it can be assumed that the 

br ne filter achieves a um.to retention of 60 per cent of the sus­

pended solids or the vario samples. 

To that end, it is absolutely important to point out that the results 

achieved by usi the magnesium silie :te suspensions are simply indicative 

ot the performance, accuracy, and precision or the membrane filter and 

Gooch erucible methods, when using samples of known concentrations. 

They are by no mean conclusive in the way of solids retention capabil­

ities of both metho s . As stated previously, the magnesium silicate 

compound might contain cert in soluble impuritie$ for which no effort 

was made to evaluate. The criterion of this section o! the research is 

based wholly on the comparison of the two methods under similar and 

lm:>wn conditions. 
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CHAPTm VI 

Th adaptabil ity of the membrane f'ilter for aetu 1 representative 

con tions was investigated by using s ples of sewage and water in ex .. 

eriments 46-57 •-

Sewage 

Four s :mples from the infl.uent and effiuent of the primary am 
final settl~"' tanks were obtained .from Stillwater sewage treatment 

plant.. Suspended solids det.em.$.nations b;r the me.111brane i'i1ter and 

Gooch crucible thods were carried out using the techniques and pre-

c utions previously mentioned to guard against ar,y pos ible errors. The 

results of experi· ents 46, 47, 4 , and 49 a.re shO'\ffl in T ble VII. The 

precision of both method i s expressod in this table by the t nd.ard 

evi tion and the coefficient or variation. 

In experiment u.6 and for the i.nflue.nt to the primary settling tank 

the st ndard uen.ati.on obtained was co aratively h1p)l. This is at­

tributed to the fact that. the sample contained relatively large dis­

persed particles, supposedly grit ieh has escaped removal in the grit 

ch.amber or large organic . ttor. Such particles were retained only on 

so e of the filters hich resulted in bigger retent.ion and consequent.ly 

bigger deviation b:o the mean. 

Qomparing the standard deviations of both methods, it is readily 

.seen that the precision achieved by the membrane filter is de.finitely 
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TABLE VII 

FILTER ND O CH CRUCIBL OD 

t . pl e rane Fil ter ooeh Crucible 
i ze ')( a- Cv )C. er ~ 
. ) ( mg/1 ) (mg/1) (%) (mg/1) (mg/1) (%) 

Intl uent to 
h6 pr imary 25 203.6 

settling tank 
i 23.o 11 • .3 164. 8 :l24. 8 1,. 0 

Effiuent from 
47 primary 5 25 123. 2 ! 5.4 4.4 94.4 *3.5.7 16.6 

set tling tank 

Influent to 
48 ' .final 25 o;.2 l 2.3 2.7 69.6 i 7.1 10. 0 

sett lin tank 

Er-fl uent .t'rom 
49 final 5 25 47.6 

settli a tank 
± 4.3 9.0 32. 0 • 5,.5 17. 0 

Effiuent from 
*50 final 25 ,36. 0 i 3.7 10.0 -settling tank 

filters were not s ed with distilled water. 

hi h r than that of the ooch crucibl e. ..,oreo er, the mean lid con-

c ntr :tion yielded by the embr ne .filter is b er which obviously 

indicates better ccur cy. 

rl • ing t he m rane fil ter with distilled ter and then drying 

it for one our makes the t · c requirements for both methods a ut the 

s me. Experiment 5011 s rape ted on the effluent from the final settling 

tank without shing the membr ne filters to see the effect of e :wash-

ed_material on the results-when dea.ling with high turbidities. Comparing 
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the results of experiments 49 and 50, it is seen that the precision 

di'.d not materially change but the mean solid retention indieates that 

the unwashed filters los.t n.6 m-g/1, or 0.00029 gram for a 25 ml sample •. 

Although the aceuracy of the u.mrashed membrane filters is sli htly 

affected, it is still better than that of the Gooch crueible method. 

bviously, for higher turbidities the effect of the washed material 

becomes less important •. 

It is important to mention in that respect th.at even with the small 

sample sizes used, the membrane filters were partially clogged owing to 

the large turbidities and difficulties were experienced in running the 

sample through .. On the average, it was estimated that a. 25-ml sample 

lTOuld be fil tared in about 8 minutes. 

Water 

Experiments 5l-S7 rrere run on different sample sizes of tap water. 

A loss in the weight of the membrane filter and asbestos mat resulted 

in the majority of the tests. Experiments 54 and 5$ were made in the 

same day by washing the membr ane filters wi.th 500 ml. of distilled 

w ter and an average solids retention of 0,.4 mg/1 was obtained. In 

experiment 56~ the membrane filters were again washed with 500 ml .. of 

distilled water but the results ea.ma 011t negative. Therefore, the tests 

were considered void and it was concluded that both methods caP.not be 

used satisfactorily ror determining suspended solids in tap water. 

The performance of the membrane filter and Gooch crucible methods 

on ra}'f wa:ter can be visualized from Table I . Here again., the accuracy 

and precision of the membrane filter are superior to those obtained by 

the Gooch crucible :method. 
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Conclusions 

Greater reliance on the membrane filter application in determining 

suspended solids in ator and sewa"e is justified by the remarkable 

precision and accuracy associated. with its use . 

