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SUMMARY 

The purpose of the work was to delermine the applicability of using polyelectrolyte- 
uided-carbon coagulation, upfiow, solids-contact, clarification, and pressure diatomite 
filtration as a pretrcatment for a high-recovery, reverse osmosis (RO) system to treat a 
synthetically prepared Medical Unit, Self-Contained, Transportable (MUST) hospital 
wastewater of time-varying composition. The ultimate goal was direct recycle and reuse 
of the water for all except potable purposes. 

The hospitd wastewater totalling 63 ingredients consisted of five components: 
X-ray, operating, room, laboratory, shower, and kitchen. 

Preliminary chemical pretreatmcnl laboratory studies of composite and specific 
waslewaters were accomplished by jar test analysis. Two powdered carbons and four 
different calionic and anionic polymers were tested. Turbidity reductions of the treated 
waters wen1 excellent, reaching as high as 97%. Total organic carbon (TOC) removals 
averaged about 50% in these jar test experiments. 

Based on these results, a 10,000-gpd pilot plant was tested on a 200-hour basis, 
100 consecutive hours per run. to determine its performance by evaluating the follow- 
ing parameters: TOC; turbidity; pH; chemical oxygen demand (COD); linear alkyl 
sulfonates (LAS): total hardness; total alkalinity: suspended solids: conductivity: silver, 
chromium, zinc; and RO flux and salt rejection. The principles of the system involve 
polyelcctrolytcaided-carbon coagulation, upfiow clarification, diatomaceous earth fil- 
tration, and demineralization by spiral-wound RO. Each component wastewater was 
pumped into an equalization feed tank at programmed times and flow rates before 
treatment, resulting in a composite fcedwater of time-dependent cpiality. Composite 
COD varied from 165 to 1028 mg/1: TOC. from 51 to 195 mg/l,aii(l turbidity, from 5 
to 55 JTU. Waler-quality parameters varied in a regular, predictable manner within a 
period of 24 hours. 

A comparison of chemical pretrcatment performance versus RO performance was 
made. During peak TOC and COD loading periods, the coagulation step accounted for 
a 30% reduction in feedvvaler TOC while the RO unit reduced TOC an additional 44%. 
At the minima of TOC versus operating time, many low -molecular-weight compounds 
can bleed through the cellulose acetate membrane and RO performance diminishes. In 
this case, adsorption-coagulation-filtration removes 60% of the averaged TOC while the 
high-recovery RO unit removes an additional 15% of TOC on the same basis. COD and 
TOC are shown to correlate strongly on a linear basis, and relationships are calculated 
separately for feed, filtrate, and RO permeate. The ratio of COD/TOC, indicative of 
the amount of oxidizable material making up the total organic matter, is presented for 

in 



the wastewater as it progresses through the system. On the average, the ralio decnases 
from 3.8 in the feed to 2.7 after coagulation-filtration, to 1.5 after RO. 

The spiral-wound, high-recovery RO system was operated at an average recovery 
rate of 91.5% with an average feed total dissolved solid? (TÜS) of 893 mg/l. Salt rejec- 
tion properties of the cellulose acetate membrane showed little deterioration over the 
life of the test, varying mostly between 84% and 94%. Flux normally varied from 9.5 
tol6gf2d. 

Brief experiments using KMn04 and ozone showed that chemical oxidation could 
destroy most of the refractory compounds in the RO permeate. 

This report concludes that: 

a. The system comprising polyelectrolyte-aided-carbon coagulation, upflow, 
solids-contact clarification, and pressure diatomite filtration is an acceptable pretreat- 
ment for a high-recovery reverse osmosis unit in treating MUST field hospital wastewater. 
Sparkleen acts as an anti-coagulant, however, and must be omitted from the kitchen 
wastewater. 

b. Dosage» of 1000 mg/l Nuchar A and 100 mg/l Cat-Floe successfully treated 
MUST wastewater in the pilot plant unit. 

c. A reverse osmosis unit equipped with spiral-wound membrane modules re- 
covered greater than 90% of the pretrcated feedwater. 

d. The Wastewater Reclamation Unit combined with the RO unit can achieve 
reductions in average turbidity from approximately 30 JTL to 0.3 jTU. average TOC 
from over 100 mg/l to 25 mg/l, and average COD from 445 mg/l to about 50. 



PREFACE 

This work was partially funded by the U. S. Army Medical Research und Develop- 
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STUDIES ON MUST FIE J) HOSPITAL WASTEWATER TREATMENT 

f 
I. INTRODUCTION 

1.     Background. There is a need to obtain data relatiu1 to treating Medical Unit, 
Self-Contained, Transportable (MUST) field hospital wastewalcrs with the ultimate 
goal of direct recycle and reuse for all except potable purposes. A rec\ cle system has 
the advantages of not only providing for improved pollution abatement but enhanced 
operational flexibility both in the field and at fixed installations. A previous study indi- 
cated that further work was necessary to properly treat MUST watei;.1 

This study was jointly funded by the U.S. Ann) Medical Research and De- 
velopment Command and the U.S. Army Mobility Equipment Research and Develop- 
ment Center (MERDC). The purpose of the work was to determine if a polyelectrolv te- 
aided-carbon coagulation scheme coupled with a modified standard Army Water Purifi- 
cation Unit and a high-recovery, reverse osmosis system could he utilized to effectively 
treat a hospital-type wastewater of time-vaiying composition. 

More specifically, both laboratorj studies and field work have been carried 
out in response to a two-fold objective: (1) to determine optimum pretreatment of 
varying composition MUST hospital wastevvaters for subsequent application to a reverse 
osmosis (RO) system, and (2) evaluation of a 420 gallon per hour (gph), spiral-vvouiul 
RO unit for recovering up to 90^ of the pretreated wastewater volume. 

The program consisted of the follovviiiji phases: 

a. Preliminary chemical pretreatment laboratory studies of composite and 
specific synthetic MIST hospital wastevvaters by jar lest anal; sis. Powdered, activated 
carbon and cationic and anionic polymers were used to evaluate the coagulation process. 
Total organic carbon (TOC)and turbidity of raw and treated water were the main param- 
eters used to judge the effectiveness of the differing doses of carbon and polv nier. 

b. Test and evaluation of the optimum treatment (based on the jaboratorv 
study) utilizing a 420-gph clarification unit on synthetically prepared, composite Ml ST 
hospital wastewater. 

c. Filtration tests of the effluent from the 420-gph clarification unit using 
diatomite filiation. Criteria for evaluation of filter performance were clarity of effluent 

A. Gouveia. and K.A.ll. Hooton, "Potable Water from Hospital Wastes In Keverse Oanohii-.'" CE.l'. Symposium 
Series, 64, No. 9(1, pp. 280-284, 1968. 



and fillrahility of water dt'trrmined by measuring quaatity of water filtered per unit of 
pressure differential. 

d.     Test and evaluation of spiral-wound RO modules for de mineralizing 
composite MUST wastewater which has been pretreated by clarification with subsequent 
filtration. The 420-gph clarification unit was employed to integrate the RO unit into a 
total system. The spiral-wound RO unit was fabricated to provide up to 90% recovery. 

The five component waters were X-ray, laboratory, kitchen, operating room, 
and shower. The chemical makeup of the MUST wastewater appears in Appendix A. 

II. LABORATORY INVESTIGATION 

2.     Adsorption-Coagulation Jar Tests. Laboratory jar testing of specific and 
composite MUST wastewater samples was undertaken to help evaluate the applicability 
of using the carbon-polymer process for wastewater treatment. Varying dosages of car- 
bon and polyelectrolyte in jar tests can furnish only general information for scale-up 
purpose« due to differing fluid dynamics involved. This series of tests was carried out 
with the specific goal of determining which types of carbon and polymer should be 
further investigated, the nature of the resulting floe, and effective dosage ranges. By 
considering the relationship between the configuration of the Wastewater Reclamation 
Unit (WVVRU) and the simple jar test setup, one could estimate potentially effective 
carbon-polymer concentrations for field testing from laboratory work. It was also 
hoped that any serious barriers to the viability of this coagulation process could be iso- 
lated and overcome in the laboratory. 

TOC and lurhidity removals were used as criteria of effectiveness for this 
process.  Initially, each synthetu: component wastewater was treated separately . This 
was done to pinpoint potential problems associated with any specific snhslanee or group 
of -nhstaiiee? euntrilmtitvg In the composite water. 

\lso. since the MUST water composition is a function of time, composite 
-ampli - were prepared li\ selecting a specific instance of time on the mass diagram 
-elicdule and miving the component waters in the appropriate proportions. The result- 
ing mixture was designated hy ■■composite" followed by the appropriate time index in 
minutes.  Individual jar test results are tabulated in Appendix IJ. 

For each ad-nrplion-coa^nlation jar tot. 500 ml of s\ nthelic MUST water 
was placed in a lOOOini heaker and mixed with a Phipps and Bird gan^ stirrer at low 
speed.   Ilydrodareo C or Nnehar A powdered, activated carbon was added to the beakers. 
\s the stirrer speed was increased to about ^O rptn. the polymer was added. The stirrer 

speed was held at ')() rpm for a l-miniile mix lime and then decreased to M) rpm for a 

■■*■■-*■"- ■triiihiiiull 



rion.'iilatiori time of 60 minutes. The flocculated samples were allowed to settle for 15 
minutes. About 30 ml of the supernatant was then pipetted from near the middle of 
the beaker, approximately one-half inch below the surface of the liquid, for analysis. 

