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& '} 4a investigation was conducte? into the aeulting of brackish water by memas of pre-

. cinitan..s and ion exchange resins, Limited tests indicate t}at the desired level of

P QesaLnation can be achieved in less thar one hour by mixing spproximately 9.0 grass

3 ’ of precipitation chemicals or 2k.0 to 30.0 grems of mixed-hed ifon exchange rezius in

cne quart of a synthetic form of btrackish water.--The predipitants were obtaired as a |-

proprietasy blend from Iomac Chemical Co., while the ion cxchange resins wvere supplied

by two mmxi‘ae\.urers, Dicxond Shamyock Cheuxicsl Co. &nd Low Cheaical Co.

e

52 bulk of our de’-:elopmnt effort was concentrated on “he precipitition method,

n which ~ becwar2 of its wmore advanced state-of-the-art - appeared to offer a greater

] shante of success within the limited time erd funds available. Consequently, finsi

: Selivery to the U. 5. Army lLand Warfare Iaboratsry coasisted of precipitation chenmle

| seszled in 100 plastic packets, each of which contained two scetions of 4.5 granms each.
[ = Thus, each petket is capabls of desalting 2 one-pint or 1 one-quart quantities of
pracki sh water in accordarce with the instructions provided thereom.

DD T JAT3 SSRGS e Unclessiried




C hlial et 1wy

[
AR T T P T Y Yk s Ry, PRI Ay WA o 00 Y BT OIS 1 i ey
o s DR O i RN e s ML llx i , £
1 e e

i

QiEgs SN
.

LINK C

ROL K
et

y

)
wl

(e, acpngts pRegCsSiil =
e T RS ;l"ﬁf**:ﬁ?éfef*‘fef@,;
LIKK A l LINK &
notax] wr ! mote}l wrt
: R
Unclsssifie
Securty

]
|
L]
o
]
o
L
»
»
4 '
o .
% _ °©
i
.wﬁ ®
,, = g
“ sm e v
,_ m M g
! olf f g
] e wd
; UM 1 .u oy
I | 255
_A , $8a
T
W T
&»
! +
LTy ) LoL TR T P eng AL R . . o
. L L o Wl e : L - A S e, T




- e T
J T *WUC‘*"“‘MM‘:’W-—\V‘,% e P X

msTRicy
An investigation as conducted inve the desalting of brackish water
by mezns of precipitunts and jfon acbanée resins. Limited tests indicate
that the desited level of deaalination can be achieved in less than one hour
by mixing approximt:ely 9.0 grams of ptecipitation chenicals or 24.0 to 30.0
graxe of mixed<bed ion exchange resins in one quart of a synthetic form of
brackish water. The precipitants were cbicined as s proprietary blend from

Iomac Chemical Co., while the fcn exchange resins wete supplied by two

manufacturers, Diamond Shamrock Chemical Co. and Dow Chemical Co.

“The bulk of our development effort was concentrated cn the precipita-

tion method which = because cf its more advanced state-of-the-art - appeared
to offer a greater chance of aucms u‘ithin the limited tim> and funds avail-
able.( Consequently, finel delivery to the U.S. Arny lLand Warfare Iabo_utory
consisted of precipitation chemicals sealed in 100 nlastic packets;ug!y of

vhich contained two sections of 4.5 grams each., Thus, each packet ¢z capable

of desalting 2 one-pint or 1 one~-guart quantities of brickish water in

accordance with the instructions provided thereon.

(amaumer

Although both ressiting methods offer considerable gromise, we tend

3

to favor the use of ion zxchange resins for the following reasona:
1. They arz more effective in both sulfate and chioride fon remeval.
2., They prcsent 20 toxicity problem.

3. They zre easily removed by filtering.

4. They are less erxpensive,
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Since there ave numerous problem areas still associated with the
two systems, we recommended that addizional effort be funded to iavestigate

these problems’, particularly in regard to reducing material weight and

volume.
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FCREWORD

The work described in this report was conducted for the Research

Analysis 3ranch, U. $. Army Land Warfare Laboratory, Aberdeen Proving

4]
R

Ground, Maryland, as Work Assignment No. 18, entitled "3rackish-Water

Deaalter Packets (Task 04-S~71)," under Contract No. DAALG5-69-C-0320.

The work reported on herein represents development of a concept originated

by Mr. Joseph 1 Carney, INL Project Officer.
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1. INTRODUCTXON
This enginzering lettuer report presents the resulis of a limited investiga-
tion into the development of brackish water desalter packets conducted by
AAI Corporation during the period 1 April 1971 through 31 August 1%71.
A, Background
The U.S. Army land Warfare Lavoratory i3 the development agency
for the Individual £2id and Survival Kit used by the U.S. Army Speciai Forces.

This small, lightweight kit, which containeg many items for survival ip a

o

hostile enviromment, is perio'ic- v scrutinized for deficiencles. As a

result, it has been determined tihat the kits currently in use do not provide *

a means for desalting drinking water should an evades be {n an envircnment
where brackish water is thc only source of water,
8. Object?ves

The folleowing nbjeccives uapplied to this work assignment:

1. Devemlop and test packets of different configuration: con-
taining nixed-bed icn-exchange resins for desalting brackish water.

2, Develop and test packets containing precipitants fov
desalting 5rackiah water.

3. Fabricate and deiiver a quantity of desalter packets,
€. Services to be Performed

The contractor {AAI Corporation) wes to exer:t his best efforts

to complece the following services in two phases:




Y TR

Phase I - Investigation

1. The contractor shall design, develop, and test pack2ts o€
different coriigurations (e.g., tec bag) containing mixed-bed ion-exchauge
resins for veducing totai dissolved solids in brackish water in survival
situations to accepiable concentrations,

2. The contractor shall design, develop, and test packets of
different configucations containing precipitants for reducing total dissolved
solids in trackish water in survival situations tc acct -table concentraticne.

3. Each packet will contain the proper amount of resin or precipi-

tants to desalt one quart of the test water to the acceptable concentrations. f

It is ant’cipated that enough packets, namely twelve, to desalt twelve quarts %
of brackish water will be included as & survival item in the individual
survival kit. The combined bulk of the twelve packets should not exceed
three cubie inches and not exceed three ounces in weight. The method of
desalting the brackish water must »e a simple one; e.g., introducing the
packe% into u# canteen of water and shaking for a few minutes.
4, The contractor vill investigate the feasibility of incorperating
in the desalite~ paclats = chemical which will musk, or preferably eliminate,
any objecticneble odor or taste which may be in the natural brackish water,
This a2dded chemicsi must be included in the total bulk and weight limitations

stated above,

5. The following synthetfc water to simulate natural brackish water

will be used for testing:




Laae 3

Turbidity - 65 Ju®
p“ - 7.?
Sodium bicarbonate, NaHCO - 379 mg/l(b)

Sodium ch.loride, NaCl - 2,500 mgf?

Magnesium sulfate, Mg30, - 445 mgfl

Calcium sulfate, CaSO, - 12 mg/l
Sodium sulfate, Na,SO, - 115 mg/l
Conductivity - §,270 microwhoes/centimeter

Total dissolved solids, TDS = 4,150 mg/1
6. Each packet must reduce the total dissolved solide of a quart >f

this test water to 2,000 mg/l, incliuding reducing tie sulfate fon To 560 mg/l.

Phase I ~ Test Quantities

1. Approval of the type(s) of desalter packet by US Army land Ware
fare Laboratory is required before fabrication of the rest quantitiea,

2. The :outractor shall fabricate 400 desalter packets.

(a) JTU = Jacksomn Turbidity Uit

(b) mg/l = milligreme per liter, equivalent to
parts per million ox ppm.




1I. DESCRIPTION OF INVESTIGATION
A. General

As gpacified {n the objectives for this work ast ignment (Section
I.38.), cur investigative effart leading to the development of survival-type
breckish-water desalter packets was divided inte two general arear:
precipitants and ion exchange resins. Detailed narrative accounts of these
dual investigations are subsequently presented in Sections II.B. azd II.C.,
with tabulated summaries of all test data and discussions thcreof appearing
in Section 1II.

To enable us to decvermine che various concentrations stipulated
in Section 1.C., it was nzcessary to purchase » as a part of the contract -
two basic pieces of equipment, These consisted of the following items, both
of whichh are mesufactured by Delta Scientific Corp., Lindenhurst, N, Y.:

1. Model 1114 Portable Conductivicy Meter

2. Model 50 Pcrtable Laburatory sith Photmmetric

Test Meter (For Performing 21 Tests With Water
and Wastewater).

fescriptive literature for both units is presented in Figures 1 and 2. 1In

adéition, the manufacturer’s operating procedures are reproduced in Append‘xes

A and B,

For measuring pH, we utilized an instrument already on hand in
AAI's chemistry laboratory. This was a Model 72 pH weter, manufactured by
Beckman Instruments, Inc., Fullerton, California. It is a temperature-~

compensated, direct-reading device with £ millivolt range of 0 to + 500

L
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1A0GEL 1114

Portalile Conductivity Meter
(Total Dissolved Solids)

FEATURES

® Fabet-ized, proven insttumet fyr lebniviory, plat and
finld use

& Al sobid 13000 for rugeinems x1 | refubility

© Brosdent coversgh in tngle instruengs, (13 90 10,000 snicre-
~uag, in § cwerlepping, sslacishle rengee

© Ot Svariapping meter scaleZ (3 %0 30 and 2 0 20} svoid
Srowding. Color codes acaies and sa>wrols preliude reading
-re

@ Uribreskabile plestic conductivity c!