For routine analyses, the relatively hi~h cost of the membrane 

filter is the only detrimental factor. Ho ever, whcm dealing with 

hirrh turbidities , the membrane filter can be used directly without 

washi thus effecting a considerable saving in time which would offset 

the high cost of the filter slightly. 

For analytical research work, where time is not a factor , the use 

of the membrane filter to achieve more accurate results will justify 

the additional exo~nse . 
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APPENJIX 
SANITARY ENGINEERING LABORATORY 

School of Civil Engineering 
Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Raw l!fater 

50 • 
200 ml. 
103 °c. 

1 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
6 . 13c;9h 

Tare weight (g) 
6 . '1t:;67 

Weight of solids (g) 
0 . 0027 

Solid concentration (mg/1) 
c;'/1 

Mean solid concentration= 
Retention= 

2 

6 . 6067 

6J,oc:;1c; 

o . 001c;c; 

31 

46 .3 mg/1 
% 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 
17 . 2h76 

Tare weight (g) 
17 . 2ht,c, 

Weight of solids (g) 
0 . 0021 

Solid concentration (mg/1) 
h2 

Mean solid concentration= 
Retention= 

Remarks: 

2 

16. 1797 

16 .1771 

0 . 0021.i 

lt8 

45 .0 mg/1 
% 

27 

3 

6 . t,C:h6 

6 . C:C:19 

0 . 0027 

C:J I 

3 

1 C, . 77C:l, 

1c; . n11c: 

0 . 00?2C: 

I.LS 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

2 

Suspended Solids 

Raw Water 
so ml. 

3QQ ml. 
103 

o · C; 

2 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

2 

Mean solid concentration= 
Retention= 

46. o mg/1 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 2 

% 

mg/1 
% 

28 

3 

3 

orci t 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Baw W:a+er 
5a ml. 

1,00 ml. 
o · 

C 

?2 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
6 . 8176 

Tare weight (g) 
6 . 81c,1 

Weight of solids (g) 
0 . 0021 

Solid concentration (mg/1) 
l.i6 

Mean solid concentration= 
Retention= 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 

2 

fi . c:;c:;c:;? 

6 . c,qo 

0.()()?? 

} rl 1 

4[' mg/1 ;:i . O 

2 

% 

mg/1 
% 

29 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Suspended Solids 

Raw ater 
50 ml. 

300 ml. 
103 oC, 

1 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
1 

Tare weight (g) lS . 
Weight of solids (g) 

0 

Solid concentration (mg/1) 

2 

Mean solid concentration= 
Retention= 

41.3 mg/1 
% 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 
16. 2 16 

Tare weight (g) 

Weight of solids (g) 0 . 0020 

Solid concentration (mg/1) L.o 

Mean solid concentration= 
Retention= 

Remarks: 

2 

111 . 

0 . 002 

44.6 mg/1 
% 

30 

3 

3 

52 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Suspended Solids 
Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Raw Water 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

50 ml. 
500 ml. 

o · a. 
1 hr. 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

2 

Mean solid concentration= 
Retention ... 

42 . 3 mg/1 
% 

Gooch Crucitle Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Rete.ntion = 

1 

39 .0 

2 

mg/1 
% 

31 

3 

0 . 002 

3 

/il 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Raw 1Nater 
$0 ml. 

200 ml. 

0 oC 

1 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) o.oo 2 

Solid concentration (mg/1) 
6 

Mean solid concentration= 
Retention= 

2 

o.oo 0 

60 

61.3 mg/1 
% 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration = 
Retention = 

1 

61.0 

2 

mg/1 

% 

32 

3 

3 

65 
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SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Suspended Solids 

Raw Water 
100 ml. 

200 ml. 
10 oc, 

1 hr. 

AA 

Membrane Filter Method 

Sample I 

Tare weight plus solids (g) 
6 6 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

2 

Mean solid concentration= 
Retention= 

60.6 mg/1 
% 

Gooch Crucitle Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 2 

mg/1 
% 

33 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Raw Water 

2oo mlo 
0 o a. 
hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
1c; . 1261 

Tare weight (g) 
l', . 1169 

Weight of solids (g) 
0 . 0092 

Solid concentration (mg/1) 
61 . ? 

Mean solid concentration= 
Retention= 

2 

it;.L.900 

l', . L.810 

60. 0 

0 . 0090 

60 

mg/1 

% 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 
6 ? 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration = 
Retention = 

Remarks: 

1 2 

39 . 0 mg/1 

% 

34 

3 

1 t; . J,169 

l', . h079 

0 . 0090 

60 

3 

q 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Raw Water 
175 ml. 
200 mlo 

oc. 
hr. 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 2 

57 .6 mg/1 

% 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 
16.1976 

Tare weight (g) 
16 .1889 

Weight of solids (g) 
0 . 0087 

Solid concentration (mg/1) 
L.9 . 6 

Mean solid concentration= 
Retention= 

Remarks: 

2 

1c; .7c;21 

1S'.7h11 

0 . 0090 

c;i. 2 

50.4 mg/1 
% 

35 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

JO 
Suspended Solids 

Baw 1 r~ t.er 

100 ml. 