In some cases, a second coagulant was added to the beakers midway through 
the flocculation period to improve turbidity or floe appearance. This occasionally led 
to marginally better results than cited in Table 1 but was not stressed due to the intro- 
duction of complexities for field application. 

The general results of nearly 300 jar tests are summarized in Table 1. (Kitchen 
wastewater treatment will be discussed more fully later.) Of the organic coagulants 
tested-Cal-Floc, Atlasep 1A1, 2A2, and 105C-Cat-Floc was found to be the single 
most effective poly electrolyte and Nuchar A the better powdered, activated carbon 
based on TOC and turbidity removals. The candidate chemicals were chosen from pre- 
vious experience in treating other wastewaters. 

As shown in Table 1, the optimum dosage of Nuchar A is 2000 mg/1 for the 
four treated specific wastewaters as well as for composite 1440. For X-ray, operating 
room, shower, and composite 1440, optimum Cat-Floe dosages ranging from 1 to 50 
mg/1 were established. Due to the low pH of the laboratory waste, 0.5 mg/1 of the 
moderately cationic Atlasep 1050 was optimum. 

Turbidity reductions of the treated waters were excellent, ranging from 80% 
for operating room wastewater to 97% for shower and X-ray waters. TOC reductions 
ranged from 16% for X-ray to 63% for composite 1440. Although the TOC reduction 
tor X-ray water was poor, this component waste represents only 3.3% by volume of the 
overall composite water. 

Table 2 shows the characteristic? of the component waters and the overall 
composite 144U. Table 3 gives the range of dosages utilized in the jar tests for each 
chemical, while Table 4 presents some general properties of the powdered, activated 
carbons.  Selection of polymer types and dosages shown in Table 3 could be correlated 
generullv with tiie pH of the water. 

It was apparent from this phase of the jar testing that the kitchen wastewater 
should be more thoroughly investigated and also that other composite samples should 
be examined due to their widely varying characteristics as a function of time. In addi- 
tion, there was evidence of difficulty in eoagulalin» freshly prepared composites con- 
taining kitchen waste in almost any proportions,  first, simple artificial composites 
were prepared without kitchen or operating room wastes.  Upon successful Irealmenl. 
a I-part composite was made without kitchen water. Then, increasing dosaircs of 
kitchen water were added to the ."-pail formula for the composite 1440 until treatment 
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Talilt- 2. MUST WaHtewutcr Characlcrintiiw 

(iompoHitr 
1440 Laboratory 

Opwatin«! 
Room X-Ray Slid wer Kitchen 

Turbidity, JTU 37 18 2.0 83 75 120 

pH 7.0 2.0 9.8 7.6 7.0 9.3 

Conductivity, micromhos/cm 1625 9100 1600 8000 ,'{20 2600 

Linear Alkylate Sulfonate 95 12.0 42.0 7.6 0.6 500 

Total Hardness (CaC03) 84 72 40 688 62 62 

Total Alkalinity (CaCOa) 118 4 392 1144 6 530 

Total Carbon 212 273 148 142.", 117 690 

Inorganic Carbon 8 27 42 28 f) 79 

Total Organic Carbon 204 246 106 1397 111 611 

COD 746 499 301 6563 380 2780 

Suspended Solids 66 11 o 76 125 514 

NOTE; Units in mg/l unless noted otherwise. 

Table 3. Ra-.^e of Dosages Used in MUST Wastewatcr Jar Testing 

Carbon Cat-Floc * 
Atlasep* 

Wastewater Type 105C 1A1 2A2 

Composite 1000-3000 1-250 - 2-5 - 

Shower 500-2000 1-50 1-50 2 - 

Operating Room 50-2000 1-175 - 1-150 - 

Kitchen 500-4000 1-400 25 25-40 - 

Lab 1000 2000 0.25-1.0 0.05100 0.25-1.0 0.25 

X-Ray 1000-2000 1-150 1-10 2 - 

NOTE:  All values in tng/1. 

"Polymer Ionic Character 

Cat-Floe (".at ionic Oiar(;i' 

Atlascp lOSC Modcral c Cationic Charge 

AllaM-plAl Weak Anionic Charge 

Atlasep2A2 Woak-M« »dcmli' Amonic Uiar tic 



Talile 4. Properties of Powdered Carhons 

Origin 

llydrodarco C 

Lipnile 

IN uchar A 
Wood 

Particle Size. 
%-lO0 Mesh - m 
%-300 Mesh 65 90 

Apparent Density, lb/ft3 30.8 15.2 

Surface Area, m2/g 550 754 

Molasses Value 95 80 

Wettability Superior (»ood 

was accomplished. 

In order to establish the constituent in the kitchen water which was chiefly 
responsible for the anti-coagulation action, samples of this wastewater with varying 
amounts of detergent and Sparkleen were tested. Only samples without Sparkleen 
could be treated. Kitchen waste with only 25% of the required dosage of Sparkleen 
could not be effectively coagulated. 

Further work with selected time composites indicated that 2000 mg/1 Nuchar 
A and from 25 to 100 mg/1 Cat-Floe were optimum. Four exemplary time composites 
were used: 480, 800, 1200, and 1440 minutes from system start-up. The samples were 
prepared without Sparkleen. Turbidities were reduced by about 80% and TOC, by 
nearly 50%. When Sparkleen was added to the 800-minute composite, the Cat-Floe 
dosage had to be increased from 25 mg/1 to 100 mg/l to attain comparable treatment. 
Since the 800-minute composite contained only 19% kitchen water, this showed a ven 
sensitive dependence of polymer dosage on Sparkleen content. 

Results of Ihe jar testing indicated that Nuchar A was the superior carbon 
based on turbidity and TOC removal. The only foreseeable difficulty in using this car- 
bon was its comparatively inferior wet lability. Cat-Floe polymer was chosen as the 
more generally applicable coagulant for the MUST water. Two possible operational 
problems in scale-up included the relatively inferior wettability of the Nuchar A and 
extreme coagulant sensitivity to Sparkleen dosage. 

111. SYSTEM OPERATION 

3.     Description. The principles of the system involve polyelntroh tc aided- 
carbon coagulation, upl'low. solids-contact clarification, diatomaceous earth filtration. 
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\-Kiiy:  Discliiirn»' of 42 «ipli from (WOO lo 1700 hours. 

Kilclicti:   Row rule of 160 fjpli during the following times: 0000 to 1000, 

I 200 to 1400, 1700 to I •«)(). and 2:500 to 2400 hours. 

Shower:   How rale of 1000 gph at 0500 to 0730, 1600 to 1900, and 2315 to 

2400 hours. 

The mass diagram appears in I'ignre 4. Cumulative volumes for each consti- 

tuenl are as follows: 

(iotiMiluent 

Operating Room 

Kili'hen 

Lahoraton 

\-Ha> 

Shower 

Daily Volume (gallons) 

2640 

1176 

040 

336 

5000 

TOTAI, 10.000 

The field s\ stein was tested on a 200 hour hasis. KM) eonseeulive hours |»er 

run. lo de (ermine its (»erformanee h\ evaluating the lollowing parameters:  TOC: Inr- 

hidil) : |ill: COD: I, \S: lolal hardnos: tola! alkalinitv : suspended solids: eondiietivily: 

silver, ehromium. /.ine: and liO HIIN and salt rejeetion. Soluhle metals were determiued 

liv  I'W Vi. \ Melhod.-.' while oilier routine analyses were eondueled as deserihed in 

Standard Methods.4 

Oral) samples were eolleeled for analysis at speeified times from the five 

eomporu-nt sonree tanks as well as from the equalization tank, the filtrate tank, and 

the HO produet tank. 

\ eomputer modi I of the flow seheme into and out of the eqnali/.atioii tank 

has heen formulated in order to si/e the lank prn|»erly.  The detailed n'port eoneerning 

this model will It«1 given at a later date, hut the eomhisions in« hide the reeommeiuiaiion 

of a 3000-galloii eipudi/atioii tank. 

•jAM'CA Wthixtslor Clnniiial AiiaUnis.il WaUraml Waslrs." I .S. |)i|il. of Inhrior. KWI'CA llaiskmol Wahr 
Oualih UiM'ardi. Cinrinnali. Oliio. Nov. !%'>. 