© Lightweight ro( very compact

© Parmenent, rechargasble bettry

® Naghs Acvurmy

The Deita Modut 1114 Portable Conductivity Meter Tor man-
wring totsl cemolved 107ds {TDS) v on inetroment with ait
splsd CE098 Creiry hovesd n 3 S dv moniyre-proed, COrro-
sion retietent case. it 3 powersd by an interrel. rechergestie
hevsery which provides 43 hours contic>8 dun s and aan D
fuly recharped evemight The dectrode s 8 raged, urbresi-
Sdie plantic celt,

PesCout s iy mi Dusl, switschelue xcales — $ ® 0
ol 3 9 X0 — gre used t precicde compransing diel dari-
Jone 808 10 Drovide MLTimue Oveiippwng i 8 iecwble
ngat, TS IRINg gretait posibie riading

The Madet 1118 &t very saty (o aparste. The orll & mersty

mwnermad i e EDie and e Ta0ge etaCior sitch rotoNed
wntil an a-etals resdsg & obtained. It is wadtely oed whvirever
swrity of wpter ot The conomystion of dmcheerd 2alds st
e neamred or cortrolied. Typcsl vess inchody hackirg O
CONAXTvity Of wster it Buct, pPECItIONnS st

Cremical Pieri2s @ Cooling Tower Water @ Coolaes for Large
fissel Engres © Syem Condentate ® Laboratory SBile
© Poder eud st © Beverap Bot¥ing Plnts ¢ Owcking
Osminersirer Etictiveram ¢ Ppwr Neking ¢ Textde ard
Yan Proceging © Food Proceming ® Municpsd Potable
Ww ard Wate Trestment Plnes ® Met® Copemany
Ancdirieng, PrkENg e, Wish Waters ® Refrmang —— o2 2
rost of o

Figure 1. Advertising Literature for Delta Scientific Corp.
Model 1114 Portable Conductivity Meter
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SPECIFICATIONS
ADCHBEY v ivvnnensannas _x:_l_erimurfofnyn\p
Messurement Range .. ... ... 0.3 w0 10,090 miccecmbos in ¥ ovoriap-

pogsteps 33103, 110 10,310 30, 10
o 100, 2 to 300, 100 o 1020, 300 to

3000 an 10C0 w0 10,000
Size Instrument . ......... 6% x s x Jinches
Weight of imtroment ..., . 28x, 232
Weight of Ebrctrode . ... .... 102
Dutyewle............00 43 hours continucn, recherge in 14
hearrs
Cotlorsant ............ 1.00 {others ooy requesti
Cditmstion. . ....... o oo oo Extseral knch mts 58 deflaction

OPTIONS AND ACCESSCRIES

Carrying came of unbreshadie ABS plastic, foem pedded interior. Holds
reeter, gvd conductivity coll. Weight, approximatily 1 i,

Betiery charg. Asilsble for 110 wolt, 50 Ht or 220 volt 50 or 0 Hz
Fully cachorgm tatwry overmight,

Optional ceth for other Pan 1.00 cotatant. Specify requicgoent,

Detta Scientific Wldel 31181 Condctivity {Totid Jimolved
M&mmﬁsﬂwmwhmmm
NGvolt, COMzbetwrychorgee ... ... ..c0nv.n..

Figure 1. Advertising Literature for Delta Scientific Corp.
Model 1114 Portable Conductivity Meter
{Continued from Preceding Page}
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MODEL 50 PORTABLE LABO

L For Water, Wastes, Industrial Water Quality Control

i and Process Streains — ideal for Government Agencies +
X Engineers and Consultant: « Schools « Industry « Field Surveys

RATORY

The Deits Scientific Maddl 50 Portible Lakoratory iz completels equipped
10 perform the 21 meat witely required waler a2d waxste tedte The range
of teals 3t coneze and {80 compactrasz make &4 an deal pebera. pirpow
Bboratery for hexth impexciory, coranNaris, snpimters, dfvam Zurvey
tearns and otber wars wio find {1 portalility and guwck and casy 0 31
precedares partieularly attractive. While tacksoed for S we on 3 ruped
case, the Maded 50 abio serves well in a phat or Bibmes cey nihere mater
2 move teafs are eredad

A Deita Seve i Photometrx Test Metzr 1o buiit into the Made{ 0
Pertablr Laboeatory, Al of the pexrcary cedar e Labaare and re
agenls 4 oceded Cemplete ixstrawivms g performoag eaxch et are
civen In the Model 30 Precedures Marnesl opplond with end iny

Fro the maveninsy of the iseapersesed operator, all rarvrds Loltdes
ard powdir packages are nomivred indov i ioally At these sir-pe ponbers,
sathber o jae the ebenuea] mamre, afe 3ond 1 the et oo

THE MODEL S8 FERTFORGS &1L THESE TESTS.

Alss 2y Treumsty Niorde

ARriety Cxoer al

Sroaee Hawrtaass Precaste Ot
Cakngty Harleesy Pyoregrs Sode Srenpdate Totp
Cadens Donde frem STty

Caigrote Wegorrie St8e

Dcsre, OIS A Yooy Fotegme Turtadiss

Advertising Literature for Delta Scientific Corp.

Model 59 Portabie Laboratory




DESCRYTION

Tht Model 30 fortabie laboratcry comsiala of 2
Delte Scieztific Teat Meter, abware, 3B necradary
reage sts and cthetr stms “for the 21 F3ier and

P0 FRTUPALE IWRNNIEZ (eDeiie as an islegral pant
of 122 cap. Peader vag-tts are nuppbud in pack.
ages with mizatore, «Curately calbrsid smeat.
wring “spuons™.

Each bttle seed cap and vach dyy 1eagent package
a8 inividuaty mm{ The test sum

pirizy. The reagect a«un. yowdery wb::- ant

frbrware Lre neded in Sevthaze foam for 84dW
Stokection. "

Alss 22 part of the Model 50 Forteble
MM'ntuhaﬂl&WMu‘

Tho hsilein meter is forwered by & selfcaatained,
Mdl?.‘hhnlypr't tattyry, whick Is
sl war wizl Bt 2 year. Replacwements are
inespensivy snd ’gn e pur -'Lv’:; :ahhrlsm
or radiy slona fhatormeter o I onorated
well bedow i%3 cating to give Years of unt in roeres!
rervme, A saf-fevuang featuoi~ grecduies the
oaricty of recalbralice wden the fomp W
shasged. Crhbeatizg o prrmancat Al sdements
are rapxrd ind are amouled 15 « tartal boaiag
wathun the tawe for additidas! protecivn The case
stself &y 2 tough plastic componition, naistast to
teubs o Weight 11 Ihe, Sire £ 3 13 x 33 orhes

aa

PRINCIPLE CF OPERATION

Over the yeurn, cheraxcal terts Bave bave drveleted which taeewr & codor teaciion i xxor nber 2 waler sarpie
s treate! with 3 reazent. Theaw reagesls are agwerde Jor e chemical defermunativa bring asade. Such tests
fuil 1070 two distitet categniins, hoth of whark s0v seed in 2o Licdel 23 Partable Leberstory.

Figure 2.
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The andmint of light aometed by (o
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TEST PROCEDURES
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(or + 3000 by ahifting zero position to either end of the scale) and relative
accuracy of 0.1 pH and 6.0 millivolts; its repeatebility {= + 0.05 pH.

In measvring the concuctivity of & liquid coataining more than
one type of salt, it is neceosary io groep all the v2rious fons of these
salts together so that their concentraticns may be expressad as one common
standard. According to standiared water analysis methods, salt curtent (usuaily
raferred to 25 "hardness") is normally considezed in tervs of equivalent
calcium carbonate (Caco3) concentrations. This ic the nethoad used by the
Delta Model 1114 conductivity meter for counverting specafic conduxtance
(in nicrashos per centimeter) to total dissol- ad solids (az ppm or psrts per
million), The significance of using this type of stendard to comvert from
conductivity te tctal dissolved solids (IDS) is expiained in the discussion
wnich follows.

The conversion table sccompanying the instructicas for Delta
Scientific’s conductivity meter {see Appendix A) shows total dissolvaed
solids in milligrams/li.er {(sam> as parts per million) as CsCoy for various
specific conductances. Plotted, this data appears as Tigure 3. Consejuently,
to use this table when working with dissolved solids other than calcium
carbonate = as in our cas2 - it {s necessary to change the dissolved weights
of such materials to their respective weights as c:coz; this is dooe by
spplying conversion factore to the individual icns {cations and anicus)
coaprising each material. The various ions theoretically formed by the five
constituents of the synthatic brackish watar referred to in Section I.C. are

showa in Table I,




103K A3TA3330PUOD 2111 TOPON 0D DJFIIUIOR WITRG 30] WIVU SPTIOS PEALCENNA TwINL * #4 KITATIRREMOY JO 30U
Coowo #w Wid ‘epIIOs paAuesia (HI0L

-t

¢ eandid

LTI R e, o ———

(] L}
009'p1, 004 . q !
. >y
i Y 3 | 1N
« Qo each g = e . v . :au W&%aw - m | n. m. ;z. ~_. wol
Tkly - PO I - i “ eteefespe Y beee ' - ife N ...¢
- R - _Ovm ] el .*w (1 21T 1 ﬂ 1 qrdoge g
.. B arenperes vl w n... gt } 3 ‘ o b4 o
“ O SUDRY SRV O D B S B i 000 100 FRARE SRIDR DI ‘ ! 191 1 IR RN
e confuuneli i unfd o v 2-.” “ 0..-.“ e b .n an Repue ..,4.. T I 2L w;. w~ ) ) o [] ] 4 ”“ LX) " )
- [ P APODS BN P MR PP IR R IR A [T} Z1 T PIETY LYTRT T .". oo e [) [] : (XL 4" 1 )
. it . P 4 oy whe s Burensiengie ¢ W » vl wred n efongr TSI FTTRD I3 IR NS KN ] .;\ [ K [3 | g i 4 W d % ¥ ﬁ
¢ . ware . Benesforsofe wen? 4 or o« rulie wany vaeges sfsrake sl e + v 3 'R
4 e . - — -»u v 4% seBenneds W gwx " . YO I ITEET £ L) L B.O Ry m e
5 [aad NS4 FaRU3 Bedd IOREE £33 Ve . gl HH A , P
T e o e e e ™ s Civegd o dew .
M . . R . 115 ) [ ] L8
. 'R by $ g8l d ¢
t g - R e Y i1, - .:m : il i : } ;
o A = s 1 A R e o QHL _L L_L,..A. N P
R 1 , HIT , ¥ | .
v " " . v m XY R CIEEECEE T N1 w by .-_-sl “!"- —w.m -o‘“ _"i "_,“-_, e . 1] ’ v v
NI I A O I R AeEE B tEE M T s et S EE O Y ARE
- .. » . o I o . " LB [ DR & b Breragrad v 4 El . [ ™
™ CRLN K BN SRR FEED R I R TN AN TS XL B ) SRR : n
5 % P B N SR | M : 3 Lo it ; q
9 = oo feremte e — the . " 9
i 4 ol ; . ity s H w y HH ] .u,
. . ‘ Lol K1 i 1 o~
L, ]
¢ o i _ .m
¥ . £l IS Q10 IR 381 1 N
! , Lk il ©
bt b3 widd N O At O ad
f B [ IO TIEE ﬂ ] " .:_.._ H:a # L
.. Qeenofor s 4 .,.T i hpye w.. :H XXX R I3 .
N . . ke . vy 4§ ooy L. QX: & " g4 0 ey g -
- Y Y . EER] » :.:m.-:...a w.. LI n
¥ *g- i
N - Y PP . ..«-. ) H b gy g ted hy
o .- w flewene LY 4900 . (X 21 51 B I
. P T e v b “ jgoev et v e 9oy ]
. e M f I NI MR 4 R IFREE EE KL "
A\ 3 EAEE BN B *
i & S 7} 0 L B S HE R R SIS RN ~
» . IS WL IS IR ISR SRR} 3 a w
R I LI TR R ol * ]
1 Rt TR . o
. . m. 1Y
4 * ¢
H i ] 3 "y
1 : )
’ . » ’
. 3 Xl . [ 2 B » [ AXEE X11] -Mk- 1] L 4
. L] (XXX ’ @ v (L] [EE A3 LIEX] * . []
\ ' ke .. » - o g I se fearngwina » [ * ar@oarediret . o P .
N . o & R GELLE R e 1 LR, N reifiees » H 5 .
v ' r M » wee w v Jave v oo . 1 ERw HU » » A
M A . e N O X I [ e H ¥
: / 1S S SR HETE IR i R O L . H . bl tEied S tiie
v " T Ty e ST LR ) H 1 T b
[ . f H B HEH LR ) . i H 1
. N ti N F AR Il _ )
. ' YN — t ; Miee v
» l\ .. -, : - " !y [ ‘ 3 { w -
? - ~ '] IR VIt ¢ H ’
) . y ¢
4 s R , iddd "I Ll dis AR RN 1Y (8300 ER L3 b
VO t
& 1 ¥ { ¢ h
|
Py P i e oy -~ fo - - J—




TONS )
COMPOUNDS I
CATIONS ANMTONS
NaliCo nat HCO,.
3 3
<+ -
raC} Na Cl
H ) =
XS0, e 89,
caso, catt s,
3 e, + -~ =
Xa,SO, 2%a z0,
: J

TABLE I
COMPOLNDS AND ToNS FORMED

The factorz to ve used, therafcre, {n converting the six different

ions (3 cations and 3 anions) listzd above from concentration (in ppa) as ion

to concentration {in ppm) as CaCQ, ars irndf{eczited in Tabla II,

{a) Ref. 7.