2QQ mlo 

103 
0 C, 

1 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 
0 

Solid concentration (mg/1) 

2 

Mean solid concentration= 
Retention= 

56. 5 mg/1 
% 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 
16 . 201 c:: 

Tare weight (g) 
16 . 1970 

Weight of solids (g) 
O. OOJ ,c:; 

Solid concentration (mg/1) 
) I c; 

Mean solid concentration = 
Retention= 

Remarks: 

2 

1 c:; _ 7?1 R 

1 C:: 71 7}, 

44.5 

n nnJ.J. 

) ,) I 

mg/1 

% 

36 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 1 

Type of experiment Suspended Solids 
Type of sample Paw :Water 
Sample size 150 ml. 
Amount of wash-water 200 mlo 
Drying temperature oC, 

Drying time hr. 

Type of membrane filter 88 

Membrane Filter Method 

Sample 1 2 

Tare weight plus solids (g) 
6 . r::.hc;i f; _9'.lQ? 

Tare weight (g) 
6 . t;r::,(;7 6 . 9i07 

Weight of solids (g) 
0 . 0086 o.oo~c:; 

Solid concentration (mg/1) 
C57 . 2 r::.6 . 6 

Mean solid concentration= 
Retention= 

mg/1 

% 

Gooch Crucible Method 

Sample 1 2 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) ,r::, 

Mean solid concentration = 45 .6 mg/1 
Retention= % 

Remarks: 

37 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

]? Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Raw 1Ya t,er 

175 ml. 

200 mlo 
oc. 

1 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
fi . r:;'7::>~ 

Tare weight (g) 
6 . S612 

Weight of solids (g) 
0 . 0111 

Solid concentration (mg/1) 
61 . 2 

Mean solid concentration= 
Retention = 

2 

6 . 9l1r:;'R 

6 . 91h8 

0 . 011 n 

6::> . 8 

61.0 mg/1 
% 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

\./eight of solids (g) 

Solid concentration (mg/1) 

Remarks : 

Mean solid concent r at i on = 
Ret ention = 

1 

6 

58 . 0 

2 

mg/1 

% 

38 

3 

3 



SANITARY ENGINEERING LABORATORY 
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Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

13 
Suspended Solids 

Raw ll[ati=>r 

200 ml. 

?QQ mlo 

10 oc. 

1 hro 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

2 

Mean solid concentration= 
Retention= 

61 . 0 mg/1 

% 

Gooch Crucible Method 

Sample 1 2 

Tare weight plus solids (g) 16 . 1801c:; it; . 7?81 

Tare weight (g) 
16 .16980 l c:; . 71 f,9 

Weight of solids (g) 
0. 0109c; 0 . 011 ), 

Solid concentration (mg/1) c:;J, . 7c; c:;7 . 0 

Mean solid concentration= 
Retention = 

55 .9 mg/1 

% 
Remarks: 

39 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineer ing 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Ra:vr 1'-ra_+~r 

300 ml. 

200 mlo 

103 oc.. 

1 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
6 . 61Rl, 

Tare weight (g) 
6 . 620? 

Weight of solids (g) 
0 . 01'32 

Solid concentration (mg/1) 
60J, 

Mean solid concentration= 
Retention= 

2 

6 . 9~71 

fi . 9,.RR 

o . m81 

61 . 0 

60. 8 mg/1 
% 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

Remarks: 

1 

57 .25 

2 

mg/1 

% 

40 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Suspended Solids 
Experiment No. 
Type of experiment 
Type of sample 
Sample size 

20 mg/1 magnesium silicate suspension 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

25 
200 

10 

1 

AA 

ml. 
ml. 
oc 
hr. 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 10. 8650 

Tare weight (g) 10. 8650 

Weight of solids (g) 0 . 0000 

Solid concentration (mg/1) 

2 

19 . 5546 

19 .5545 

0 . 0001 

4. 0 

Mean solid concentration= 
Retention= 

2. 0 
10. 0 

mg/1 
% 

Gooch Crucible Method 

Sample 1 
-

Tare weight plus solids (g) 15. 9246 

Tare weight (g) 15. 9260 

Weight of solids (g) 
- 0. 0014 

Solid concentration (mg/1) omit 

Mean solid concentration= 
Retention = 

Remarks: 

2 

15. 7616 

15. 7623 

-0 . 0007 

omit 

mg/1 

% 

3 

3 

41 
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16 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

2Q roq,/J roagnesi urn si Ji ca±e suspr.n:isfa:r;;i, 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

50 

200 

1 
AA 

ml. 
mlo 
oG. 

hro 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 
0 . 000 

Solid concentration (mg/1) 
0 

Mean solid concentration= 8.o 
Retention = 40 . 0 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 

---

2 

mg/1 

% 

2 

mg/1 

% 

3 

3 

42 
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17 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

20 mg/1 ma~nesium silicate susnension 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

25 
200 

10 

1 
HA 

ml. 
ml. 
oc. 

hr. 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
10.8818 

Tare weight (g) 10. 8%0 

Weight of solids (g) 
- 0 . 0002 

Solid concentration (mg/1) 
omit 

Mean solid concentration= 
Retention= 

2 

19 . S721 

19 . t;721c; 

o . 0001~ 

6 . 0 

6 . o mg/1 
30. 0· % 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 1 t:; . 91),f, 

Tare weight (g) 
1c; . 9lh9 

Weight of solids (g) 
-0.0001 

Solid concentration (mg/1) 
omit 

Mean solid concentration= 
Retention= 

Remarks: 

2 

it:; . 8018 

1c; . 80/,1, 

-0.00M 

o --;it 

mg/1 
% 

3 

3 

43 
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]8 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

20 rng/J roagoesi nm si J ; ca±e snspons;j o:r;i, 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

so ml. 
200 ml. 