I  .. Slamlanl Milliod« lor Ihr Kxainiiialiiin nl Water and WaNli-ualcr.'' IKlh I'd.. Aiiuriraii i'lihljc licallli \>*ti\ 

In... I'lTI. 
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Figure 4. Mass diagram of five source hospital wastewater 
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3.     Rpiult«. 

a, General. I'ol) HUT ami larlmn ilosugcs were ^■ntriillv fi\t<l hclort: llu■ 
field tests wt-re begun. The laboratory jar tcsliuf«esUvblislicd that the licld list dosup ,- 
required would probabl) be in the ranges of 600 to 1000 m^/1 Nuehar A and öO to 100 
mg/1 Cat-FIoc. Approximaiely 1000 mg/l Nurhar A and 100 ni^/1 Cal-Kloe were used 
in the WWRL' during most of the operating time to adjust for eunlinuous-flow operation, 
jar testing had also indicated that two operational problem areas would be carboii 
wettability and the anticoagulation properties of Sparklee», Moth of lliesr problems 
did, in f;.rt. occur. The screw-type, dry carbon feeder installed in the unit was replaced 
with ü f lurry feeder after clogging difficulties were experienced on the second day. 
Also, during the first week of runs, Sparkleen in the kitchen water caused the WWRL 
to malfunction, thus causing extremely short filter runs (Table 5). \\ lien the Sparkleen 
was eliminated from the kitchen wastewatcr. the system performed extremely well 
(Table 5. day 3). Even 25% of the recommended dosage of Sparkleen prevented effec- 
tive coagulation (Table 6. day 6). Filter runs as long as 14 liour.- and 20 minutes were 
noted without Sparkleen. Se\eral other runs were terminated prematurely because the 
sludge concentrator had not been properly drained on day l).  All filter runs for both 
weeks averaged approximately 73 gallons of effluent per psi of filter pressure, or over 
3600 gallons of treated water before backwashing at 50 psi. This is shown in Table 7. 

During the second week of operation, careful attention was paid to a 
breakdown of treated wastewatcr filter effluent versus unrecovered waste stream-. 
During this week, total filter effluent amounted to 36,398 gallons or 91.6?r of the 
wastewater influent. Of the remaining; 3343 gallon.« of waste. 20R9 gallons or 62.5^ 
were by-passed during filter backwash and could easily have been recycled to the equal- 
ization tank;and 1254 gallons of waste (3% of the total wastewater influent) were 
accounted for in the sludge concentrator waste and filter blow dow n.  A large proportion 
of this waste could be recycled into the WWRl' mix tank, thereby recovering more 
water and also more effectively utilizing the carbon.   Vlthough recycle wa.- not employed 
this concept represents an area for future investigation. 

Tables 8 through 11 summarize the -\«IIIII wash water (haracleristio. 
Tables 8 and 9 show the degree of treatment achieved each week of the field test while 
Tables 10 ami 11 illustrate the same parameters for the contributor) wa-tewaters. 

b. Evaluation of Parameters: TOG and COD. I"igiire> 5. 6. 7. and 8 clearly 
«how the TOC and COD removals under the dv namii loading of the fivi-Mdiree Ml ST 
water.  During the peak TOG and COD loading periods, the adsorption-eoagulation- 
filtration steps ri-moNe a sizable percentag" of the eoiitaminaiil> on the a\eriigi . but 
further trealmenl [«obviously required. WWRl 'll'lnent contain« alioiil % nig/I TOC 
averaged over five peak.« versu.' 140 nig/l TOC in the Iced al llie.-r m.ixim.i.   This is 

13 
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Table 7. MUST Wastewater Treatment: Daily Operatinji Filter Data 

Filter Effluent Filter Cycle Pressurr Total Gallons Gallons 

Day (gph) (hnmin) (psi) (pph x lime) (per psi) 

Run 1 

3 330 1:50 50 660 12.08 
0:40 50 220 4.4 
0:35 50 192 3.85 

10:27 52 3465 66.63 

326 12:08 40 3912 79.83 

4 322 5:05 50 1610 32.2 
0:55 56 322 5.75 
0:15 50 80 1.61 
0:23 50 123 2.47 

356 1:20 49 473 U.66 

5 391 13:35 50 527M 104.40 
5:20 15 2084 

Average:  76gal/psi 

1 38.93 

Run 2 

6 299 0:45 50 224 4.48 
0:50 50 249 AM 

12:00 50 3588 71.76 

7 376 3:30 50 1316 26.32 
7:12 52 2707 52.06 

■ 14:20 50 5388 107.76 

8 405 7:55 52 3240 62.31 
11:54 50 4860 97.2 

9 376 8:30 50 3196 63.92 
8:32 42 3196 76.09 
5:07 50 1880 37.6 

10 387 8:25 50 1354 65.79 

2:25 10 967 

A wrap':  70gal/psi 

96.75 

16 



mmmm 9^m 

Table 8. Summary of Waslewater Characteristics 
(15 Apr- 19 Apr) 

Equalization 
Tank 

1^ 
T 

»duct 
ank 

RO Product 
Tank 

Characteristics Average Range Average Range Average Range 

Turbidity, JTU 25.6 .5-55 1.5 .2-4.8 9 .07.6 

pH 8.9 8.2-9.5 8.3 4.2-9.2 5.3 2.9-8.7 

LAS 39 6-108 1.74 1-40 - - 

Total Hardness 71.3 44120 60.2 32-122 56 56 

Total Alkalinity 330 50-520 289 178-420 - — 

COD 422 206-1028 173 44-326 55 32-92 

TOC 95.8 51 180 54 17112 25 (>.47 

Suspended Solids 39 1-61 9.6 0-29 - — 

Conductivity, 
micromhos/cm 

1022 480-2200 940 96-1390 274 64-1050 

Silver .533 .01-2.18 .24 0-1.15 .004 0-.07 

Chromium .09 .03-.32 .08 .03.17 .02 .01-.03 

Zinc .189 .045.756 .126 .028.945 .056 .009.129 

NOTE: AUunitsmg/l. xcept as noted. 

Table 9. Summary of Wastewater Cliaraeteristics 
(29 Apr - 3 May) 

Equa ization Pro duct ROPr oduet 
Tank T ank Ti ink 

Characteristics Average Range Average Range Average Range 

Turbidity, JTU 33 13-55 1.8 .87-3.2 .42 .07-1.9 

PH 8.6 7.1-9.3 8.4 3.7-9.1 6.3 3.7-8.0 

LAS 178 12-2400 .5 .1-3.0 - — 

Total Hardness 58 46-76 46 24-56 - — 

Total Alkalinity 322 115-530 290 135-480 - — 

COD 467 165-988 179 39-391 47 15-291 

TOC 119 66-195 57 24-110 25 14-45 

Suspended Solids 48 30-108 11 1-28 

Conductivity, 992 410-2700 852 550-1330 148 78-310 
mieromhos/cm 

Silver .006 0-.06 .004 0-.03 0 0 

Chromium .10 .01.24 .06 0.17 .02 0..05 

Zinc .07 .018- 430 .224 .044.546 .02 0.081 
NOTE:  All units mp/l «'xrept a> nolcd. 
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Figure 5. MUST field hospital wastewater treatment:  total organic carbon versus time (week 1). 
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Figure 6. MUST field hospital wastewater treatment: total organic carbon versus time (week 2). 
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approximately a 32/r reduction of feedwater TOC. The n-vcrsc" osmosis unit rejects 
the higher molecular weight componeuls (> 200) remaining in the partially treated 
water, giving an average 36 mg/1 TUC for the five maxima. This yields an average 74% 
overall TOC removal at these five maxima points based on the feedwater and 63% re- 
duction of TOC based on the WWRU filtrate. 

At the minima (composite contains a preponderance of shower water), 
a relatively low concentration of high-molecular-weight compounds exists and RO per- 
formance diminishes.  Many low-molecular-weight compounds can "bleed" through the 
membrane. In this case, the WWRL' accounts for over 60% TOC removal based on the 
feedwater composition, while the RO unit removes an additional 15% of TOC on the 
same basis. In contrast, the RO unit performance at the maxima accounted for an 
average 44% of TOC reduction. 

As expected, the COD graph * orresponds qualitatively to the TOC versus 
time graph. The COD maximum of the KO permeate for week 2 is 65. For most of this 
run, however, the COD wai- below 50, representing a substantial reduction from the feed 
COD maxima of 620-T85. The average and range of COD minima and maxima are tabu- 
lated in Table 1 2. A review of the data shows that al the higher feed COD's, the reverse 
osmosis step removes proportionally more COD than the adsorption-coagulationfillra- 
tion step. At the mini ma. RO system performance is somewhat diminished for the same 
reasons discussed previously. 

The COD data for week I is not as consistent or informative as for week 
2 because the kitchen feedwater was varied in order to ascertain the reason for coagula- 
tion difficulties. 