3

FACTOR. TC CONVERT FROM (:)’
10N PPM AS ION TO PP4 AS caCay
Caticos
-
= 2.18
E =

¥ Ry &.10

ca’ 2.49
Anions

Neo, 9,82

c1 1.41

SO_,z 1.05

TAILE 11
COSVERS IO FACICRS FOU_IGHS

Sec page 115 for list of references.
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Thus, to determine the dissolved content of each material as
CaCO3 in the synthetic brackish water, the following sequence of calculations
should be nsde, using eodiuwx chloride as an example:

1. DRetermine ions into which compound dissacistes (sece Teble I).

+ -
NaCl—e»Ns -+ Cl
2. Determine ratio of stomic weight of ifon to molecular veigit
of compound for each ion.

at. wt. Ra' _ 23.0

mol. wt. NaCl  58.45

= 395

at, wt. C1~  _ 35.5
mol. wt. NaCl  58.45

- .605

3. Deterrine coucentration of each ion in solution as ion by
multiplying ratio from step 2 by known concentration of compound fn solution
(2,560 ppm NaCl i zynthet?: brackish water).

Conz. Na~ = ,395 x 2,506 = 985 ppe

Conc. C1™ = .605 x 2,506 = 1,515 ppe
4, Determine concentration of sach 2an in sslution as (:«a(:t:)3
by multiplying result from step 3 by factor to comvert from ppm ;To:o
ppa as CaCO, (Table II).
xa' as CaCO, = 985 ppr x 2.18
= 2,147 ppr
€1 as caco, = 1515 prm x 141

= 2.136 prm
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5. Determine concentrzazion of cowmpound as Caco.% by add.ng con-

centratfons of each ion &as Ca(.f_‘3.
2147 ppm Na  as caco,

216 gpm C1 as CaCO3

' Total 4293 ppm HaCl as CaCo,

2y conducting the pveceding procedure for each of the five
cmstituents of the synithetic brackish water and adding together the rasults
of step N, thé total concentration of these comporents as Cac03 = rather than
as inar - may be found. This total figure amounts to 6698 ppm (28 comnared
te a cum of 4151 ppm as ioms). The various figures produced by each calcula-
tion are presented in Table IIX.

Therefore, once the total dissolved solids in a solution are
known in terms of CaCO3, i is a simple matter to detemmine the conductivity
of that solution -~ or vice varsa - by referring to the cenversion data or
curve suppliad by the meter manufacturer. A cuzve, bused on deta furnished
, by Nelta Scientiffc Co. - see Appendix A - was depicted ia Figure 3.(“)

According to this curve, the conductivity for & TDS value of 5698 ppm {rounded
off to 67C0 npm) is approximately 7200 micromncs/cm.

The preceding procedure represents the methed by which all
conductivity and/or TDS values quoted throughout this report were generated.

The conductivity value of 5,27G micromhos/cm stated in the specification is

(a) This curve, it will be noted from the data, has been tailored to cover
only that portion of the TDS range of interest to this program; namely,
from approximetely 100 to 19,000 ppm as Caco3.

LA A e -
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inappropriste for cur instrument, aiace - as it was learned later - it
wag not based on CatCO‘3 as the standard but on NaCl, using another type of
conductirity meter.(a) We clected te continue using the Delta Scientific
meter with its manufacturer-generated conductivity/TDS conversion data based

on CaCoO,, rather than attempt to generate another -~ and nerhaps unreliabdle «

3
table based on some Jther standard.

The synthetic brackish water utilized throughout this
program wae prepared in one-liter (1.057 quarts) gquantities in accordance

with the procedure outlined in Appendix C.

{a) This was the Model 53271 DS Meter, manufactured by Myron L Cowpany,
Encinitas, California,

v roey
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3. Desalting by Precipitaﬁion
1. Introduction

A brief literature survev wes made in regard to the desalina-
tion of water by means of precipitation. Although several wethods were
menticned, for the most part they were fraught with problems of a chemical
or physiologiczl nature, or they did not lend themselves to miniaturization
in a survival kit. Howzver, two techniques did appear to offer possibilities
relevant to our application; these were:

e, Use of silver oxide to precipitate chlorides and
neu.ralization with citric acid. (U¥.S. Patent No. 2,322,689)

b. The Permulit Process, used {n marine survival kits for
desalting sea water. (U.S. Mtents 2,512,053; 2,600,719; 2,689,829; etc.)

Descriptions of these processes and the work conducted there-

with Gre preseuted on che following pages.
2. Precipitation with Silver Oxide
In this method, the groductfon of potable water is achleved
by adding silver oxide, 4g.0, to salt water to precipitate silver chlozide -
practically the cnly chloride inscluble in water - followed by neutralization

of the resulting sodium hydroxide with citric acid, EE(CGHSO?)’ to form hamme

less scdium citrate.
The resctions are as follows:

Agzo + 2 NaCl + H,0-932 AgCl‘ + 2 NaOH

i
3 Ma® 4+ ?.3 (66“507}'-.“83 (CéHSO?) + 3!!20
16
- - o e e A A — o A
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For removing sulfates, bartum hydrate, Ba((!l)z-Snzo (or

BaH, the shortened version), may be added to precipitate out as barium sulfate,

Baso,‘, in the following mamner: .

“vgso, Mg (o), §

BaH +  { Cas0, | emenBaso, l + 81L,0 + Ca(omzé
l'\ stsoa 2Na(OH

The products !{g(ﬂi)z and Ca((ki)2 are only slightly soluble
in water, while the Na(H is easily neutralized by adding an excess of citric
acid.

Au attempt was made in the AAI laboratory to desalt one pint
of synthetic brackish water using the procadure outlined abov. The step-
by-step process which ve planned to follow and the calcuilat{ons of the
chemical reactants required are given in Appendix D,

The results of this test (#P-1) -~ as wall as 21l subsequent
tests - are summarized in tabular form in Section III. A brief discussion
of this test, which cennot be termed successful, and pertinent observetions
follow.

Upon measuring the conductivity of the syntheric brackish

water prisr to treating, it was found to register spproximately 60G0 micromhos/

cn instead of 7200 micromhoafoxm ts pralicted. A~cording to the comversion

curve, this would indicete & TBS of 5500 ppm ac C&C03 {670C ppm predicted).
Thare are several potsible reasons for this varistiom:

1. Incawlete ionization ot cheuicsl constituents
(apparently only 82% dissociated).

aa
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2. Nonconductive impurities in chemical constituents (1-2% at
the most, according to analyses on container labels).

3. Errors in weighing constituents and measuring conductivity
due to orerator and/or accuracy of equipment., (Accuracy of analytical
balance and conductivity meter were 1 2.07% and + 0.47, respectively.)

Althcugh actually conducted later in the program, an atrempt
should have been made at this time to investigate this phenomenon and to
compensate £Or it by increasing the TDS to the predictec value (6700 ppm),
since the final weight of the desalting chemical required would be affected.

In any case, when the celculated quantity (2.35 gms) of silver
oxide was first added to the solutioa, the conductivity inexplicably rose
instead of going down. Additional increments of silver oxide (up to 2 grame)
caused the conductivity te¢ continue increasing (up to 7750 microwhos/cm).
The test was stopped at this point since there was no ready explanation as
to what wvas happening, and - in view of the time available - we werec anxious
to investigate other means of precipitetion. This silver oxide/citric acid/
bartium hydrate procedure, therefore, should serve as an interesting area for

future investigation.

3. Precipita ion by Permutit Process

During Worid wWar II, Permutit Company, Ltd. of England
developed a chemical met1od for desalting sea water by £1'ers forced down

at sea. In brief the chemical process consists of the fcllowing basic

reactims:

18
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2 NaCl Fazz }
a. Agzz + (:ac].2 CaZ +2Ag¢1‘ ‘
i 1
e 2J g

Silver aliminosilicate 1
{or silver zeolite)

b, A320 + 2NaCl + Hzo-oz AgCI‘ + 2 NaOH
Aﬂver axide tity of silver
included for oxide carefully con-
sUoplemental trollad to limit
chioride formation of NaCH and
reduction. resulting alkalinity.
{ uazsoa 2 NaCH
c. Ba(oa)z -8}{20 + !CaSOa ‘,-.BASOI“ + Ca((li)z‘ ‘
M50, | (8, | |

Barium hydratz added to
precipitate sulfates.

Its water of hydratioa is
apparently taken up by
large 2xcess of dry silver
zeolite during blending.

These basic chemicals - silver zeolite, silver oxide, and

arium hydrate - are compcunded together into briquette form and supplied as
cumponents in a kit for use in eaergency situatiorcs for desalting sea water.
Such desalter kits are currently merketed by Ionac Chemical Co., Birmingham,
Hew Jersey(‘) in accordanze with Military Specification MIL-D-5531. (See

zeproduction of advertisement in Figure 4.) Other constituents of the briquette

are activated carbon {about 0.2 gram) for taste and odor improvement, stearic

(a) One other known scurce of similar desslter kits is Van Brode Milling Co.,
Ta:., Clinton, Mays.; however, thie compeny wes not very cooperative in
giving (or selling) samplz quantities,

19
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Desrdeped by Sorae dunng Weekd War 1 amd stafl stazad
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A lonac Emergency Desaltmg Kit....

Makes Seawater

Drmkable
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Figure 4. Advertising Literature by Ionac Chemical Co. for

Exmergency Desalting kit
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Processing Rag ~ Cavttructed of regged tramtlocens,
waterpeook plastic. Sea and 32729 top closarr. Bailt-ia
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IONAC CHEMICAL COMPANY

Q A Division of Plaudier Permciit lac.
. Birmingham, M. J.

el USA  Tepyrddt: bhaw Chvmunsd Cenaguss 15963

AL ANM

Figure 4. Advertising Literature by Iomac Chexiczl Co. for

Exaergency Desalting Kit
{Continuad Irom Preceding Page)
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acid as a lubricant during briqueting, and bentonite clay as a disruptor to
disintegrate the briquette when irmersed in water. After trestmen. for a
prescribed perfod, the resultirz precipitants are removed by filtration and
the desalted water is then ready for drinking.