103 °c. 
1 hr. 

HA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
19 .'6914 

Tare weight (g) 19 .6911 

Weight of solids (g) 0. 0001 

Solid concentration (mg/1) 6. 0 

Mean solid concentration= 
Retention= 

2 

20. t;891 

20 . t:;890 

0 . 0001 

6 . 0 

6.o mg/1 
30. 0 . % 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 15. 7567 

Tare weight (g) 15. 75715 

Weight of solids (g) - 0. 00045 

Solid concentration (mg/1) omit 

Mean solid concentration= 
Retention= 

Remarks: 

2 

15. 8203 

15 . 8211 

- 0. 0008 

omit 

mg/1 

% 

3 

3 
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19 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

20 mg/1 mag"nesi.um si Ji cat.P susoensi an 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

75 
200 

103 

ml. 
ml. 
oc. 

hro 

Membrane Filter Method 

Sample 1 2 

Tare weight plus solids (g) 10.88S1 19. S?J,6 

Tare weight (g) 10. 38465 19 . S718 

Weight of solids (g) 6 .6 0. 000,g 

Solid concentration (mg/1) 
10 .6 

Mean solid concentration = 8.6 mg/1 

% Retention = 43 .0 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 15' . 9386S 

Tare weight (g) 15.93s4c; 
Weight of solids (g) 0 .00020 

Solid concentration (mg/1) 2.6 

Mean solid concentration = 
Retention = 

Remarks: 

2 

lS.7979 

lS . 7978 

0. 0001 

1. i 

1.9 mg/1 

9. 8 % 

3 

3 

45 
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20 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

20 mg/1 magnesium silicate susnension 

100 ml. 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

200 mlo 

103 °c. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 19 .6929 

Tare weight (g) 19 .69175 

Weight of solids (g) 0. 00115 

Solid concentration (mg/1) 11 .5 

Mean solid concentration= 
Retention= 

2 

20. 5902 

20. 5890 

11.8 
59 .0 

0. 0012 

12 

mg/1 

% 

Gooch Crucible Method 

Sample l 

Tare weight plus solids (g) 15. 7453 

Tare weight (g) 15. 7450 

Weight of solids (g) 0. 0003 

Solid concentration (mg/1) '3 

Mean solid concentration= 
Retention = 

Remarks: 

2 

15. 7937 

15. 79'35 

0. 0002 

2.5 
12 . 5 

2 

mg/1 

% 

3 

3 

h6 
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21 

Suspended Solids 
Experiment No. 
Type of experiment 
Type of sample 
Sample size 

20 mg/1 magnesium silic.CJte suspension 

12S: ml o 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

200 mlo 

103 °c. 
1 hro 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 10.8880 

Tare weight (g) 10.8871 

Weight of solids (g) 0.0009 
,. 

Solid concentration (mg/1) 7.2 

8.6 Mean solid concentration= 
Retention= 

43.0 

Gooch Crucible Meth~d 

Sample 1 
-

Tare weight plus solids (g) 15.8119 

Tare weight (g) 15.8113 

Weight of solids (g) 0.0006 

Solid concentration (mg/1) L.. 8 

Remarks: 

Mean solid concentration = 6 .6 
Retention = 33.0 

2 

19.5739 

19.57765 

0.00125 

10 

mg/1 
% 

2 

1.S. 74385 

15. 71+280 

0.00105 

8.4 I 

mg/1 
% 

3 

3 

47 
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Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane f 11 t'er 

150ml. 

2oomlo 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
1 q .691Fl 

Tare weight (g) 
19.691 c;'i:'. 

Weight of solids (g) 
n 00??~ 

Solid concentration (mg/1) 
1 C: 

Mean solid concentration= 
Retention= 

2 

?0.6010 

?O.C:qRq 

n.OO?l 

1 I, 

14.5 mg/1 
72.5 . % 

Gooch Crucible Method 

Sample 1 
-

Tare weight plus solids (g) 
1 r:: C:q~.< 

Tare weight (g) 
1 C: i::0.:::1 

Weight of solids (g) 
n nm r::: 

Solid concentration (mg/1) 
1n 

Mean solid concentration= 
Retention= 

Remarks: 

2 

1 r.:: f,r::,qf,. 

10.0 

50.0 

1 i:: f..r::g, 

n nmr:: 

,n 
mg/1 

% 

48 

3 

3 
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23 Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

175 ml. 
200 ml. 