The relationship between COD and TOC is plotted in Figure 9. The 
linear correlation coefficient, r, was computed for the COD-TOC data for feed, filtrate, 
and KO permeate lor the 2 weeks (separately and combined). This coefficient measures 
the linear relation.-hip between the two variables. The results are tabulated in Table 13. 
The square of the correlation coefficient is a measure of the percentage of the variance 
in the dependent variable that is accounted for by correlation. Thus, the data show that 
the correlation aceuunts for o\er öO/r of the variance in COD for these waters. COD 
and TOC are not perfectly correlatable because they do not measure exactly the same 
substance^.  COD fail> to detect main straight chain aliphatic and aromatic hydrocar- 
bons,5 while TOC doe? not measure oxidi/able inorganics and organic nitrogen detect- 
able by COD. Since COD is an oxygen-demanding parameter and TOC is an index of 
the organic carbon in the water, the ratio of COD to TOC is an indication of the amount 

1  |, /..ijl«:, (I spank, and \. Slnzic. "HOD atul COI» Vnalyn'sofi faraflinic lI\droi-arl«)iis.'.I.A.W.W.A . ()2; 
IJltec. 1070, pp. :a4-78.'S. 
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Table 12. Range of Values for TOC and COD 

TOC COD 

Range Average Range Average 

Week 1 

Minima 

Feed 51-63 58 206-412 266 
Filtrate 17-28 23 44-B6 67 
RO Permeate 14 14 32 32 

Maxima 

Feed 105-117 111 475-884 614 
Filtrate 72-110 91 286-326 308 
RO Permeate 32-47 40 92 92 

We.'k2 

Minima 

Feed 66-79 72 165-245 105 
Filtrate 24-27 26 40-65 50 
RO Permeate 14-20 17 10-15 13 

Maxima 

Feed 150-177 160 620-785 708 
Filtrate 86-110 99 270-300 345 
RO Permeate 31-39 34 50-65 58 

Table 13. Relationship Between COD an d TOC for MUSTW alers 

Number of Correlation 
Wiislewater Type Points ( Correlation Coefficient 

Feed _ Week 1 28 COD: :4.04T()(:+11.2 0.87 
Feed - Week 1 29 COD: :6.06T()( :-248 0.02 
Combined Feed 57 COD: =4.95TO( .-96.8 0.80 

Filtrate - Week 1 26 COD: :3.1IT()( ;+3.66 0.06 
Filtrate - Week 2 24 COD: :3.92TO( ;-53.9 0.07 
Combined Filtrate 50 COD: =3.54TO( :-25.5 0.06 

RO Permeate - Wee k2             22 COD: :1.60TO( ;-3.03 0.74 

24 
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Figure 9. MUST wastewaters: chemical oxygen demand versus total organic carbon. 
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of uxidi/.ablc material niakiii^ up the total organic.' matlrr in the water. This ratio is 

referred to as ''oxidation stale" of the orjianics by Esmond and Wolf.6  COD/TOC is 

plotted versus lime for each week with feed, filtrate, and RO permeate as parameters 

(Figures 10 and 11), For week 1, the maximum feed COD to TOC ratio is 5.1 corre- 
sponding to the time before shower wastewuter begins pumping into the system. The 
kitchen, lab, and X-ray water.» predominate at this point. The minima in the feed 

correspond It) a predominance of shower waters. The average feed COD to TOC ratio 
is 4.2. The filtrate COD/TOC generally shows a moderate level of reduction for week 1 
with an average of 3.2. RO data are not extensive enough to plot for week I. Week 2 

data show an average feed COD/TOC of .18. Filtrate and RO averages are 2.7 and 1.5 

respectively, givinji an overall indication of treatment success based on an average index 
of the "oxidation stale'" of the organic carbon present. 

An interesting comparison of process variables can be made by computing 
the ratio of COD of the process water at a specified point in the system compared with 

the original TOC present.  Residts taken from the smoothed data for week 2 are shown 
in Table 14. The figures illustrate a dramatic decline in comparative "oxidative stale" 

of the organics. The COD data are adjusted for retention time in the system for a more 

meaningful comparison with the feed TOC. 

c.      Reverse Osmosis.  Figures 12 and I 3 show the membrane flux and salt 
rejectioti versus operating lime for the reverse osmosis section. The unit was operated 

at an average recover) rale of (M.5^ with an average feed TDS of 893 mg/1. The most 

significant period of dei liri" in both flux and salt rejection occurs between 55 and 73 

hours of operating time.  During this interval, tt.e membrane riushuig was not executed 

properly since the teed pre.-,<ure was not sufficiently reduced. Solids buildup caused by 
concentration [udurization look place at the membrane interface thus leading to a pre- 
cipitous drop in bolh flux and rejection.  As soon as flushing became more frequent and 
thortiugli (2riiinut( Hush euch hour), sail rcjcclion properlies of the membrane were 

restored to a large « xleiil.  Tlii> show.« that the constant threat of membrane fouling at 

high recovm can he sulistantialh oscnumc by proper flushing. 

V- a preeautiunan measure, the membranes were cleaned several times 
during the second ivcek's run.  The biillVrcil cleaning solution contained a quaternary 
ammonium compound, phosphoric acid, and a cleaning agent. The solution was recir- 

culated for 10 minules and replaced b\ a tap water rinse for an additional 10 minutes. 
Tiiis occurred at 80. 104. and 128 hours on the operating time chart.  It is not apparent 

thai these Irealmcnt- had aii\ eli'eel on flux or sail rejection. 

6 S. V.. Ksmoml. and II. W . Wolf. " I'hr Status ol Oruanio . . 
I'niv. Illinois. Frh. I•)"(. p|). '»1-90. 

." I'rodciiiiitisof tlic ISlh WaliT Oiialih Omfrmtci'. 
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Tinr 
(hr) 

Talilf 14. Com pari sun of COD in Ihr System to Original TOC 
(Week 2) 

^K.6 COD, iiltrit<'>2 COD H0i2 

W^A TOC,...,., TOC,   . 

4.6." 2.18 1.69 
4.25 .96 .27 
3.05 .77 .26 
2.72 7° .50 
4.17 1.27 .43 
4.28 1.71 .39 
3.ÜB 1.50 .35 
3.00 .89 .32 
2.78 1.11 .21 
4.41 1.84 .21 
5.12 1.68 .40 
4.72 1.11 .22 
3.72 .81 .13 
4.66 1.64 .14 
5.07 1.82 .22 
3.65 1.47 .38 
3.10 1.39 .46 
2.47 .95 .45 
3.19 1.13 .32 

0 
11 
l(f 
21 
26 
31 
36 
41 
46 
51 
56 
61 
66 
71 
76 
81 
86 
91 
96 

NOTE: +2 indicatf» that the Filtrate and RO reeding« were taken 2 hourt later than the operating time indicated 

for the feed readings. 

In general, the salt-rejection properties of the membrane showed little 
deterioration over the life of the test. During the last several days of experimentation, 
salt rejection hit a low of 79% at one point hut was above 84% for a majority of the 
last 65 hours of operation. The data compare favorably with the 86 to 94% rejection 
rates exhibited in tile first 45 hours. 

The flux data show a more erratic and less dramatic recovery after the 
2-minutt' flushes were begun. During the initial 45 hours, flux was between 14 and 16 
<rf2d. After the recovery from poor flushing (73 hours operating time), flux slowly 
trended upward, van ins between approximately 9.5 and 14.5 gf2d. 

d. Refractory Compounds. Some cursor) work was done to investigate 
the efl'ecl of oxidation on the refractory compounds in the RO permeate. Potassium 
permanganale and also o/une were utilized to treat the permeate. Concentrations of 

27 
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KMn04 were varied from 250 mg/1 to 2000 mg/l in Ihv. jiir tests. A mix lirnr ol 30 
minutes at 30 rpm on a gang stirrer was emplüvcd. Thirteen separate R() pi'rmeate 
samples from the second week were combined to create a eomposite test .-ululion. 
^pon treatment, only the samples containing 1500 and 2000 mg/l KMii04 showed a 
8:ti.iificant TOC reduction. COD determinations were niadc for these two samples, 
yiel.'ing a reading of zero in each case. No TOC in the 2000 mg/l K.M11O4 sample was 
detected. 

A brief ozonation experiment was carried out in a well-stirred batch 
reactor at 50oC using ultraviolet light as a cataljol.7  The results show a marked initial 
reduction in TOC followed by its gradual rise (Table 15). Even after a long contact 
time, a good deal of refractory material remains. Complete oxidation of the organics 
to carbon dioxide and water was not approached. This indicates some of the difficulties 
inherent in achieving complete reuse of the water. 

Table 15. Ozonation of Reverse Osmo.-is Permeat« 

Time 
(min) 

TOC 
(mg/l) 

O3 

(mg/l) nil 

0 
60 

120 
240 
480 

27.1 
4.7 
9.3 
9.6 

11.4 43.0 

7.40 
4.50 
7.45 
7.40 
7.20 

NOTE: No data. 

A determination of the quantity and nature of organic contaminants in 
the RO permeate was attempted by a subcontrai lor.8  The study indicated that no sig- 
nificant levels of low-molecular-weight organic compouruis could be detected.  Another 
such study, however, is being conducted by the I .S. Arm\ Hiomedieal Research and 
Development Laboratories to be completed soon,  hi general, one would expect the 
TOC of the RO permeate to consist of a relatively hijjh amount of lou molecular weicht 
compounds.9  Table 16 is a partial compilation of orjianic compounds which an com- 
monly found in wastes from hospital sources.  The list, prepared b) K. Chian. I niversitv 
of Illinois, indicates that there are many very soluble organics which are of suiTicienth 
low molecular weight to pose a difficult rejection problem lor high-reeover\ HO. 

Houston Research, liu-.. Wivalc Cornmunicalion loj. \ lahakis, Juh. FJTI. 