At the suggestion cf Mr, Carney of LWL - who supplied the
initizl briquettes for our evaluation - we investigated the application of
this material to desglting brackish water. it was assumed that the quantiiy
of chemical needed could be proportionately scaled down to remcve the much
lower concentration of total dissolved solids from brackish water (marly
1/9 that of sea water). For this purpose, the following simple calculatiocns
were made:

a. Weight of briquette = 67 grams
b. One briquette reduces TDS of 1 pint of sea water from 35,000
ppe as fons to 2,750 ppm, a difference of 32,250 ppm (according to informa-

tiod supplied oy Ionac Chemical Co.).

¢. We want to reduce IDS of brackish water from 4,150 ppm to

2,000 ppm, & difference of 2,150 ppm as ions (or 2,800 ppm as CaCO, (@),

(a} It 1» assuaed vemoval of fons will occur in 2 manner similar to that
described earlier for silver oxide/citric acid/barium hydrate method;
that is, ion concentrations to be precipitated out will be approximately

as follows:
ppa a8 Ion PPl as caco3
cl” 1515 2136
so,” §36 661
Total 2151 2787
Rounded Off 2150 2800

\
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d. Therefore, the weight of chemical (X needed to desalt 1 pint
of brackish water is found by setting up a direct proportion and solvi'g

for X:

X w 07 gms
2150 ppm 32,250 ppm

_ 67 x 2150

X = =32.250

= 4,46 gms

Thus, to desalt one pint of brackish water, 4.5 grams (rounded off) of
chemical should be required, or 9.0 gracs for oce quart.
To check out this approach, we conducted a desalting test using
one pint of synthetic brackish water and 4.5 grams of chemical in a loost or
powder form. The chemical was converted to powder form by breaking up &
briquette with mortar and pestle. figure 5 shows before and after versices
of such a briq;xette. Thus, the stearic acid and bentonite clay constitueits
remained in the powder although they took no part in the desalting process which
ensued. In this test (#P-2), after about 55 minutes the TDS was reduced from
‘a\inicial zeading of 5300 ppm as CaCO, (equivalent to conductivity of 5700
nicromhos/cm) to 3500 ppm, a difference of only 1800 ppm but sgignificantly
below the maximum allowable concentration of 3,900 ppe (i.2., 2,000 ppea as iom).
Accordiug to the separate analytical determinations made per
MIL~D~5531 of the sulfate and chloride before-and-after concentrations, these
ions wer. reduced by 540 ppm (940 to 40C) and 490 ppm (1280 to 730),
respectively, as ions. These values are equivalent to 562 ppm a&rd 691 ppam,
respectively, as CaCO_. for a total reduction »f 1253 ppm. Sinece the

3
conductivity method showed a reduction of approximately 1800 ppm (as Cacos),

23
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it would apgear ~ based on this limited data - that the desalting chentical,
in addition to removing sulfate and chloride fons, also removes cther foms to
the exteat of about 547 pom {f.e2., 1800 - 1252}. These other ions, judging

fron the chexical reacticns outiined earlier, vere most probably calciun and

magnesive, of which there vas a theorerical zozal of 899 pp= as Cacs3 {443 pp=
22"t and 451 pom ug ') initially present in the solutionm.

It {s significan? o note, however, from test #P-2 that (a} the
rexainicg sulfate coacentratizn (400 ppn 2= icn) was less than the allowed
axxiz=em of 500 ppmy, and (b) the chloride content was diminished by oaly 367
(-:--f:;%g; x 105), instezad of 1007 as assu=ed.

In a2 suhsequent test ZP-3%, the quaantities of liquis and
chenmical were doubled to one quart sad 9.0 grass, vespectively, %o observe
the effect of scaling up. This time, the TDS was teduced by 2,950 pp= (from
5,500 to 3,450 ppm) in just 35 >imres. Sulfate and chloride concentrations
were dacrezsed by 602 ppm and 650 ; am, Tespectivcly, as icns. Evidentiy,
larger quantities of the chexical Tcast consideradbly sore quickly and =ore

efficiently than smaller amounts. Of particular interest bere sxe the

finding of a greater concentration of sulfate jons than czloulated (1100 ppm
actual as cocpared ro 935 ppa caiculated) - vhizh canceivably raises a
quastion as to the validity of this method of znalysis - and (B} the ramovsl
of 49Z ¢f the chloride {ous.

The next test (#P-4), identicsl to €P-3, was ccaducted to check
reproducibility. HRere, the results were generally siamilcr in that the T0S

wvas lowered by 2,000 ppa as CaC0, (fro= 5200 to 3200 ppm), and the
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concentrations of sulfate and chloride ions removed, as ions, were 575 prm
and 610 ppn, respectively.

At this point, based on the relzatfively small amount of data thus
far collected, it appeared that 9.0 grams of the desziting chemical were
sufficicat to adequately desalt ons quart of synthetic brackish water in
30 minutes. 7To verify this procedure, ve conducted a desalting operation as
it would be performed in the field; namely, add the desalting chemical
(9.0 grams) to a czanteenfrl of brackisn water and agitate for 30 minutes, 1In
this test (#P-5), the TDS was reduced from 59500 ppm (as oaccj) to 3150 ppm,
a difference cf 1,850 pp. This result compared favorably to the earlier
tests, in addition to Jemonstraring that desalination can be accompliished
in the £icld in a relatively short period of time.

Since a tez-bag configuraticn was suggested as a possible means
of pacxeging and using the chemical, »e briefly loocked into this concept.

In test #P~6 a cvommercial type tea-~bag was emptied of its normal comtents
and f{liad with 9.0 grams of desaltiang chemical. The resulting attempt at
desalination did mot prove highly successful, however, in that the TDS was
reduced by only 60 ppa fas (.:6003} after 30 uinutes - less than on=~third
the reduction experiemced in icose form - and 790 ppm after one hour. In
fact, it was uecesszry to allow the Lreated witer to cit overnight with
agitation {by a magnetic stirrer) for a total of 17-1/2 hours ir order to
decrease the TDS below the desived raximmm of 4303 ppm (&s &6037:. Thus,

it is apparent thst teabag-type packaging is not advisable for this applica-
tion since it does not permit the intimate contact neceszsary betsecen the

reacting fons o accomplish precipitaticn within s reascnable length of time.
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The elimination of objecticnable odor and taste is another
desirable feature of the desalting system., To evaluate the effectiveness of
Ionac's desalting chemical in this regard - ir view of the presence of
activated carbon ~ we added 9.0 grams of the mater’ .l to a sample eof foul-
smelling liquid - contafning little or no dissolved solids - gsupplied by IWL.
After 30 minutes, the odor, although still detectable, was significantly
diminished. Although this result was encouraging, to reeily determine the
adequacy of activated carbon (or other materisls), it is essential to conduct
extensive additional tests with 2 wide variety of naturally occurriag odors
and tastes. Such tests, it is felt, shkould be carried out under close
medical supervision,

As indicated earlier, the precipitation method described here
depends upon silver and barium compounds to remove chloride and sulfate ions.
Sthould there be a low level of salinity - such as in slightly brackish or
frash water - the silver and barium fons thus introduced exceed the chlovride
and sulfate ions available and - because they have nothing tc react with -
remain free in solution. In such a situetion, the nm-filterable silver and
barium icns are taken internally when the trested water is consumed, This is

pozentizlly dangerous due to the physiological effects(a) of these chemicals

on the body.

(a) The repeated ingestion of silver produces argyria, an incurable gray

skin pigmentation; therefore, the U.S. Public Health Service limits
its presence in normal drinking water to .05 ppm. Barium, due to the

serjiousness of its toxic effects, is limited to 1.0 ppm.
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In the regular l{fe-raft desalter kit, which is Zesigned for
ccean use, there {& no probien in thiec regarsd due to the high ccacentration
of total dissolved solids (approximately 35,000 psm) in che weter.®) wien |
brackish water, however, the user - 0 a survival ecitcvation - has no say
cf knowing the salinity of the uater he intends to drink. Thersfo.-, it i3 -
important that scoe simple means of detecting or sessuring chloride and
sulfate content be provided to eaable t.2 user te datermine vhether or oot
te use a desalter kit and to wiat extent {i.e., wiiat gquantity of cheascaZl,
if any, to use). No activity was conducted in this regard at AAT since it

was considered to be beyond the contractual scope cf work.

Upon being advised of the foregeiag situarion, ¥r. Cstney {

contacted Tonac Chemical Co. and arranged for us to procurs & qusntity of

desalting chemical without barium nydra:egb ) Such satevial owicusly woold
not be capable of removing sulfiute foms. The presence of snifates in
drinking water, depending on the concentration, acts a5 2 catiartic to
produce diarthes and otiier inteszizal atl=ents. It is linited to 2350 ppm

by the USFHS.

fa) Major constituents, in ppm, of sea water are a3 foliows:

%' - 10,561 c1”T - 1538
Mg T - 1,272 56, - 2,99
catt - &0 me” - w2
+ . - 52
K - 3s¢ Az - &3

Others -~ 35

F

Total -~ 34

;
B

3

{b) The exact quantity of bariun hyifete - cr other conttitvents -~ mer
briquatte is unknowm since Ionac Chex=ical Co. comsiders this infcrms-
tion propriefary.
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4 10-pound lot of this epecizl material, identified as lot ro.
SA-516, was received i{n powder form; since no briquettes wera to be formed,
the lubricant (stearic acid) and distuptor (bentonite clay) constituents were
also omitted. This lol of materisl was intended for use later in filling the
desalter packets to be delivered to LWL (see Section 1I.D.).

Desalting tests (#P-8, P-9 and P~10) were subsequently conducted
with the new material to evaluate its reactivity. If certain assumptions are
correct as to the TDS removable by the new material - as indicated in
Table IV - then the residuel ion concentration should drop to only about
2306 ppm (as ion), which 1s above the required maximum level of 2000 ppm.

The continued presence cf thé sulfate ions, of course, accounts for this
condicion.

In the first test of this serics (#P-8), 9.0 grame of lot SA-516
chemical were added to one quart of synthetic brackish water and agitated.