0 °c 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 10. 13962'5 

Tare weight (g) 10. 891.i?O 

Weight of solids (g) o. 001c;c; 

Solid concentration (mg/1) 8. ~ 
Mean solid concentration= 

Retention= 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) lS' . 8200 

Tare weight (g) lS' . 8187 

Weight of solids (g) 0. 0011 

Solid concentration (mg/1) 
7 . Lt 

2 

19 . ~St:;'.lc; 

19 . ~317c; 

00 . 00160 

9.1 

2 

mg/1 

% 

1S' . 681.i6 

1S' . 681c; 

0 . ()011 

6 . 1 

Mean solid concentration= 
Retention= 

6 . 8 

34 .0 

mg/1 

% 
Remarks: 

49 

3 

3 



SANITARY ENGINEERING LABORATORY 
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2/i 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

20 mg/1 marrnesium silicate susnensi1n 
200 ml. 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

200 ml. 
, oc 

1 hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 19 . 7041.i 

Tare weight (g) 19. 7023 

Weight of solids (g) 0. 0021 

Solid concentration (mg/1) 10.5 

Mean solid concentration= 
Retention= 

2 

20. 602c; 

20 .6006 

0 . 0019 

9. 5' 

10. 0 mg/1 
so . o . % 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 15.5645' 

Tare weight (g) 15.5629 
Weight of solids (g) 0. 0016 

Solid concentration (mg/1) 8 

Mean solid concentration= 
Retention = 

Remarks: 

2 

lS' . 6119 

lS' . 6101c; 

7.8 
39 . 0 

o . 001c;c; 

7 . 7C:. 

mg/1 

% 

3 

3 

50 
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Experiment No. 25 
Type of experiment Suspended Solids 
Type of sample 
Sample size 250 ml. 
Amount of wash-water 200 ml .. 
Drying temperature 10) oc. 
Drying time 1 hr. 

Type of membrane filter AA 

Membrane Filter Method 

Sample 1 2 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration = 9.1 

Retention = 4!>•$ 

Gooch Crucible Method 

mg/1 

% 

Sample 1 2 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration = 2.9 
Retention = 1.h.,,,, 

mg/1 

% 

3 

3 



SANITARY ENGINEERING LABORATORY 
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Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

)00 ml. 

200 mlo 

l OJ oa. 
l hr. 

AA 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retent i on= 

1 

10.0 
so.o . 

Gooch Crucible Method 

2 

mg/1 

% 

Sample 1 2 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks : 

Mean solid concent r a t i on = 4.9 
Ret ention = 2h. $ 

mg/1 

% 

3 

3 
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27 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

35 mg/] magnesi urn si Ji cat.e suspension 

25 ml. 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

200 mlo 

103 °C, 
1 hr. 

,AA 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

15.0 

h2. 8 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks : 

Mean solid conc ent ration= 
Ret ent i on = 

1 

2 

2 

mg/1 

% 

mg/1 

% 

3 

3 

53 
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28 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

35 mg/1 magnesi1w silicate suspersiQn 
50 ml. 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

200 mlo 
oc. 
hr. 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

21~0 
60 .. 0 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 

10.5 
30.0 

2 

2 

mg/1 

% 

mg/1 

% 

3 

3 

54 



SANITARY ENGINEERING LABORATORY 
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Experiment No. 29 
Type of experiment Solids 
Type of sample 
Sample size 15 ml. 
Amount of wash-water 200 mlo 
Drying temperature 10,3 oc, 

Drying time l hr. 

Type of membrane filter AA 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 
1 

Tare weight (g) 

Weight of solids (g) 0. 000 
Solid concentration (mg/1) 

Mean solid concentration = 11. 9 

Retention = J4. 0 
Remarks: 

2 

2 

mg/1 

% 

mg/1 

% 

3 

3 
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30 
Suspended Solids 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

JS mi/1 magnesium silicate suspension 
JQQ ml. 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

?QQ mlo 
0 

103 c. 
hr. 

AA 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

18.0 
,1.4 . 

2 

mg/1 

% 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks : 

Mean solid concentration = 
Retention= 

1 2 

12.0 mg/1 
34. 2 % 

3 

3 

56 



SANITARY ENGINEERING LABORATORY 
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Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

:n 
Suspended Solids 

2 . 

!;tO 

200 
103 oc. 

l hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 
0 

Solid concentration (mg/1) 

Mean solid concentration = 29. 0 

Retention = $$. 7 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 
0 

Solid concentration (mg/1) 

2 

2 

mg/1 

% 

Mean solid concentration= 
Retention = 

mg/1 

% 
Remarks: 

51 

3 

3 



SANITARY ENGINEERING LABORATORY 
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Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Solids 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

2 

Weight of solids (g) o.006 , 
Solid concentration (mg/1) 

Mean solid concentration = J -.75 
Retention = S9 l 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

2 

mg/1 

% 

Mean solid concentration= 
Retention = 

3 . 25 mg/1 
% 

Remarks : 

3 

3 
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Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

?S ml. 
Amount of wash-water 
Drying temperature 
Drying time 

200 ml. 

l l oC 

1 hr. 

Type of membrane filter ,AA 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration 
Retention= 

1 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids ( g) 

Solid concentration (mg/1) 

Remarks : 

Mean solid concentration= 
Retention= 

1 

2 

2 

69 mg/1 
.s % 

3 

3 



SANITARY ENGINEERING LABORATORY 
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Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

$0 

zoo 
103 

1 
ll 

ml. 
mlo 
oc. 

hro 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 9 
Mean solid concentration= 

Retention= 

1 

100 

so 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 

2 

2 

mg/1 

% 

mg/1 

% 

3 

3 

60 
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Experiment No. .'K 
Type of experiment Solids 

· Type of sample 200 
Sample size ml. 
Amount of wash-water ml. 
Drying temperature oc. 

Drying time l hr. 