Ilazleton l-aboralorii's. Private Coiumunication lo I SAMKUIir.. Furl lii-lvou. Virginia..Intw. 1071 

L. H. Reuter, "The Oecurremr. Sicnil'ieanee, anil ( onlrol ul Ortanie- in Dncel Wa>leuater lieiw S\sleins.' 
Paper pre*piitei) at 15th WatiT <,tualit) Confereiiee. I mv. Illinois IVh.. I'lTI. 
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Table 16. Organic Compounds Commonly Occurring in Hospital Wastewater 
(from L. H. Reuter) 

Compounds MW Solubility Toxicity Sources 

(1) Alcohols 

Methyl - 32 oo 3 Solvent 

Ethyl - 46 oo 2 Solvent 

Iso-propyl — 60 00 3 Rubbiiif: alcohol 

Butyl - 74 s 3 Solvent 

Amyl — 88 i 3 Solvent 

(2) Acids 

Hydrocyanic (HCN) 27 oo 6 \letul polish, inscclicide. rotenticide 
fungkide 

Cyanic (HOCN) 43 s 3 Insectk.'de, rotenticide 

HC00I1 46 oo Disinfectant 

Acetic 60 oo Disinfectant, stojt-bai'« 

Oxalic 90 s 4 Bleacii, metal cleaner 

Tactic 74 oo 

Stearic 285 i 1 Basic inpedient of cream and lotion 

Critic 176 

(3) Aromatic Compounds 

Benzene 78 6 4 Solvent 
Toluene 92 i 4 Solvent 

Xylcne 106 i 4 Solvent 

Anilene 93 s 4 Soiv cut 

Phenol 94 H I Dkinfcctant 

Cresol 108 6 4 1 )i>iiift'ctaijl 

DDT 350 4 IMMC li('i(|c'. rotiiiticiilr 

4-nilrophpiiol 130 l.6)j/100rf: 4 Fungicide 

2-1 dinitrophenol 184 O.6j£/I00ce 1 1 iniiiicidc 

ll)droquinone 110 s \ I'liolo developer 

Alkyl benzene sulfonate Ludest class ot anionir surlacUint 

Naphthalene 128 i Dcodori/.iT 

p-di-CI-benzene 147 i 3 Moth ball, inscclicidul lumi^ant 

Monomethyl-P-amino 4 I'liolo developer 

I'henol Sulfate (FJon) 

Hexachlorophene 6 Disinfectant 

(4) Miscellaneous Solvents 

cciA 154 i 4 

cs2 76 si 3 

Acetone 58 oo 3 
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Tablt- 16. Organic (impounds Commonly Occurring in HitspilHl Waelcwali-r (ContV.) 
(from I,. II. Reuter) 

Compounds MW Solubility Toxicity Sources 

(.'>) Others 

Methyl thiocy anate 73 6 Pesticide, insecticide 
Kthyl thiocyanate H7 Pesticide, insecticide 
1-propvi thiocvanate 101 Pesticide, insecticide 
BHC 290 4 Pesticide, insecticide 
QAC 3-4 Pesticide, insecticide, disinfeclant 
DEET Insect repellent 
Na dicthyl barbiturate 184 6 Sedative, hypnotic agent 
\a2C204 (oxadate) 134 3.7g/100cc 4 Bleach, metal cleaner 
Formaldehyde 30 s 3.4 Deodorizer, fumigant, photo-laq- 

hardener 
Irea 60 vs Oss pool 
( lihirolorin 119 5 3 Anesthetics, liniment 
Etl.tr 74 8 3 Anesthetics, liniment 
AlkvUilfatc Surlaetant 
2-ti'r[iiiifal 154 6 3 Pine oil, disinfectant, floor cleaner 
(i-sorliilal (70%) 182 8 Hand lotion 
CrlvLfrsol 92 oo 1 Shampoo 

IjEgend 
Toxicily; 

Solubility: 

1-6(6 being hlglily toxit) 

<» - all propurlion 
s ■ soluble (or vs, ven soluble) 
i - insoluble 
si - slightly solulik 
6 - trarc 

Specifically, cumpounds like acetic acid and cliianol arc rcf.rcscnlaliNc 
of organic substance?; which |»a.->fi throiifrh RO tncinhrancs. Wc havi" siipjiortcd research 

(1 i^nre-- 14 and lö) which shows the effect of »'/one and ultraviolel lifrhl on the degra- 

dation of each of these oiiMiiics in a liatch reactor al approxitnatci) ,'{()0(',.10  ()/.onc 
will) idlraviolcl lijihl (0.4 walt/1) totally oxidized 100 tn^/1 acetic acid in 4 hours: 
vshercas. ozone alone was ntiahle to oxidize the acetic acid in 10 hours. O/.onalion of 

100 m(l/l elhanoi solnlion withoul I'V showed that the TOC decreases ven slowly, 
while the cthaiiol coiieenlration decreases comparatixcly quickh. This i> due to llic 
formation of inlermcdiate oxidation products bet ween the initial compound of elhanoi 
and (lie final oxidation products of earhon dioxide and water. As lite oxidation lakes 
place, a scries of eonseciilive reactions occurs until complete oxidation is accomplished. 

The cfleet of ultraviolel li^ht in tins ea-e is to sukslanlially increase Ihc reaction rales 

C. I.   IICVM.>, el ai. "0\ ill.11 ion of l!i I melon Orjiiitnr Miilirial^ li\ (t/mic- und rili,niiil( I Lißlil."' Houslmi Id- 
seareh. Im., final Keporl lo I SAMKKIX,. NOVITIIIHT, 197t. 
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of tlu' partial oxidation species rcmuiiiinji in solution u liilc luivinj: iu> ii|i|uiiviil ('(feel 
on the cthanol depletion. Thif ibcvidcncfd li\ i\ more ,il>ni|il ilfrrraM- in T()(I. 

As mi^lit be expected, then, cataly/cd ozotuilioii of i-|ifi il'ii . •iiiifil«' 
organic» in distilled wat<T is a simpler task than treating a tuivlure uf ■.iifh toni|)uunil> 
in solution. 

IV.  DISCUSSION 

6.     General. The field experiments showed that wide variation- in raw-water 
quality could be treated by the system without changes in the carhon-poh mer dosajjes. 
A key element in the treatment scheme was the use ol an equalization lank to help 
dampen the fluctuation.« in water quality. Our results showed that as the water quality 
values for TOC and COD rose sharply as a function of time, the performance of the 
carbon-polymer treatment diminished relative to the reverse osmosis unit. If the water 
quality parameters had not been reduced to reasonable levels by the equalization tank, 
the reverse osmosis unit would have been required to remove most of the dissolved 
organic contaminants. The resultant increased loading on the membrane would allow 
more pollutants to "bleed" through the RO. 

The most serious problem in relation to the carbon-polymer treatment arises 
from the use of Sparkleen. Sparkleen contains sodium hexamelaphosphate which is a 
nonprecipitating water conditioner forming soluble complexes with positively charged 
calcium and magnesium ions. Sparkleen was designed to combat precipitation in wash- 
ing operations to prevent scum and scale.  Other workers" 12 have reported similar 
coagulation difficulties in the presence of the complex phosphates when using alum. 
Gulp and Stoltenberg13 stressed that the polyphosphates may have a significant effect 
on colloidal behavior. This is true because the synthetic detergents are excellent dis- 
persing and deflocculating agents. It is also possible that the addition of large amounts 
of Sparkleen will allow the hexametaphosphate anion to compete with powdered car- 
bon and turbidity particles for the positively charged sites of the added polyelectrolyte. 
These actions markedly decrease the effectiveness of the cationic polymer. This was 
confirmed in the jar tests. When the appropriate amount of Sparkleen was added to 
composite 800, the Cat-Floe dosage had to be increased from 25 mp/l to 100 m^/I to 
attain comparable treatment. The composite sample contained only 19% kitchen water. 

W. F. Langelirr. H. F. Ludwig, and R. G. Ludwig, "Floctulation I'lunumrria in Turlnd Water Puniication. ' 
Proc. ASCE, 7«, S parate No. 118 (Feb. 1952). 

R. S. Smith, J. M. O.hen, i 
4«, pp. 55-69 (Jan 1936). 

R. L. Gulp an 
(Nov. 1953). 

6 t 

12 R. S. Smith, J. M. Cohen, and G. Walton. "Effects of Synthetic Delirgenl^ on Water (.oaculalion.   Jour. AWW A. 

13 R. L. Gulp and H. A. Stoltenberg, "Synthetic-Deteivriit Pollution in Kan W Jour. AWWA. »>. pp 1IR7-1 IT,. 



f*uiiln'»' «lidlic« iiii' iiiiiiirt'tl In iim'.-lijiiilr cllei live «arljon-itoh rtKT dosn^c 

iMii^c- ii.« wi'll a.» (In |ii'ilu(lii iiiiiicaruiiii' of u irdilj.-li culur in llic iitii^nlalcil proilml. 

I ii< i nloi ciiiiltl iml lie ir|iriiiliirril jn ||ic |iilinra|(»i\ .mil aiipcaivtl miK iluriii^ Ihr 

il.iv linn' m tlir lit Id.  Tin   IH'I'NIU til' Ihr liclil lrsliii<> ilitl mil Iriul JIMH ID a >lii(K itl' 

Viliv lllü rlirttlir.il iliistjirs. 