It took just 15 minutes for the TDS to reach the 3600 ppm level (as Caco3) -
representing, in this case, a difference of about 2000 npm - and 60 minutes
to stabilize at 2900 ppm. Since the barium hydrate, lubricant, and disruptcr
were absent from the new material, it contained mcre silver compounds per
unit weight than the old chemical and therefore should reduce the chloride
concentration to a greater extent. Tnis was reflected to sore degree in

that a greater percentag: of chiloride ions {67%) was removed than in four

previous comparable tests (#P-2 thvu P-5), which averaged 497 removal.
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TABIE IV

ASSUMED VALUES OF TOTAL DISSOLVED SOLIDS
REMOVED BY LOT 5A~516 DESALTING CHEMICAL

Lo . PPM AS_TON PP AS caCo,

Before After Removed Before After Remcrred
ci 1515 ) 1515 2136 0 2136
soa' 945 945 0 982 982 0
catt 180 0 180 48 0 448
Mg 110 0 110 451 0 451
Na© 1126 1126 0 2455 2455 0
nco3’ 275 275 ) 226 226 0
Total 4151 2346 1805 6698 2663 3035

On the other hand, as might be expected, the sulfate ifon concen-

tration was reduced by a slight 157 (150 ppm a3 ion), whereas earlier tests

produced removals in excess c¢f 50%.

removed, considering the absence of barium, cannot be emlained at this time.

The phenomenon by wnich even 15% was

Since some discussion occurred at this point concerning dessxlina-

tion in quantities of one pint instead of one quart, the next two tests

(#P-9 and P-10) eachk consigsted of adding 4.5 grams of new material to ome

pint of brackish water.

In both cases, it tock spproximateiy 10 minutes

for the TDS level to drop be’ow 360 ppm (as CsCO3) and 35 minute3 to
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stabilize at 2750 and 23C0 ppm, respectively. The sulfate and chloride levels

were not determined.

In view of these results, the jot SA-5106 precipitating chemical

was packaged as described in Section 1I.D. for delivery to LWL.
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C. Desalting by Ion Exchange 1

1. Introduction ;

Basically, the ifon-exchange method of desalination makes use

of porous regin materials to exchange their ions with other ions contacted in
water containing diseclved solids. In this process, two groups of epposite
chargea may be combined together to form “mixéd-bed" resins, which are then

used to draw off certain positive-charged cations and negative-charged anions

to preduce relatively fresh water auitable for drinking purposzes.

L v

Ion exchange operations may be carried out as sither a columm
or batch technique. In column operations the ifon exchange resin is placed in l

a vertical culumm to form a bed. The solution to be treated is flowed

through this column, with the exchange rzaction taking place until a target
endpoint is reached. At this point the resin, if exhausted, may be regenerated
for use in ancther cvcle; that is, have its activity rejuvenated by repiscing
those icns absorbed from the solution with ions f{dentical to those originally
in the resin.

In batch operations the iom exchange resin is sirply agiteoted
in & vessel together with a given quantity of the solution to Le treated,
When the target eadpoint is reached, the trezted solution is removei by
decanting or filtering, and the resin regenerated or discarded, Since batch
application can be more easily and quickly handled in the field, we limited

our investigation to this particular technique.
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To illustrate how the ion exchange process works, following
are the basic reactions for removing sodium and chloride {ons from salt water
(R = nua-active portion of fon-exchange resin):

a. R +Na® +Cl —wgRNa® +H'

+c1”
b. ROM™ +H' +Cl —eRCl™ + 1,0
c. ROH +het +cl—eRC1l” +Ha” + "
2. RH 4N+ OH —epRNET + Hy0
At the start of our investigation, we were presented with
szveral candidate ion exchange materials by Mr. Carmey, vho had obtained

them as representative sampics from their respective manufacturecs. These

materials wvere as follows:

ITEX MANUFACTURER

Amberlite MBE-2 Robm & Heas Co.
A erlite IRR-150

Dowex 44
Dowex 30WX8
Dowex 1X8 Dow Chemical Co,

Mixture of Cowex
SO0WY8 and 1X8

In additicn, we contacted varfous ccmpanies active in ion-
exchange work and/or water treatment to obtain s_:ate-of-the-srt infcrmation
on brackish water desalinaticn by ion cxchange methods, The following nine

companies were solicited {n chis regard:
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COMPARY

PERSGNS CONTACTED

Allied Chemicsl Corp., Specialty
Chemicals Div,., Morristown, K.J.

Diamond Shamrock Chemicai Co.,
Redwood City, California

Dow Chemical Co.,
Midland, Michigan

W. R. Grace & Co., Polymers & Chemicals
Div,., Cambridge, Mass.

Graver YWater Conditioning Co.,
Union, M. J.

Ionics, Inc., Bridgeville, Pa.

National lead Co.,
Baroid Div., Houston, Texas

Rohm & Haas Co., lon Excnange Dept.,
Philadelphia, Pa.

Union Carbide Corp., Molecuiar Sicve
Dept., Moorestown, N. J.

R.

D,

c.

L.
V.

G.

J-:
N.

B. Jackson
A, Javes
S. Parks {N.Y. Cffice)

J. Lefevre
Crane (Saddlebrook, N.J. Office)

Jo. Pomer

levandusky
J. Nitei

Ron 3chmidi

R.

E. Oifeman

R. W. Percival

Y. Wolf

In essence, we learned that because of the expense of the resins and their

regeneration, the process of brackish water desalination by ion exchange

has received very limited commercial attention to date. ZFertunately,

regeneration is of no importance in our application because of the one~

time, throw-away use associated with suatvival type operations.

A~ a result of the various iou exchange resizs considered, we

selected two systems for furthér - though limited - study during this

program, These materisls are identiffed az follows:
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MANUFACTURER CATION ANICN
Diamond Shamrock Puolite C20X10 Duolite A7

{Chemical Co.

Dow Chemical Co. DOWEX SOWKS GOWEX 1X8 ebteaded)

Their selection was based primarily upon the high capacitv
which they offer. Capacity, expressed for our purpcses in terms of milli-

equivalents per gramx or meq.lgzs.,(“) represents the jfon sbsorption ability

possessed in varying degree by ion exchange materials. It is calculsted in

the foliowing manner:

Capacity = Milliequivalents (=€q.) of iom to be removed
PACILY ¥ Wt. of ion-exchanze material required for removal

Wt., of ions to be reaoved
Meq. =

vhere: Equivalent wt. of ion

x 10630

Thus, it may be seen that the higher the capacity, the lower
the quantity of ion exchange material required.

The capacity values of the selected Diamond Shamrock and Row

materials are as ‘ollows:

T e
Duolite C20X10 3.1
Duolite A7 S.1
DOWEX SOWXE 4.8
DOWEX 1X8 3.7

.

(a) Capacity mar also be expressed as kilograins per cubic foot, pound-
equivalents per pound, miiliequivalents per milliliter, etc.

(7]
(8]
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Tne utilization of these materials in our investigation is
described on the following pages. This investigation, it mmst be pointed out,
was admittedly brief in view of the limited time and funds available and the
increased emphasis placed on the precipitation method. A summary of these
test results and a discussion thereof are presented in Section 1II.

2. Ion Exchange With Duolite Resins

The Duolite resins, C20X10 and A7, were recommended ard
supplied for our use by Mr. C. S. Parks, the East Coast “epresentative of
Disnond Shamrock Chemical Co. Duolite C20X10 18 a stroug-acid cation in H'
form with an affinity for Na+, GaH, ard Hg'H' ions; the rerm YXi0" indicates
a resin copclymer with 10Z cross-linking. Duolite A7 is a weak-base anion in
O~ form with an affinity for SO, , C1~, and HCO,” ions. Some typical
properties of these resins are given in Table V.,

The “starting point” quantity of resins selected for our
initial test (#I-1), using one pint of water, was a blend of 3.25 gms.
C20X10 and 1.8 gms. A7, determined as shown in Appendix E. The procedure
followed for this test, as well as related subsequent tests (#I-2 and I-3),
is also described in Appendix E.

In test #I-1 - as in all other tests conducted ~ the
conductivity of the synthetic brackish water fell substantizlly below the
calcuiated value of 7200 micromhos/cm.; in this case, it was 5700 micromhos/
¢ - equivalient tc a TOS of 5300 ppm as 63003 = or about 89% of the predicted
leve:, This indicates, amoeg other things, incomplete ionization cf the

dissolved solids and should be taken into account in future studies,
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TABLE V
PROFERTIES OF DUCLITE RESINS C20X10 AND A7
C20X10 A7
Property @' Porm) (o~ Porm)
Chemical Classification Strong acid Wesk base

Functional Groups
Matrix

Physical Form
Mesh Range

Tonic Form Normally Shipped (May
Be Regenerated to Other Forms)}

Capacity: Meq./ml. (Wet)
Meq./gm. (Dry)

pH Range

¥aximum Temp., °C

Specific Gravity

Moisture Retention Capacicy, %

Nuclear, sulfonic
Polrstyrene
Beads

16-50

Sodiux

5.1
0-14
150
1.30

48

Secondaxy amine
Phenolic
Granules

16-50
Salt

2.4
9.1

0-14

1.12

55-62

Source: Duolite Data Leaflet No. 2, "Ion Exchange and Adsorbent Risins -

List of Products, Their P-operties and Uses", Dismond Shamrock

Chemical Co., November 1370.
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The addition of the iritial 5.05 gms. of ior exchange resina
reduced the TDS, after 14 ninutes, to only 4800 pp= (as coco3); our goal wvas
3200 ppa. Therefore, additionel increments of resins were added until the
latter value was reached. This required = total of 17.05 gas., sdded over
a period of 60 minutes in 8 increments of 5.05, 1,0, 1.0, 1.¢, 2.9, 2.0,

3,0, and 2.0 graas. Unfortunately, the sulfate ifon reduction could not be
deternined due to a test maifunction. However, a reduction of 180 ppm as fon
(from 1230 to 110G ppm), or 14%, was determined for the chloride ions. The
pH value dropped fraom nearly neutrai (7.7) to a highly acidic 2.0, indicating
a sour aste to tie wvater. Although the pH of potable weter is not patho-
logically significant, same invescigation should eventually be =made as to the
acceptabiiity of drinking acidic watar,

In the next Cest, #I-2, ve again used one pirt of water but
added & larger initial quantity of rexin, 12.0 graas, with the intecnticm of
2dding more if necessary. It wvas theorized that 2 relatively large amount of
resin added at ocne tine would produce more efficient results than the smll
incre=ents employed {n test #i-1. This proved to be correct ia that the T0S
reached its goel of 3200 ppm (as cnce3) in 30 minutes and eventually
stabiiized at 2800 pp= in 55 sinutes. Therefore, wo additional quantity of
resin ves needed. The rulfate fon concentration wes reduced 825 ppm as ion
(from 1050 to 225 ppm), which was 87Z of the calculated amount. This time the
chloride reductisn was 55%Z (1266 to 57C ppm as ion), attesting to the
increzsad efficiescy of this procedure. Again a very low pi value (2.35)

was obtained, wiiich appears to be representative of this reaction.

("]
(A1)
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The final test (£I-3) with the Duclite resins involved u ful:
Juart of brackish water, to vhich was sdded 24.7 g, Of the CZ0X10/A7
aixture. The test was stopped after 50 =minute: when the TDS dropped below
the 3200 ppa (as Cscos) level but befoce stabilizstion occurzed.

Inasmech 2= the feasibility of this resin systen for desalting
vater has row been demoustrated, it is felt that additional study {3 werranted
in order to - smcng other things - cptizize its weight o achieve stabliiza-

tion at the desired DS lewvel.