Type of membrane filter M 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 19 ?la 
Weight of solids (g) o. 
Solid concentration (mg/1) 116 

Mean solid concentration= 
Retention= 

116 
S8 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) no. 

Remarks : 

Mean solid concent ration= 
Retention = 

2 

2 

mg/1 

% 

3 

3 

l 



SANITARY ENGINEERING LABORATORY 
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Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Solids 

100 ml. 
200 ml. 
103 °c. 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

114 
S7 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks : 

Mean solid concentration= 
Retention= 

1 

1 
S7 

2 

2 

mg/1 

% 

mg/1 

% 

3 

3 
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37 Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

US ml . 
2 mlo 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

2 

Solid concentration (mg/1) 2 106 • . 
Mean solid concentration= 

Retention= 
mg/1 

53 % 

Gooch Crucible Method 

Sample 1 2 

Tare weight plus solids (g) 15.h~ 1$. 8$9ls 

Tare weight (g) 1S.h5iOS lS.SS6t 
Weight of solids ( g) 0.01320 o.m.32 
Solid concentration (mg/1) 10$.6 10$.6 

Mean solid concentration= 
Retention = 

10.S.6 mg/1 
S2c4f8 % 

Remarks: 

3 

3 
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Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

38 
Suspended Solids 

lSO ml. 

200 mlo 

101 oc. 

1 hro 

AA 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 
0 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) . 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration = 123. ~ 
Retention = .6 

Remarks: 

2 

2 

mg/1 

% 

mg/1 

% 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Solids 

175 ml. 
200 ml. 
103 °c. 

1 bro 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 
0 

Solid concentration (mg/1) 

2 

Mean solid concentration= 
Retention= 

ll9.S mg/1 
,, s % 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids ( g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 2 

mg/1 

% 

6S 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 

200 ml. 
10.) 0 c 

1 hr. 

Type of membrane filter 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 19 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

Gooch Crucible Method 

Sample 1 

Tare weight plus solids (g) 15.79 
Tare weight (g) 

Weight of solids ( g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention = 

2 

2 

mg/1 

% 

mg/1 

% 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Suspended Solids 

ml. 
103 oc 

hr. 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 
l 

2 

Mean solid concentration= 
Retention= 

133. s mg/l 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration = 
Retention = 

1 

.,s % 

2 

mg/1 

% 

7 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 
Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Suspended 
200 

'1100 ~ ml. 
200 ml. 
10) 0 c 

l hr. 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 29.1788 . 
Tare weight (g) 29.1380 
Weight of solids (g) 0 .. 0408 
Solid concentration (mg/1) ]J6.o 

Mean solid concentration= 
Retention= 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration = 
Retention= 

1 

2 

1.9.3951 

19.JSbl 

o .. O!tlo 

]J6.6. 

2 

mg/1 

% 

3 

3 



SANITARY ENGINEERING LABORATORY 

School of Civil Engineering 

Oklahoma state University 

Sample 1 2 3 . 4 5 -~ :· 6 ·-· .7 r 8 9 · 10 

'}:'are . M?igl?.t t . $O=l4d$ . (g) , 

ra.r~ _ y.BigJ::it _ {g) _ ._ 

V{ eJ,gh t -: Qf. $OJid~ _{g) .. 

S94d _ o:,nc. (mg/i) _ . 

Mean oolid concentration = x =- 6,.J mg/1 

Sample No. 
-

1 
2 
3 
4 
5 
b 
7 
8 

-2.. 
10 

E (x ... 5c)2 = 

+ / E(x -- ~)2· standard deviation= <J = - · 
n - 1 -

where n = number of observations 

x = observed values 

x = mean of n observations 

a = J ,:,. , + = - 1 .. • /l. • • 

Experiment No.: 
'Iype of. sample : 1 -:i:aMMllWU. 0~:)G.'fUJ1t)D; 

Sample size: 
Typa of fi 1 ter : 



SANITARY ENGINEERING LAOORATORY 

School of Civil Engineering 

Oklahoma state University 

Sample l 2 3 . 4 5 - I _- 6 7 8 . 9 . 10 

'rare . weigl).t . + . 50µ9-s . (g) . 

'f~e . weight . {g) 

Weight Qf solids . (g) 

S9'.µd oonc~ . (mg/1) . 

Mean oolid concentration = X =- 67.os mg/1 

Sample No. (x - x) (x.-- ~) d d . . + F-;· X = xfZ stan ar deVJ.ation =- a = - __ . __ 
· n - 1 -

l where n = number of observations 
2 
2 x = observed values 
4 
5 x = mean of n observations 

7 • 0 • 1 *"*' ,, + = - • ,u/1 
• • 

2 Experiment No. : 
Type of sample : l lilat!MDi 111~ 

10 

r: (x - x)2 Sample size: 
Type of filter: 

~ 



SANITARY ENGINEERING LA:OORATORY 

School of Civil Engineering 

Oklahoma. state University 

Sample 1 2 3 4 5 - I _· 6 7 8 9 10 

ra:re . weight .+ . soUds . (g) . 

T?:re . y.eight . { g) . 

W~ght, of solids . (g) . 