7.     Hiit'tji\ C.OKI.  \\r tan <'t)iii|ian Ihr aptimviinalf (t|HTalinji •(i-l^ ol Ihr i'rit.sr 

-y>li'iii \< itli llir <'ii>l~ öl It.tiilm^ in lii^li wain. Tin* follmun;! I.tlniliiliuii shows Ihr 

■v -Irin   iim|ioii''ii|v antl rurrrsinmiliii}; |iowrt' rrtJitirrrtiriits: 

(liinmoiiriil {'own' (k\\ ) 

\|i\ Tank SliiT.T 0.2 

Clarilii r. lillif 2.6 

r.ailiiiti Slum I'rrdrr 0.4 

Ki \ri>l' ( )«llliiMr- Plltltl) 3.7 

TOTAL 6.9 

ThL« i- ei]iii\alriil to 1339 k\\-lir olrtirr};) (or 104 hours of total operation. At an 

awrafie rcsiilriitial cost of S0.027/k\\ -hr, this amounts to 80.50/1000 gallons raw 
wastrwatcr (|fi.4 kV\ -hr/1000 gallons). For th» second werk of operation, 676kW-hr 

of riirt^y wrrr thron tiralK nipiind. Based on final product water, the energy costs 
ut re SO.")/1000 jiallons for the second run (20 kW-hr/1000 fiallons). Chemical costs 
wen §1.47/1000 gallons rau water for carbon, based on SO.iy/lb. and $0.43/1000 

gallons raw water for poh met', based on SCiiO/lb. Total chemical costs are aliout 

SI.90/1000 gallons raw wastewater. or S2.25/1000 gallons of final product water for 
lite »croud run. Total ujtrraling costs were approximateh $2.80/1000 gallons of final 
(trodurt water. 

A -100 heil hospital facility would require 45,000 gallons/day. or 45 truck- 
loads of fresh uatci per day. Truck mileage is 5 miles/gallon and gasoline cost to the 
gcuernment i* $0.17/gallnii. On the basis of a 100-mile round trip, energy cost alone is 
SI53/45.000 gallons fre-h water (900 gallons gas), or $3.40/1000 gallons. To evaluate 

the energy requirement: 

W0 gallons of gasoline = (0.75) (8.34 #/gallon) (18,000 Btu/#) 900 gallons 
= 101,331,000Hlu 

- 29.669 kW-hr 

;. e,nerg\/1000 gallons product    = 659 kW-hr/1000 gallons 

On an energy basis, this is a factor of Xi limes greater than the reuse >\slem. Of course. 

:;H 



tlüi« l'aclor ix (lircctly iiritpnrlionul In llic USMIIIIKII r(jiitul-lri|i milcu^. The coniparirton 
ildi'Miiul lukf «(»(»iiiil nC «linlfie (lis|)iisil uhirli ninhl repicsi-ril a lurcc «Micrgy expniditurt' 

V. CUNCI.l SIONS 

8.     ConcluBioiiK. Il i> i'oncliidi'd ||\ul; 

u.     Tin' s\iittMii »•(nn[irmm|i polycltutrolytc-aidcd-curlton coagulation, upflow, 
soli(l^-( oiitact i'liiriiii iilioii. und diutoinurroi^ earth fillrution in an actcptuble pirlreat- 
inciil for a luglinioxcr) ITUTM' OSIIIOMH unit in treating Ml'ST field liiiHpital wuslewuter. 
S|jiirkle('ii aele ui» au auti-i iia<:uluiil. however, and tniist be oniilU'd from the kitchen 
wastewalcr. 

1).     |)usi^> oi 1()(K) mp/l Niuhar \ and 100 in^/l Cal-Floc siicec^l'ull> 
treated Ml ST ua^lewaler in (lie field unit. 

i-,       \ii averafje recovery rate in excels of l)0c/t can he utilized in the reverse 
cMiiMM;« (HU) «cction uilh thi" spiral'Wound unit. 

d.     The Wastewater Reclamalioti I nil eombitied with the KO unit can 
achieve reductions in average lurhiditv from approvimalcly 'U) jTl to ().:{JTl . average 
T()(; li'un over 100 tns:, 1 to 2.i ni«;:/!. and aveiaüe COD from 44.1 mji/l to ahonl r)0. 
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APPENDIX A 

MUST WASTEWATLR FORMULA 

Amt Amt 

(8\) Comp 

36(M;al Batch 

'ric. 
('nil 

(IX)Comp 

180 Gal Batch 
Cost 

Waste Element .■UjOOafatX)' 

Silvt-r Chloride 5.6 grams 89.8 grams 108.22 per lb 21.45 
Hair 80.8 grams 1292 grams - - 
Sodium Qiloride 108.9 grains 1742 grams 8.75 per 25 lb 1.35 

Hat-ma Sol 140.8 grams 2253 grams 40.50 per 30 lb 6.70 
Type I Soap 157.5 grams 252« grams - - 
Sparkleen 144 prams 23U4 grams 48.50 per 100 lb 2.47 

Scouring Powder 15.75 grams 252 grams 5.12 per 630 oz .07 

Handsoap .04 cake .64 cake 14.76 per 72 ck .13 

Soap 22.5 (irams 360 grams 9.65 per 480 i« .26 

Irea .33 grains 5.2 grams 3.1» per lb .01 
Kaolinite 6.21 grams 100 grams 6.97 per 5 lb .31 

Talc 6.4 grains 103 grams 6.50 |..T 39 w. .61 

Shower (leaner 32.6 grams 522 grams 5.10 per 630 oz .15 
Hair Oil 51.0 grams 816 grains 8.44 per 72 <>/ 3.38 
Hair Gel 12.1 grams 194 grain> 4.54 per 18 ()/. 1.72 
Shampoo 1.6 grams 26.3 grams 5.00 per 192 oz .03 
Toothpaste 12.1 grams 194 grams 7.81 per 72 u/. .75 
Drudorant .33 grams 5.2 grams 6.78 per 12 o/. .11 
DKET .33 grams 5.2 .'rams 6.83 per 192 o/ .01 
\1outliwa.4t .64 grams 10.3 gum- .78 per 12 o/ .03 
pliisoht'x 4 . gra tn,- 112. grams 6.48 per 30 <)/ .85 
Hair Dye .33 grains 5.2 grams 1.44 per oz .26 
Hair (/)lorin{; .33 grams 5.2 grams 1.22 (ler o/ 22 
Lard 8,35 grams 133.6 iiranis 9.60 per 18 lb ,06 
Vegetable Oil 12.5 grams 200 grains 10.79 per 1 K) o/ .17 
Lysol 2.25 ml 36. iid 6.08 per 300 oz .04 
Betadiw 141. ml 2256. ml 18.00 per gal 11.80 
Wewodyne 26.6 ml 425.6 ml 5.45 per gal M2 
.Methyl Alcohol 14.4 ml 230.4 ml 3.7« per pint 1,85 
Acetone 4.5 ml -■> ml 1.33 per pint .21 
Oirliromale 45. ml 720. ml 6.48 per gal 1.23 

Developer 739. ml 11.8 liter 45.45 (•er 5 gal 28.40 
Fixi-r 739. ml 11.8 liter 17.05 per 5 gal 10.69 
Wright Stain 4.95 mi 79.2 mi 28.00 per gal .59 

(licmsa Stain 5.4 ml 86.4 ml 24.00 per gal .55 

Crystal Violet Stn. .9 ml 14.4 ml 5.10 perqt .08 

Safranin .9 ml 14.4 ml 4.65 peri] I .07 

Immersion Oil .45 ml 7.2 ml 6.00 per pt .09 

Ether .45 nü -i '•> ml 1.60 per pt .02 

ZnS04 solution .45 ml 7.2 ml 1,74 per lb .01 
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Must Wattewuter Formula (Cunt'd) 

Amt Amt 

Prtct- (IX) Comp 
180 Gal Batch 

((8X) Comp 
360-r.al Batch 

(«at 
Warte Element Unit 360 Gal (8\) 

KM alcohol toln .9 ml 14.4 ml 2.04   i)(T4o/. .04 
Thiolglycolate win 14.85 ml 237.6 mi :U')   pcrlOOi-m ,-!.- 
5% Phenol 11.25 ml 180. ml 4.21   per lb .08 
22.2% Na,S04 .9 ml 14.4 ml 1.2H   per lb .01 
10% Formaldehyde .9 ml 14.4 ml 1,23   per [>t (40'/r) .01 
30% Sulfoaal. Acid .9 ml 14.4 ml 2.95   per 4«/. ,11 
.INNaOll 16.2 ml 259.2 ml 2.08   perlb .01 
30% Trichloracet Ac .7 ml 11.2 ml 2,62   per 4 oz .08 
Diaao Blank .7 ml 11.2 ml .01   per 100 ml ,01 
H0C1 Reagent .9 ml 14.4 ml ,48   per .'00 tnl ,01 
Buffered Subat. .9 ml 14.4 ml .3.')   per 100 ml .06 
Bilirubin Std. .9 ml 14.4 ml 16.93   pergm ,20 
.85% NaCl 25.1 ml 402, ml ,01   per 100 tnl ,04 
O-toluidine Reagent 2.5 ml 40, ml 110   perl .01 
Ditto Reagent .45 ml 7,2 ml .01    per 100 ml .01 
Biuret Reagent 1.33 ml 21,6 ml 1.77   per 1 .04 
DNPH Reagent .45 ml 7.2 ml 2,60   per 25 pm ,01 
Phenol Reagent 1.1 ml 18.0 ml .30   per 100 ml .05 
2% Sodium Citrate .45 ml 7,2 ml .05   per ) 00 ml .01 
Agar 8.3 ml 132.8 ml .45   per 66 ml ,90 
Chocolate Agar 14.85 ml 237,6 ml .95   per 118 ml 1,'K) 
EMBAgar 14.85 ml 237.6 ml 1.03   per 118 ml 2.10 
Blood Agar 14.85 ml 237.6 ml .95   per 118 ml 1.90 