3. Izn Exchange With DGEX Resins

A aixture of DOEX resin, 508XS 2nd 3X8, wvas submitted for
our evaluaiion through ¥r. Carney of LMWL by ¥r. L. J. Lefevre of vow
Chenmicel Ce °s Technical Sevwice and Devalspment Department. DOMEX SOWX3
is a strong-acid catica in !@!* form, vhile DEETX 1XA is 2 strong-base anion
in G form. Table VI presents sone typicel properties of thece resius.

The resin mixture uas supplied zc us in four 4-ocunce
bottles, each of vhich war suppcsedly suffic’ent to treit one quart of
water containing 5,000 ppam NaCl {calculated as Cal0 ) snd reduce its salt
level to 500 ppm or les. . Gooseguentiy, no calculations were required on
our par? in determining the quantisies to be used. The oix ratio uas
rcported as 38 gs. SOMYS tro 52.6 gm, INB ir the wet state, equivalent to
1.35 parts 1X8 to 1.0 part 5(0XR,

In the initisl test (#I-3), the procedure consisted of tha

following simple operations:

3%
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TABLE VI

PROPERTIES OF DOWEX, RESIRS SOWYS AHD 1X8

500X8 1x8
Property G!+ Form) (0H__Porm)
Type Strong-acid cation | Strong-base anion
exchanger exchanger
Copolymar Styrene-DVB Styrene~DVB
(DVB = divinylbenzeae)
- +
Active Group -S().2 =R (CE3)3
Standard Crosslinkage, % DVS 8 8
Tonic Form Hormally Shipped (May | Ne@ or B  (o-se | ci”
Be Regenerated To Other Forms) resn); HY (all
other mesh)
|
Faysical Form Spherical beads Spherical beads
Standard Mesh Size, Wet 20-50 20-50
Effective Size, M 54 51
Shipoing Weight, Lbs./Cu.Ft. 50 44
wWater Retention Capacity, 7 47-50 43«48
Effective pH Range 0-14 G-14
Order of Selectivity for Ions Monovalent: 1’>N03>3:>c:>
AP CORDISNE, > Acetate>Ci>F
NoBLL
Divalent:
3>-SOCo L
Mg>Be
Capaclity: Meg./=ml. (Wet) 1.5 1.4
mq.]Fo (_DZ')') l‘os' 303
Kgr. a3 cacc>3/f:.3 39.2 32.7
Thermai Stabiliry, °C 150 50

“Source: Form No. 176-1080-69, 'Ge-eral Properties of Staadatd DBWEX Ion
Exchange Resins," The Dww Chemical Co., 1969.
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a. The wet nmixture, having & weight of 81,45 gma., was

vacuum dried ts a constant weight of 66.6 gna {for an 387 weight loss).

Applving the sbove retic of 1.39:1.0, it wis assumed
that the individual weights of the dried ccoampcnents were 38.5 gms. iX8 and
27.8 gme, 50WX3,

b. The dried mixture (56.6 gms.) was &dded to one guart of
synthetic brackish water and agitated,

c. Conductivity resdings were taken after Z end 5 minutes
of mixirg.

d. Sulfate and chloride determimations were made of the
treated water after filtering.

Surprisingly. the results reveal that the IUS level denrwased
drastically from 5400 ppm as Cac03 (untreatad condition} tc 410 ppm after
oniy 2 minutes, and less than 100 ppm sfter 5 minutes, These values were

considerably beloe the meximm goal of 3200 ppm, ®) indicsting chat the
mixture was composed of 2 large excess of icn exchange materisis.

The sulfate and chloride levele were reduced by §57 and
98%, respectively, to 50 ppm and 20 ppm.

In an effart to fird the minismmm material needed to desalt
to an scceptable level of 3200 ppm, in the next test (#I-5), iU-gn. incre~

ments of the dried amixture were added to the solution until this ¥DS value

(a) It is assumed, for convenience, that the ion concentrations theoretically
removed by the DOWEX resins are essentially the same as those removad
by ihe Duolite resins ang shown ip Table XII (Appandix E).

41
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was yeactied, Three {ncrements were Tequirel for a total of 30 g=s.; incre-
mezits #2 and £3 were added zt 13 minutes and Z5 minutes. The finai readizg
of 200 ppes wes obtaizned et I8 =inutes (although stabilization had nor as
yet taken plasce).

In the £im2l est of $niz zeries (FI-6), 35 £w. of the driad
=irture were added s{zmitanecusiy te 8 fusrt of brackisi: mater. 2s expectzd,
the conductivicy immediately decreased, finallr stabiiicing at e reading
equivalant to 2499 ppo THS afrer 17 ziinctes,

As with the Tuolite resiwz, addilfonzl work apoeirs 3jostified
with this highly promising DOMER Tasin coabinstion o atrive at the =infmee

weight required for effective d=sslinstion,
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D. Delivered Items

Fer delivery to LWL, in fulfillment of the contract, {t was
mutually agreed between Mr. Carney, the Project Officer, and AAI that the
number of desalter packets eventually asgembled and furnished would depend
upon the status of funds remaining at the time of delivery. As to the
contents of these packets, based on the limited deveiopment work conducted
and reported upon, it was tentatively decided that esch would contain ..0
grams of Ionac Chemical Co.'s lot SA«516 desalting chemicai (that is,
without barium hydrate) in loose foxm. Each packet was intended to desalt
one quart of brackish water to the specified level (except in regard to
sulfates) in accordance with a prescribed procedure.

The packaging material, as recommendéd by LWL, consisted of
heat-scaled vapor barrier paper made up of two layers, 172 mil mylar on the
outeide and polyethylene on the inside. Arrangements were subseguently made
with a supplier of this material, Continental Can Co. (througn i%s local
representative, Mr. A. W, Scholp) o obtain on a no~charge bazis sufficient
material {identified as C79 blend) to produce at least 400 packets. At this
time, for planning purposes, it was estimated that the size of each packet
would be approxirutely the same as that (2-9/16" x 3-3/8") of the water
purification tablets already a part of the survival kit. A large rcil of
the msterial, 3~1/Z inches wide, silver in color and with green advertising
matter preprinted thereon, was recefved or. ¢ August 1971 from the Mt. Vernom,

Onhioc plant of Continental Can,
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For identifying the packet and comveying necessary instructions
and precautions -~ as well as to mask out the preprinted advertising matter -

a label wzs devised bearing this pertinent information. This label, initiated
by AAL and spproved by Mr, Carney, was printed on pressure<sensitfive, adhesive-
backed paper for affixiug to both sides of the packet, as {llustrated in
Figure 6.

The final configuration of the packet, as stipulated by Mr. Carney,
was a two~-coupartmented closure, f£olded cver and hecac-sealed on three szides,
with another seal down the center to separate the compartments (Note Pigure §)}.
Bach compartment holds 4.5 gzs. of chemfcale, enough to nominally d=salt one
pint of brackish water, or one quart if both compartments are utilized. A
set of labels is attached to the front and rea: of each compartment. A notch
iy also providad on one edge of each compartment to facfilitate the opening of
the packet,

The present label, by the way, impiies that the contents of each
compertment will desalt one quart (rather than one pint)., This confusing

.tuation arose becauge the packet and lahkel were botli originally intenced
for use as onee-quart unite only. However, when the change was made to the
2-compavtment packet - to provide greater rlexibility and to mske it easier
to stow in the survival kit - the labels were already printed and., therefore,
left as is rother than reprinted at additionul expense.

At the end of the program, there were sufficivnt funds rexmining
tc cover the preparation c{ 100 dual peckets, =nough units to deszit 100

quarts or 200 pints. Conmsequently, this number of packets was ass¥mbled,

MY s s,
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packaged, and delivered to IWi. uu £ September 1971. Figure 7 depicts the

packets arranged in their shipping carton ready for delivery.

It should be emphasized that the packeta delivered at this time
were intended to represent a concept only, not an optimized package. For
example, a significant reductfon in the volume of the packet could be
realized by compressing (i.e., briquetting) (a) the desalting chemicals. With
this in mind, a comparison follows of the weigh® and volume of 12 actual

packets versus the limits specified in the Scope of Work:

SPECIFICATION ACTUAL DIFFERENCE
Weight of 12 packets, 3.0 5.6 + 2.6
ounces . - .
Voiume of 12 packets, in. 3.0 20.5® +17.5

Thus, it is seen that the specification has not been met and
that additional R&D effort is necessary to enable the desalter packets to

meet or exceed the prascribed weight end volume limitations.

(a) It is interesting to note that the wilume occupied by Iorac's briquette
is approximately 427 less than the same weight of material in pcwder
fora.

(b) This volume represents a stack of 12 puckets measuring 2-9/16 in. wide
x 3=3/8 in. long x 2-3/8 in. high.
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I1I. SWMARY OF TEST RESULTS
A, Test Data
1. Precipitation
See Table VII.
2. 7Tom Exchange
See Table VIII.
B. Discussion of Results
1. Precipitation
As a result of compiling and carefully analyzing the test data
for this report, it became apparent, due to a shortcceing in our test pro-
cesdare, that the present guantity of Ionac chemicals (9.0 gTams) may de
inadequate or, at b2st, marginal for desalting one quart of brackish water,
As pointed cut earlfer in the text(page 17 ), and further
indicated by the appropriate data of Table VII, the conductivity before
treztment rever, in any test, reached the calculated target value of 7200
micromhos /cm. « {equivaient to 3700 ppm as 06003). In fact, the average
conductivity measured for 9 applicable tests was 5700 micromhos/c». (with
a rsnge of $,480 to 6,000), 217 lesa than calculated. Nevertheless, for
desalting purposes, we considered the job done when the conductivity was

reduced to at least 4300 micromhos/cm. (equivalent to 3900 ppm ac caco3).