Sqµ.d oonc • . (mg/1) 
74 -ai 

Mean oolid concentration = i = 16-7 mg/1 

I 
(x - x) I (x - X) 

I 

+ JE{x -- ~)2 Sample No. standard deviation=- CJ = - 1 - n-
1 - 2. ~l I z.22 where n = number of observations 
2 
3 I ? . ~ I 

,. 
I X = observed values ~- ~O 

4 
5 X = mean of n observations 

a • J S30,,g + • = - 7.7 7 • • 10-1 
9 Experiment No. : 45 10 , l"I "J Type of sample : 150 my/1 magnesium silicate. suspension 

~ 
E (x - x)2 = 530.60 I Sample si. ze : 100 

'.!'YJ;:e of filter: AA 



SANITARY ENGINEERING LABORATORY 

School of Civil :Engineering 

Oklahoma state University 

Membrane Filter Method Gooch Crucible -Method 
Sample 1 I 2 I J I 4 5 l i 2 I 3 I l+ 

x-x ~x - 1.'. 12 Sam_2_le No. (x - x X - :x)2 

1 1 
2 2 
3. ... 
4 ~ 
2 5 

D:x - x)2 - 211,.12 I::(x = x, = 

standard deviation = 0 = :t V'E(x-~~x)2 
n-1 

standard deviation = cr = + vr.( x - jcJ2 
n-1 

+ 11 ?h6!l = = ,-1 + 11 2llS.l,2 = = 5~1 
+ = = 24. 9 + 23 .0 mg/1 = = mg/1 

C'.oeft. or variation :: 100 /i : 100 x 2J 
Experiment No: 46 2~) .. 6 : 11.3 Coaft. of vari~tion : 100 /i. : ls>91 x1124. 8= lSj 

Type of sample g Influent to orimary &ettlin1,t tank 
Sample size g 25 · 
Type of filter g AA. 

~ 



SANITARY ENGINEERING LABORATORY 

School of Civil .Engineering 

Oklahoma state University 

Membrane Filter Method 
Sample 1 2 I 3 I 4 5 

le Noo x-x \x ~ ,: i2 

1 
2 
3 
4 
5_ 

I:Xx - x)2 ~ 116 .. BO 

, 
..... 

Gooch Crucible Method 
2 I 3 

Sam.12_le No. tx = x 

1 
2 
1 
~ 
5 

:E(x - x.Y. = 

4 5 

X - 3f)2 

987.20 

Standard deviation = 0 = :t Y :E Cx - x )2 
n-1 

standard deviation = o = :t V :E ( x 
- ··~ 

n-1 

= + Vllo.80 
5-1 

= :!: 5.4 mg/1 

Coeft. of variation: 100 /x = 10~ x 5.4 _ 4.4% 
. 23.2 -

Experiment No: 47 
Type of sample g Effluent from primary settling tank 
Sample size: 25 
Type of filterg AA 

= :t v 2az,20 
S-1 

+ = = 15 .• 7 mg/1 

Coeft. of variation = 100 /x - 100 x 15.7-16,6! - 94.4 -

~ 



SANITARY ENGINEERING LABORATORY 

School of Civil Engineering 

Oklahoma state University 

Membrane Filt er Method 
Sample 1 I 2 I 3 I 4 

x-x X ~ X12 

1 
2 
1 
~ 
2 
D:x - x)2 ~ 

standard deviation = 0 .,, :!: V r: Cx _ i )2 
n-1 

+ v 20,80 = = ,-1 
+ mg/1 2.3 = 

Coe.rt. of variation • 100 /i. a 100 x 2.3 • 2•1 
Experiment No: 48 8S,2 . 
Type of sample: Influent to final settling tank 
Sample size: 2$' 
Type of filter : AA 

5 
Gooch Crucible Method 

1 i 2 I 3 I l+ 5 

SamE_le No. (x - x X - jr)Z 

1 
2 

!± 
5 

· Z::(x - xY. = 20.3 . 20 

standard deviation = o = :!:. V Z:: (x - ~ 
n-1 

+ V ZOJ.20 
= = 5-1 

+ = = 7.1 mg/1 

Coeft. of Varia t ion = 100 /i. : 100 x 7.1 1~ 
. 69 .i = 

--- ----=---

i#-



SANITARY ENGINEERING LABORATORY 

School of Civil Engineering 

Oklahoma state University 

Membrane Filter Method Goo ch Crucible Method 
Sample l I 2 I J I 4 5 1 i 2 I 3 I 4 5 

le No. x-x X - ~)2 Sam_Ele No. lx - x X - jf)2 

l 1 
2 2 

3_ 

4 b-_ 

2 5 

nx - x)2 - 75.20 lJ(x = x'J = 120. 0 

standard deviation = CJ = ~ VI:: Cx ·~~ x ) 2 
n-1 

standard deviation = CJ = + 1/'f.( x - ···3c;2 
n-1 

+ v 1g·20 = = -1 
+ 4.3 = = mg/1 

Coert. or varia,tion • 100 Ii : 100 x 4•.\-: 9 
Experiment No : · 49 47 ,6 
Type of sample: Effluent from final settling tank 
Sample size: 25 
Type of filter : AA 

+ V = -~ 
., ';:;.., 

+ = = 

J 20;0 .;::_·-,.-~--
5-l 

5•) mg/1 

-rt. of variat.ion • 100 /i : 100 x 5.5 
32 :: 17 

vl 



SANITARY ENGINEERING LABORATORY 

School of Civil Engineering 

Oklahoma state University 

Membrane Filter Method Gooch Crucible Method 
Sample 1 I 2 I J I 4 5 l i 2 I 3 I 4 5 