180 Gal 360 Gal 1200 Gal 1200 Gil 
Coitt - IX Batch 3.03 6.07 20.25 70.60       48.:)4 

- 8X Batch 24.27 48.54 162.00 565.00 
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APPKINDIXIJ 

MUST WATER JAR TKSTS 

VHuy WiiMf 

Alla>«[i Turbidity 

(.irlM.n       Cat-Ho. lOr.C 1\| JAJ (JTl) TOC 

2.0 
2.0 

1000 10 

loon .10 
1000 .lO 
1000 10 
1000 M) 

1000 -.o 
uxx) .-() 
1000 100 

1000 1.-.0 

Tin' almvi •-t- WtT«' i>rcljiiiiii,i 

1000 N 1 
1000 1 
1000 \ .» 
1000 ") 
1000 N iO 
1000 Id 
InOO \ 21 
1000 N 2' 
1000 N iO 
JIMMI  \ 1 
_II(MI  \ ■ } 

JOOd  \ 10 
JMIMI   \ 21 
JMOO \ 2.*! 

2000 \ .ii) 

2000 \ 1 
2(KKI \ » 
2000 \ 10 

rv run- at ilillrn ni -tirrcr >|MI il- tiian the standanli/rd jar test.s IICIDW. 

Haw TOC   1397 

2.0 

2.0 
2.0 

2.0 

• ) •) 

2.)( - 
1,7 _ 
0") 
0.6 

04 - 
.11 - 

1.0 
i ■) 

ril* tiian the stau 

1.1 1246 
.IT 1271 
2..i 1127 
l.(. I.{I7 
2 1 i:!2i 
1.0 1272 
o.-. I n.r, 
0.1 1260 
o.:i I;JO."I 

1.7 1172 
I.') 1202 
;{.T 1172 
0.1 1200 
o.:i 112:. 
o.f 1170 

\Ol I I ml-    nu.l i \i. [I ,.- nuliii. 

• 'jrliiin    IhilriidariM (  iM cpi ,i. nulrii |i\ "Nv for Niu liar \. 

\UTJ,.  liaw  liirliidilv =f.l III . 

\.. Il.il., 
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Shower Wuslr 

AtUggfl Turbidity 
(iirl.i.n (iil-Klor io.)(:'   l Al ~2\2         (,|Tl)   TOC 

-,()() \ 1   '  .. "'  _ 

,"00 \ ,') 
.•(«) \ 10 
500 N 10 -     2 
1000 N I _     - 
inoo N 5 -     - 
1000 N 10 -     - 
1000 N 10 -     2 
2000 1 
2000 N 1 _     _ 
2000 5 
2000 N 5 
2000 10 
2000 N 10 -     - 
2000 10-2 
2000 10-2 
2000 u _     _ 
2000 11 
2000 10 
2000 N 13 
2000 23 
2000 N 23 -     - 
2000 23 -     2 
2000 N 23-2 
2000 "0 
2000 \ 30 
2000 30 -      2 
2000 \ 50 -      2 
2000 - I 
2000 .\ - 1     - 
2000 3 
2000 N - 3     _ 
2000 -- 10 
2000 \ - 10 
2000 - 10     2 
2000 N - 10     2 
2000 - 23 
2000 N - 25 
2000 - 23     2 
2000 \ 23 2 
2000 - 30 
2000 \ - 30 
2000 - 30     2 

47 93.0 R«w TOC 105.9 
17 67.3 it 

40 73.3 ii 

32 73.0 ii 

22 62.0 ii 

2fl 62.0 n 

13 58.0 ii 

iO 59.8 ii 

12 73.3 n 

6.0 53.« ii 

19 63.0 Kau TOC 111.3 
7.4 94.5 «1 

17 
a.2 
7.H 
4.6 
8.1 
2.6 30.3 Raw TOC 105.9 

22 70.3 Raw TOC 111.3 
13 39.3 *» 

24 
4.3 35.0 i« 

24 74.3 " 

22 71.0 ii 

18 
32 76.6 Raw TOC 105.9 
27 87.0 ii 

33 73.3 Raw TOC 111.3 
27 76.3 «4 

26 
21 90.0 11 

22 92.2 11 

21 92.0 V 

iy 94.3 " 

2000 \ 30 o 

\()ll.:     AvnaRr I!.m Turbidih     7.'JTl . Carbon:  Hydrodarco C cxcrpl as noted bv "N"for Nurhar A. 
I nit':  rii';,'l i\(ij)t as nolid. — No Data. 
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Operating liimiii Wiish' 

Atla»f[> Turliiililv 

(arliun Cal-FIoc         105(;          1A1       2X2         (JTU) TIN, 

50 10 - NC; \(: 
.->o 20 _ It! 
50 30 — ■)•> 

50 40 — 30 
100 10 ~ NC \(, 
100 20 — 17 
100 30 — 21 
100 40 — 28 
250 10 — NC \c 
500 10 _. NC NC 
750 10 — NC NC 

1000 10 — NC NC 
1000 30 _ NC NC 
1000 40 — NC NC 
1000 50 — NC NC 
1000 60 — 17 
1000 70 — 16 
1000 80 — 16 
1000 90 — 11 
1000 100 — 12 
1000 no _ 9.9 
1000 '20 — 9.4 
1000 i30 — 10.0 
1000 140 — 9.4 
2000 1 _ NC NC 
2000 N 10 _ NC NC 
2000 N 25 — 2.8 115        RawTOC   166 
2000 50 — 2.4 55        RawTOC   106 
2000 N 50 — 1.5 53.2 
2000 100 — 2.3 65 
2000 N 100 — 0.92 52 
2000 N 150 _ 0.79 53 
2000 N 175 — 0.87 65 
2000 N — 1 NC NC 
2000 N — 50 NC NC 
2000 _ 50 NC NC 
2000 N — 100 NC \C 
2000 — 100 NC NC 
2000 - 150 NC NC 

NOTE:     Units: mg/l except as noted. 
Carbon: Hydrodarco C except as noted by "N" Sot Nuchar A. 
NC: No coagulation. 
- No Data. 
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Lahorotory Wuatc 

CitFioc 

Atluep Turbidity 
(JTÜ) Tor Carbon 105C 1A1 2A2 

1ÖÖÖ   ~ 0.25 — - 5.1 
1000 0.25 — 0.25 7.5 133.2 Raw TOC 246 
1000 0.25 — 0.25 6.7 
1000 0.50 _ — 4.4 105 Uaw TOC 246 
1000 0.50 — 0.25 6.7 
1000 0.75 _ _ NC NC 
1000 1.00 _ _ NC NC 
1000 — 0.05 _ 5.9 136 1W TOC 186 
1000 — 0.10 — 6.3 152 IS 

1000 — 0.25 — 7.2 149 H 

1000 — 0.30 — 4.2 
1000 — 0.35 _ 4.6 
1000 _ 0.50 _ 5.1 
1000 — — 0.25 7.8 146.4 Raw TOC 245 
1000 _   0.50 3.9 129.2 V 

1000 _ _ 1.00 7.1 144.0 *• 

1500 0.50 — — 4.3 172 •• 

1500 0.50 _ 0.25 5.9 150 « 

1500 0.25 — 0.25 7.3 
1300 0.50 _ 0.25 4.1 117.2 Raw TOC 161.2 
1300 0.75 _ _ NC NC 
1500 1.00 _ — 2.5 
1500 1.00 — _ 5.7 
1500 _ 0.05 _ 4.» 142 Raw TOC 186 
1500 — 0.10 _ 5.3 138 '• 

1500 _ 0.25 — 3.4 130 M 

1300 — 0.30 _ 4.2 
1500 ~ 0.35 _ 3.1 
1300 _ 0.50 _ 3.3 
2000 0.25 — 0.25 4.0 112.0 Raw TOC 161.2 
2000 0.25 .. 0.23 4.3 172 V 

2000 0.23 _ 0.30 NC NC 
2000 0.30 — - 5.5 NC 
2000 0.30 _ 0.23 1.8 118.4 Ka« TOC 246 
2000 0.30 — 0.25 6.3 NC 
2000 0.50 _. 0.50 NC NC 
2000 0.75 _ _ 2.6 105.2 Ha^ TOC 161.2 
2000 1.00 _ — 3.3 NC 
2000 1.00 _ - — _ 
2000 1.00 — 0.25 4.8 
2000 1.00 _ 0.30 NC \C 
2000 _ 1 — 3.9 200 Kav» TOC ■l'l 