@ Tanis figure reoresents the concuctivity of the synthezic brackisk
water when a3l ingrelisnts arc fully fonized, as shown in Table III.
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1 SIMuR? T SFRALTIRG TESTS
F Y PRECTRITITION VETHOOS
] CARCTIVIT IOTAL DISSOLVED SOLIDS AU OATE 1% COMSENTRATION SALRI
yesT i wl. &¢ pH AICRVLHES SO.) (2% AS CALLUILM CARMEATE) (PP AS 150 \
@ WSERIPVIN oF TEST CIIMICALS ]
@S, [reRs [ arTER EFCRE ATTER PEFORE AFTZR DIFFERENCE U380 AFTER | DIFFERENCE] 2Zrcer|
TAFLET VALLES ——w -7 7.8 L.O-110 7200 430 6200 3900 -2200 “. 300 . -636 1515
P-1 jreeciplratica by vse of Sélver Hot i 16.7 5000 7750 5500 7200 +1200 mot recorded | —— not
cilrer oxide &nd barfca xide-2.3%8 re- when (Aen test fuhrn test \
hrdrate o ! pint of Keslc.) K xrded § est stopped) ctopped) 3
Srackiak vater, paric stopied
kyduu-
b 0.5
(calel) { H
72 | lezac chreaizals (n 1 pint I
’ hrackish water 4.5 1.7 3.1 $700 31900 300 3500 -1200 9s A00 LA 1220
P-3 lotisc chemicils in 1 euazy <. 7.8 8.7 €00 3isot 5500 3550 -1a3¢ 11~ 09 -$00 1335
3cackis? water; to see if
quastity froa prerious test
cs2ld Mo soaled wp.
Pl | Toude chemfcals in 1 gquart 9.0 2.7 .3 5600 31500 3200 3200 ~2000 L2y 425 575 1200
azeckish water: repeas of
TSl eP-3 .,
=% }iomac caenicals a2 } quactt .9 7.8 3.6 5290 3L<n 00 3159 -18%9 a0t pecorded -
Yrazkach water: 231tated
for 30 ain. {a canteern,
T
P }lomac cheaticals packaged in %.0 7.x 8.2 60009 3100 1 30 wt1 5500 199G 2 ID afrg -600 L 720 ~22% 1300
tea=3ax axd plaved {n 1 Quars L2200 2 17% 380G 3 I8 nin.
brackisk water. hoTs 7% hres. 1700 3
17y hrs.
-7 ilomac chemicalz #dded to 3.0 7.3 7.5 220 275 18 70 . 5¢ act  recorded -~
1 quatt of water sample
supplied dy L contaized
= and sedizent; very
odoriferous. Not brachish,
P=8 :lonzc chealealz {n 1 qoart .0 7.9 8.9 00 150 000 2 <20 j 2% -156G 13190
Sracs {sh vater; to check
nrvly aTeived lot Sk-3516
=steTlal {vithoul darias
hydratel,
P=2 1ot SA-516 Tonte chamicalz 2.5 20t recorded 5300 100 000 225 QAN "l recarded Pl
fa 1 ping brackish water: 2o
check T{me Tequireld for
desaiting.
?-10 {Sa=we as Jest #7-9; .8 aot rooonded ] 2700 000 2300 2703 =~t recorded -
suppoTeing danA.
1
P-li jSpectal test in which extra s o-emi 7.4 3500 5200 5200 2309 ~. L 19
%€l w3 44ded 20 1 quart - 5.0 -om °.6 7200 2250 6700 190 ~2800 i
hvead ish vater > {acTease 1%.0 |
trnizial conductivity to 2700 H
sicTavhos fen, !
T -7
f
1
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— e A eTeRATDN CHLIRIDE 108 CONCENTFATIN APERAT,
) [Sed N Gt (PP AS 18) e To
i ] ‘ FIAL TX et
FERENCE = TRTER DIFFEPELE|  sTFoRE AFTFR DITFERISCE N MINY
10 &, e 636 13333 ] -1535 - 3n
~ + tecorded -ea not  recorded 1 eee S-172 Hos. w03 . A220  added {anltially, conductivity weszt =3, 844'l. A0
) 4¢d2d in .5 za. lncresents and conductivity coatisosed golog uwp.
‘ H Simce tasr d1¢ 20t preguce predicted result 12 was stopped zefore
! azy bariu= hydrate vas added.
i !
1
) ]
, ! Tozal ) foszd by
‘ ' . , Total v, ot .3 e, prevatisz drigoet {acrmally 47
A - i =5%0 1280 i 7%0 ] %0 » &= ./51n¢) to ge frma 315C to 2000 prm as foa. briguet soraally
‘ Ladors foun 39,000 to 2740, —
50 11 A i =600 1330 i 680 ~530 3% Chr={cals L2442 {n bald at | tine.
' i 5 .
- ! 3 —
H t
5 I 25 -578 1260 i 5% 10 10
S it recorded - Pt recocded | e 30 To s#e {{ shaking {n cantecn for )0 min, resclts {a desired
\ T8 level (%0 pm maxl).
; §
a .. 20 =224 1362 H a5 ' -3 $7-377 453, Tea-bag configuration Soes amk 2ppear to provise esagh tetimste
Inin. . ; conract of cheuicals to prazote precipitatiocn reactlom.
2 H H
Fobrs. ! i
<0 <t zecorded .- aot recoreed .- <3 Sazple contaterd little or no salt. Dtfffcclt to filter wsing
varica {mprurited nethols (cloth, sandage): f{litrate contained
ted siiver vaich gave 42 ppetizing apo .
os « 835 -150 13%0 ‘f ady i -e0 B New mlerial does not 2ppear to react as fast a3 forme: Ioaac
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]
| |
’ H
3] rat  recorded e- fnst Tecorded -— 3s
~t T
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1
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Thus, comparing this end point with the calculated and actual ‘before”

AL - a_

values, the differences in conductivity after treatment - together with

corresponding TDS valnes - becomes:

Conductivity (micromhoe/cm,) TDS (ppm as CaCO3) ]
Before After (pifference Before After §Difference
Calculated 200 4300 2900 6700 2900 2800
Actual l 5700 4300 1400 5200 3900 1360

These figures indicate, therefore, that 9.0 grams of Innac's
precipitation chemicals should theoretically reduce the total dissclved solids
by only 1300 ppm instead c¢f 2500 ppm. Although this divergence appears
serious, the situation is nol quite zo bad since the "after" conductivities
of our earlier (4) tests (on which the selection of 9.0 grams was bazed) were
ail less than 4300 wicromhos/cra., av=raging 3700 microndios/cm. (3309 ppm);
this represents an average difference of 2000 micromhos/cm. (5700-3700) or
1900 ppx: (5200-3300}.

Then the question arises as tG just now much toczl dissslved
gsolids in terms of ppm as ion (not calcium carbonate) remain in the brackish
water after treatment. Taking as an example test #P-4 -~ which gave the best
results in terms of TDS reduction - and analyzing {t to determins the TDS
remiining, we come up with values of 1993 ppm or 2049 ppm (az icn}, depending
on which of two assvmntions (Method A or Method 3) is applied. 4 tabuintien
of the data considered in arriving at these figures is given in Table IX.

Since the method usec is rather complicated, a complete description will not
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be given here. 3Suffice it sc say, however, that the charges ia so: and C3°
concentrations ave hazed cu actual oeaspvrements, while the ardes of ca’ and
Plg'H' Temoval (@) is arbitrary. Appavrently, little {f anv Eon3°ami at iocrs aze
remwved., Thus, it ic seen that the TDS remmi=ning iz the brackish vater
treatad with 9.0 grame of the old Ionac chemical {i.e., cmtajzizg batiux
hydrate far sulfate remcval) is marginal in regaré to meeting the requirencn:
as stated in the scone of work.(b) Rith the new Icnac chexicax, «hich is nmor
fatended to remove SO, , the TD5 reomining, based on test #P-8, wes 2050 ppm
or 2082 ppn ‘as ion). The reason the figure was not higher, considering the
virtual absence of 50“. Tamoval, Was that this chenicsl is nmore eifective
in C1~ removel {by abcut 52Z). Table X presents a compilation of tne data
pertaining to test #?7-8.

Now, as to wh2t should zave been done Zuring tetting; 28 scen :
i% was realized that the actual conductivity of a psrticular solutior was
not at cthe calculated level of 7,200 microshos/cm., ad3itional dissoives
solids should have teer added to the solction until this ievel was attgined.
This counld most easily = come by sdding sodiue chlorice.

In raconsidering cur spproch o the disaltisg probles and what
additional quantity of chemical, if &ny, =ight e required, we ran a Zesg

{€P=-11) involving the above procedare. The comdoctivity of the brackish

{s) According to the reactions for tne Permutit Frocess ltee page 13 ),
the oa.v othar 1om prezipated oot ~ in sadditiom to se axé C1”
are Ca*t anc %g

(2]

TDS must be reduced to 2,000 ppm or less,

PO




TABLE IX

ARALYSIS OF PRECIPITATION TEST #P-4 TO DETERMINE
TOTAL DISSOLVED SOLIDS REMAINING AFTER DESALTING

Original Amount (PPM) Removed {PPM) Remaining (PPM)
fon | As um, Gm. | A8 Um. {§ AS um. | AB fuﬁ% Cum.
Ion f{Ion [CaCOy £aCOy | Ton jIon § CaCl4CaCOj | Ion | Ion aCO3 CaCn
5o, 1000} -~ fhoso | -- |75 -- [s98 | - p2s®) -- fas2 | --
b1 h200%k200 lies2 732 | 610 fuiss |seo hass boo@hors |esz hova
vETHOD A(S’
ca | 180 p3so |448 Biso | 180 |13es | 448 J1906 | o w015 I o fzs
Mg 1110 paso | 4s1 besr | 23 fhiss | 94 pooo |87 [frio2 |357 pest
tco 275 p76s |226 pes7 | == |- | - |- P75 J1377 |226 fres7
@ 616 pist haws p200® -- |- § -- | -- 16 @EaEIhzes p2oc®
beTHOR B9
ve | 110 R316 | 451 bies | 110 fi2es |as1 fioos | o fiors | o jro7a
Ca | 180 paso |48 Be3l | 37 ji33z | 91 pooo fa3 128 | 357 feat
co, {275 k765 |226 pssz | - |- | -= | -= p7s |43z {226 hssy
a |616 p3s1 h3as ‘5200’\"9J N [P R Ele f§§§§] h363  h2od®)

NOTES:

(a)
(b)
(c)
(d)

These values actuslly cdetermined by analytical tests.
These values actuslly determined by conductivity meacurements,
Method A assumes that all Ca ions are removed prior to Mg fons:

Method B assumes that all Mg ions are removed prior to Ca ions.
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TABLE X :

ANALYSIS OF PRECIPITATION TEST #P-f TO DETERMINE TOTAL
DISSOLVED SOLIDLS REMATINING AFYTER DESALTING

T W ———

{_Original Amount ( Removed (PPM} Remaind p
Ion Tam: ] X8 TN . 1T B o g o p
i Ion | Ton §CaCO03§CaC0y ) Ton § Yon | CaC0O3jCaC0sf Ion | Ion. ] CalO3} CaCO3
e L
' so, 975@") «- tw1s ¥ -~ |isuy -- 156) -- 825(‘*" -- | 858] --
, .
| cl [1390%%2365 | 1960 J2974 fo3u {1080} 1312{1468 Jue0®'1285 % 648 | 1s0¢
] %
{c
sETHOD A
4
Ca i8c § 25451 448 [3422 180 j1260% 448i1916 | o fr285) o 1506

Mg 110 | 2655 ¢ 451 §3873 45 § 1305 18412100

o
e

1350 267 J1773

ueo, | 275 2030 226 Jaoss | -~ - | -} -- z7s Juezs| 226 | 1999

r na | ars)ases| sor fsooo®| | -« 1 - | -- feis JEEER 901 | 2900®)
wezHop B}

y

Mg 110§ 2475 § 451 §3425 110§ 1190 § 451 j191¢ 0 } 1285 0 f1506
* ! Ca 180§ 2€55 ) 448 §3873 73§ 1263 § 181 {2100 J1G7 ] 1392% 26711773

}{C03 27512930 § 225 14099 - -- -- f -- 275 ] 1667 § 225§ 1999

-] -] - s 901 } 2900

ya | 415)3365] 901 5000“’}

NCIES :

{(a) These values actually determined by anzlytical tests,
(b)Y These values actually determined by conductivity measurements.
{(¢) Method A assumes that all Cz ions are removed prior to Mg ioms.