= mg 

le Noo x-x X ~ ,: )2 Sample No. tx - x) (x - x)2 

1 l 
2 2 
3. 3 
4 4 
; 5 

D:x - x)2 - 56 .0 b(x = xY = 

standard deviation = o "' ! v~Cx~~xJ2 
n-1 

standard deviation = o + Vb(x - 3cP 
= ~ n-1 

+ 11 == ------_ :t v 56.a 
- 5-1 
= :!: 3- 7 mg/1 

+ 
mg/1 

Coeft . of variation• 100 /~ • 100 x 3.7 - 10d 
36 - /0 

Experiment No : 50 
Type of sample g Effluent from final settling tank 
Sample size g 25 
Type of filterg AA (Unwashed) 

~ 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

JOO ml. 
200 ml. 
1,03 oc. 

1 hr. 

AA 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

-
Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retenti on = 

1 

2 

2 

mg/1 
% 

mg/1 
% 

77 

3 

3 



SANITARY ENGINEERING LABORATORY 

School of .Civil Engineering 

Oklahoma State University 

Experiment No. 52 
Type of experiment Suspended Solids 

Type of sample Tep '!atar 
Sample size 1,000 ml. 

Amount of wash-water 200 ml. 

Drying temperature 103 oc 

Drying time l hr. 

Type of membrane filt er AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid conc entra tion (mg/1) 

Mean solid concentration= -

Retention= ........ 

Gooch Crucible Method 

2 

mg/1 

% 

Sample 1 2 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= -­

Retention = -Remarks : 

mg/1 

% 

78 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

53 Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

Tap Water 
500 ml. 

200 mlo 

103 oc. 
1 hro 

AA 

Membrane Filter Method 

Sample 1 

Tare weight plus solids (g) 
/:.. ~t..r:.t.. 

Tare weight (g) 
f., _r:,f.,r:,7 

Weight of solids (g) _n .oom 

Solid concentration (mg/1) 
l'\mi+. 

Mean solid concentration= 
Retention = -

Gooch Cr ucible Method 

2 

mg/1 

% 

Sample 1 2 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentrati on (mg/1) 

Remarks : 

Mean solid concentrat i on= 
Ret enti on = 

mg/1 

% 

79 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

·suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

SOO ml. 
500 mlo 

103: 0 c. 
l hro 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

-
Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 

--

2 

2 

mg/1 

% 

mg/1 

% 

80 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

Experiment No. $$ 
Type of experiment Suspended Solids 
Type of sample 'l!ap Wa~eP 
Sample size 300 ml. 
Amount of wash-water ,oo ml. 
Drying temperature 0 lQ3 C, 

Drying time l hr .. 

Type of membrane filter u 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

0 • .33 

-
Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration = 
Retention = 

1 

-

2 

2 

mg/1 

% 

mg/1 

% 

81 

3 

3 



SANITARY ENGINEERING LABORATORY 
School of Civil Engineering 

Oklahoma State University 

S6 Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Tap Water 
500 ml. 

Amount of wash-water 
Drying temperature 
Drying time 

500 mlo 

l hr. 

Type of membrane filter AA 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

Gooch Crucible Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks : 

Mean solid concentration = 
Retention= 

1 

2 

2 

mg/1 

% 

mg/1 

% 

82 

3 

3 



SANITARY ENGINEERING LABORATORY 
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Oklahoma State University 

Experiment No. 
Type of experiment 
Type of sample 
Sample size 

Suspended Solids 

Amount of wash-water 
Drying temperature 
Drying time 
Type of membrane filter 

200 ml. 
500 mlo 

l OJ 0c. 

Membrane Filter Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Mean solid concentration= 
Retention= 

1 

--
Gooch Cruciole Method 

Sample 

Tare weight plus solids (g) 

Tare weight (g) 

Weight of solids (g) 

Solid concentration (mg/1) 

Remarks: 

Mean solid concentration= 
Retention= 

1 

-

2 

2 

mg/1 

% 

mg/1 

% 

83 

3 

3 
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Candid te tor the De ee or 

ster ot ciene 

The 1s: 

ajor Field: S. nitn ine rin 

ereonal n ta: E-orn in Kbart..">-um, Snd n, ebruary l 7, 1929, the 
son of • and s . Shatik K:mnfli. 

uc tion: .Atta. ra sc ol in aTto , • ud n nd high chool 
in fro , !gypt; gr u ted fro, th Colle"!]' rero in Ciro 
in 19h7; r eeiv d the Dach lor of 5ei .• nce d .r · from the 
Un1v rsit of Kharto in Deeem er, 195h; co-p eted the r 
quir ent,s o! the 1 star of eionce de in Ii ust, 1960. 

Profession 1 experience: ppointed as Assistant !unic1pal inc 
(Pr?ject ) in the Kh rto . unicipality since • re'., 1955, 
worked i various :!'iunleip 1 engineerin~ cti. it.ies includi 
d 1.gn and execution ot buildings, roads, surf' c water 
drainage c s • anointed Oover ants ervi, r uri tho 

nstruction t th ewa e di posal work8 int diate 
pi st tions of t e Kharto ain aina e ~ · em • 