2000 _ 2 — 1.7 172 
2000 - 10 — f),;{ 19fi " 

2000 — 20 - 1 . i im " 
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laliorjlurv Waste ((.onl'il) 

I .illmti  < .it -I' 

2000 

21II Mt 

2()()1) 

2000 
2000 

2000 

200(1 
2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 
2000 

2000 

2000 N 

2000 N 
2000 .\ 

Ulu.st'(l 1 iirlmlitx 

I0')(. 1 \ I        2 \ (.Ml ) TOC 

10 _ )!.7 216 Wm TUC   271 
100 - 10.0 230 ''■1 

1 0.2 ■> •> 

■> 0.2 3.3 
10 0.2 5.0 
20 0.2 (>.; 
10 0.2 7.6 

100 0.2 ft.« 
0.05 4.3 129.2 RawTi«;    I«( 
0.10 - 4.6 132 *, 

0.25 -. 4.8 121.6 " 

0.30 _ 2.4 
0.35 _ 2.8 
0.50 _ 2.8 
0.50 — 4.0 165.0 KawTOC 
0.75 _ 4.3 153.0 *' 

1.50 _ 4.4 153.2 " 

0.50 _ 1.5 147.0 •>•> 

0.75 2.1 143.0 i* 

1.50 — 2.2 146.5 •>•> 

Noti':  Avmn«" Raw Turbidity = 1H JTl . 
NC:  No coapilation. 
Units:  mu/l «xcipt ai noted. 
(Jarbon:   I lydrodarco C except u> noted by "N" for Nueliar A. 

- No Data 
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Kilclu'ii Watili 

(iarljon 

"oÖÖ 
500 \ 
000 
500 \ 
500 
500 \ 
2000 
2000 N 
2000 
2000 \ 
2000 
2000 N 
2000 
2000 \ 
2000 
2000 \ 
2000 
2000 N 
4000 \ 
4000 N 
4000 N 
500 N 
500 N 
500 N 
500 N 
500 \ 

2000 N 
2000 N 
2000 \ 
2000 N 

Cat-FI 
\tlagtni Tiiriiklilv 

im. 1\|   '"2Ä2 (.III) TOC 

25 
50 
50 

I 
I 

25 
25 
50 
50 
100 
100 
150 
150 

50 
100 
150 

1 
5 
10 
50 
100 

3 
10 
50 
100 

40 

\(; NC 
w. NC; 
v: NC 
N(. N(J 
\(, M; 
\{; NC 
NC NC 
\(. NC 
NC NC 
\(: NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC \C 
NC \C 
NC NC 
\C NC 
_, NC 
_ NC 

6.1 
3.3 
15 
7.7 

Raw TOC 220 

Note: Units:  mp/l except as noted. 
Carbon;  Hydrodareo C except as noted b> "N" for Nuchar A. 
NC;  No coagulation. 
-  No Data. 

47 



Kitchen Waste (Cont'd) 

Crt-Floc 

Atlnwp                  Turl)idity 
Carbon 105C IA1       2\2         (JTU) TUC 

2000 N 1 
2000 N 5 
2000 N 10 
2000 N 20 
2000 N 60 
2000 N 80 
2000 N 100 
2000 N 200 
2000 N 400 

2000 N 20 
2000 N 60 
2000 N 80 
2000 N 100 
2000 N 200 
2000 N 400 

2000 20 
2000 60 
2000 80 
2000 100 
2000 200 
2000 400 

Kitchen Waste w/Sparkleni (No detergent) 

- -        - - .v; 
- - - NC 

- -        - - \(: 
- - - M; 

- - - - NC 
_        _          ._           v 

- - - - NC 
_ _ _ - NC 

- - - NC 

Kitchen Waste w/Deterpent (No Sparklcen) 

10 ;W   Hau TOC 440 
14 40 
16 42 
17 43 

-      -    -     14     4,-) 
10     44 

Kitchen Waste w/Dctergent and '/■» Dosagt' Sparkleen 

- - - \C 
_ _ _ \(; 
_ _ _ \C 
- _ - \c 

\c 
- - - \(. 

Noli: Units; mg/l except as noted. 
Carbon:  Hydrodarco C except as noted b> "N" for Nu( liar \. 
NC: No coagulation. 
- No Data. 
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Cunipomtc 1440 

Cat-Floc 

Atlasep                   Jurliidity 

Carbon 105C lAl       2A2         (JTL) T( K: 

1000 N 250 
2000 N 1 

2000 N 10 
2000 N 25 
2000 N 50 
2000 N 100 
2000 50 
2000 100 
2000 150 
2000 N 150 

2000 N 250 
3000 N 250 

(+2 aft 
Ihr) 

(+5 aft 
1 hr) 

Note: Unit«:  mg/l rxcrpt at notrd, 
Carbon:  Hydrodarco C except as noted by "V 
- No Data. 

for Nuchar A. 

i 
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Composite» 

Carbon Cat-Floe 
Allawfi                  Turbidity 

105C         IM       2A2         (JTC) TOG 

5 

S-I'urt (Jonipiwite Without Kitchen and OR 

Haw TOC 2000 N 4.4 120 203 
2000 \ 10 5.0 108 *» 

2000 N 100 4.4 118 i» 

2000 5 2.3 
KawTurb 33 

4-l'arl Cotnjiobitr V\ itiiout Kitchen 

128 ti 

2000 \ 5 3.1 67 Raw TOC 130 
2000 N 25 4.1 71.,-) " 

2000 \ 100 3.7 71.5 "i 

"il'iirt Conriiusilf with/3/4 Mosage Kitchen 

21 »00 \ ." 5.1 71 Raw TOC 1»3 
2000 \ 2.J 5.3 60 
2000 \ 100 15 6-.5 "'• 

2000 \ 1 
2000 \ 2 

2000 \ '> 
2000 \ 10 

Kaw lurl) .10 

I'arl ( (iin|iii.-itt with I nil |)()>ayi' Kiteiien 

7.0 
6.3 75        Han TOC   204 
H.2 67 

\<)U-. Carbon:  Itulrodar««» (  evii'i»! a> wrted b\ "N   lor Nm liar \ 
Uli;  Opiratiiu; Rüorti, 
-   \o Dii.i. 
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r.oin|iObil<'* (( ont'd) 

AlluKcp liiiLiiiiit) 

Carl...!.    '.inl-Moc jJUJ UF      2AJ (JJU) 'UK',  

t.omjiohiltf - Conci'iitrution» Drawn Iroin MUüS Di.igiain for Four Kxmjilun liiiu^ 

Time;  480 min from Mart up I .'»7% UH:43'/t SIIO\MT K.IW TOC    11(> 

2000 \ 1 _ - _ 
2000 \ :, - _ - 
2000 \ 10 - - - - 
2000 N 2". - - ,18 34.() 
2000 N ,-,o - - - ,{.6 W.Ü 

RüU liirb-37 

Tim-; 800 min trom *lart up 11 41f/f OR: 2.^, Shower; 19',; Kit.iu-n;*     lluw TOC   23») 
12'/< Lai.;.% \-Ray* 

23 
23 145 

_ _ _ 23 
- J3 

2Ü0Ü 10 
2000 21 
2000 r.o 
2000 KKJ 
JO0Ü \ 1 
2000 .N 5 
2000 N 10 
2000 \ 20 
2000 N '.() 

20()(» N 100 

-            -              11 144 
li 137 
14 137 

Ka« I'urb 10 

rim«-:   1200 min Inmi Marl tip       III 44'^ Slmw.r: 31)% Oil: 12',. Kiu-lun*     K.ivlm     i'l* 
10', Lil.: V. \-I!a\ * 

2000 N 1 
2000 N i 

200(1 \ 10 
200(1 \ — ■ 1 

2000 \ '.() 

211(10 \ 1(1(1 

13 Ml 

1(1 ')J 
1.1 Ud 

li.i»  I nth  ",_' 

Iini> :   IlKtimit IfMii .|,irl up        l\   ."»()'. *li.»Mf; 20'r ( Hi. 12'/ Kil.li.u.s      l!.u>l<K     .'27 
H', lal.: I', X-Kav  x 

12 i'l'l 
I'. Iltl 
13 III! 

U.iv\ hull '.(> 

2()(i(l \ 1 
Jill Ml \ . ) 

JdOO \ 1(1 
200(1 \ 21 
2000 \ ."id 

2000 \ 10(1 



Compoiiten (Cont'd) 

t«t-Floc 
Atlucp TurbiditN 

(JTl)'         T<i(, Carlion 105C IA1       2A2 

Time; 800 min from «tarl up V 41% OR; 23% Shower: mi Kitchen Rüw TOC 284 
(with Sparklecn) 12'/ Ub;5%X-Ray 

2000 \ 1 _ -~           _ Nc:            NC 
2000 \ J _ _           _ \(.               NC 
2000 N 10 _ - NC              NC 
2000 N 25 — _           _ _ 
2000 N 50 _ —           — .. 
2000 \ 100 — —           — 14             145 

Raw Turb- W 

Note: Carbon:  Hydrodurco C. except an notod by "N" for Ntirliar A. 
- NoDiU. 
NC:  No coagulation. 
• No Spvkleen 
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