(d) Method B assumes that all Mg ions ave removed prior to ta foms.
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water sample originally checked out at 5600 micromhos/cm.; consequently,
additional NaCl was slowly added until a reading of 72G0 micromhos/cm. was
obtained. This required 1.5 gms. of sodium chloride, which when added to the
2.50 gms. already in the solution (see Appendix C) gave a total of 4.0 gms,
Then, 9.0 grams of new Ionac material were added - at which point the con-
ductivity dropped to 5200 micromhos/cm.: additional material wce added until
the conductivity stabilized at 4200-4300 micromkos/cm. This required 5.0
gms. of material for a total of 14.0 gms. (9.0+45.0). Tcral time required was
80 minutes.

This test, of course, leaves several questions unanswered which
require additional investigation. For i{nstance, what would be the increase
i efficiency - in terms of both quantity and tim2 - in adding the entire
amount of material to the solution at one time? This shouid conceivably
reduce the weight of chemical to something less than 14.0 gms. and the time
to ccampletion to somewhere between 30 and 80 minutes.

2. Iou Exch.nge .

The same situation existed with the ion exchange study as

previously described for the precipitation tests. Here again, the conductivity

levels before treatment were considerably below the target value of 7,200
micromhos /fem.; in fact, they averaged 5700 to 53900. No sttempt was made,
however, to increase the conductivity with NaCl to see how much additional
resin, if any, might be required to reduce it to 4300 microwhos/cm. This,

perhaps, could be done at some future time. As a matter of interest, an




analysis was made of test #1+3 - using a technique similar to that used for
tests £#P~4 (Tabie IX) and P-8 (Table X) - to determine the TDS remaining
after treatment. The results are shown in Table XT.

It will be seen here that the final TDS of 1584 ppm (as ion)
was significantly below the maximum allowed value of 2000 ppm, which indicates
that the ion exchange resins are very effective in removing dissolved solids,
e of the factors contributing to this nigh degree of removal, however, was
that the conductivity after treaiment stabilized at 3000 micromhos/cm. rather
than at the target value of 3600 micromhos/cm.

In actuality, our investigation with jon exchange resins,
although highly promising, has been too limited to enabie us to render final
conclusions. However, tie most encouraging factor in using the ion exchange
method is that it avoids any problem of toxicity caused by the presence of
silver or barium, as is the case with the Ionac precipitation chemicals. Any
unreacted resin - such as due to low salt content - is easily removed by
filtration together with the spent resins, leaving virtually no unappetizing
looking residues.

The weights of the various resins resulting from our tests are
by no means cptimized. Further reactive studies are indicated in regard to the
tulk addition of materials. Furthermore, improved drying should be capable
of removing more moisture from the resins than we were able to accowmplieh.

We managed to achieve up to 187 dryness, whereas the manufacturers clain
that 257 {8 reasonable. (Although wet resins retain about 507 moisture,

further drying beyond 25% may result in a decrease in ion exchange capacity.)
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TABLE XT '

ANALYSIS OF TON EXCHAXGE TEST #1-3 TO DETERMINE TOTAL
DISSOLVED SOLIDS REMATNING AFTER DESALTING

<_40r£glna1 Amourt (PPM) |  Removed (PPM) 1 Remaining (PPM)
Ion(ai As Cum. |As Cum [As Cum. |As Cum. jAS Cum. {As Cunm.

Ton |TIon Jcactyfcacoszlion |1on |cacos|cacos|ion |Ton |[cacosfcaco,

so, moo@i - hose Vew 225 - |8sg |- lizs® - lis2 | --

c1 |120®zz00 l1692 |2732 | 480 {1305 | 677 |1535 }720®] 895 li015 |1197
Ca 180 [2380 | 448 ]3180 | 180 |1385 | 448 lw9sa | o |s9s | o he7
Mg 10 2490 | 451 3631 | 110 J1s9s | 451 feasa | o {s9s | o li1e7

Na 738 13278 11719 535()(‘:] 99 11694 § 216 |26506 689 128&] 1503 2700‘:)

Notes:

, (a) 1Ions arranged in order of affinity for ion exchange resinz.
i

t : (b) These values uctually determined by analytical tests.

(c) These values actually determined by conductivity measurements.
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Although not mentioned heretofore, a definite odor is acsoclated
with these fon exchange reactions., It may best be de-cribed as a f£ishy =zmell,
which is probably due to the presence »f amines in the anfon sortions. The
inclurion of activated carbon or other deodorizirs may be necessary for this
reascn.,

3. General

a. Filtration - Although filcvration of tiie effluent liquid was
not within the contractual scope of work, we do have a couple of observations
to offer in this regard:

(1) Commouly availabie materfalr (e.g., shirt, handker-
chief, bandage) are not effective as filters since they 3o not remove ich
residue; for this reason, a special purpose filter should be provided in the
desalter kit.

(2} The treatad solution, after filtering, may retain
an unnztural (o. dirty) appearance; the user should be werned of t>is
eventuality.

b. Turbidity - The turbidity of & sample is tle reducticn of
transparenczy due to the presence of suspended particulat: matter {such as
clay, sud, algae, silica, etc.). The standard method fo~ the deteminatiorn
of turbidity {s based on the Jackson candle turbidimeter, which gives readings

in terms of Jack~on Turbidity Units(a) (JTU's). The U.S. Public Health Service

(@) According to literalture issued by Hazk Chemical Co., Amez, Iowa,
manufacturers of turbidimeters, the unit of teurbidity excxrasziom is to
be changed from the Jackson Turbidity Unit {JTY) tc the Formezin
Turbidity Unit (FIU); the units are intesrchangeshlz.
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standard on the turbidity of drinking water is 5 JTU's or less; LWL's
scope of work calls for the brackish water fo have a turbidity of 65 JTU's.
Actually, no investigation was conducted during this program
on turbidity and {ts effect on the removal of dissolved solids by either the
precipitation or ion exchange method. This was attributed to our inability
to find a supplier of suitable equipment for thies purpose until near the
erd of the program, at which time a lead time of 30 to 45 days and a price
of $§345 were quoted. Consequently, in view of the limited time and funds
available, it was decided to omit *":is particular area of investigation at

this time,
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., CONCLUSIONS AND RECOMMEWDATIONS ;
A. Conclusions

N In accordarnce vith the scope of work, an investigation was
conducted into the dezalting (i.e., removing a prescribed level of dissolved
solids) of brackisk water by means of precipitants and mixed-bed ion exchange

resins.

2. Within the limits of our test procedures, it was found that

the necessary level of desalination in one quart of brackish watexr (the
brackish water, in this case, being a synthetic rather than natural solution)
could be accomplished within reasonably shor. periods of time by approxi-
mately 9.0 grams of precipitants or 24-320 grems of ion exchange resins,
These quantities, although questionable to some extent, nevertheiess represent
the megnitude of the materials required for this purpose.

3. The preci~{tant3 veferred to in item 2 ara marketed &s a
proprietary blend by the ionac Chemi.a> Co. They react in accordance with

. _ v

the patented Permutit Process W o rcmove, theoreticaily, chloride, sulfate,
calcium, and magnesium ions.

. The two pairs of mixed-bed ion exchange resins investigatea
were Dicmrad-Shamrock Chenfcal Co.'s Duolite C20X10 (H' form)/A7 (Gi~ form) anu
Dow Chemical Co. s DOWRX 30WXE& ( H+ form ) /7 1¥8 ( &1 form ). These are high
cepa:ity materials capable of removing sodrum, calcium, magnesium, sulfate,

chleride, and bicivbonate ioms. all of which constitcte the disscolved soviids

of the synthetic brackisn water.

{a) For descripiirn, see page l8.
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5. All of the above materials, although possessing certain
inherent limitations, would be suitable choices for this application in view {
of their high reactivity, simplicity of use, and reasonably low bulk and
weight,

6. In terms of overall consideration, however, it is felt that
the ion exchange resins offer the be:ter choice for the following reasons:

a. They are more highly effective in both sulfate and

chloride ion removal,

b. They present no toxicity problem if left unreacted in
the solution.

c. They are easily removed by filtering (with cloth) and
leave no unsightly residue.

d. They are substantially less expensive.
Although theii reactivicy (f.e., TDS removed per unit weight) is less than
that of the nrecipitants, it is believed that, through furtier rasearch, this
can be improved upon by petter d=ying and by optimizing the catlon/anion
ratio of the resins as well as their final combined weight required to reach
the desired lewnct of dosalinatien.

. The tea-bcg concept, at least as far as th: precipitation

method i{r concecned, is rot a satisfactory reans fcr achieving desalination

since it does not permit the reactants to make the necessary intimate contact

required to complete the reaction proumss.
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8. The Ionac precipitation chemicals, which contain activated
charcoal, demonstrated the deodorization of malodorcus natural water to a
reasonable degres; the ion exchange resins, on the other hand, generate their

oun distinctive odor. which should be removed for aesthetic reasons,




B. Recommendations

1. The development program conducted by AAI was,admittedly, a
very limited one in view of the time and funds svailable. Considering the
important nature of the product involved - drinking water - a much more
exhaustive investigation is warranted to develop an cperational desalter kit.

2. Based on the effort completed to date, we feel that the ion
exchange concept represents the more favorable solurion to the subject appli-
cation; however, we recommend that further work be conducted on bhoth systems -
ion exchange and precip tation - before a final dezision is tendered as to
vhich method to incorporate in the desalter packet.

3. Specifically, we recommend that furrher investigation be
conducted in - but not necessarily limited to - the foilowying ereas:

a. Precipitation Method
(1) Perform tests over complete calculated conductivity
rangs (7200 micromhos/cm. reduced to 4300 micromhos/cm., calculated in terms
of calcium carbonate) tc optimize the weight of precipitants required; this,
in all probatility, will be a figure between 3.0 and i4.0 grams per quart.
Use additional sodium chloride, if necessary, to increase che initial con-
ductivity to the stated value (i.e,, 7200 micromhos/cm.).
€2) Provide means for derecting concentrations of

chloride and sulfate ione in water prior to treatmernt so as tc prevent
adding overdose of compuunds containing potentiaily harmful silvevr and barjium

ions.




b. 7Ton Exchange Method
(1) Perform tests over complete calculated conductivity
range (7200 micromhos/cm. reduced to 3630 micromhos/cm., czlculated {n terms
of calcium carbongte) to optimize the weight of resins required. Yse
additional sodium chloride, if necessary, to increase the initial conductivily
to the stated value (i.e., 7200 micromhos/cm.).
{2) 1Investigate means of deodorization, particularly in

regard to those odors caused by the presence of amine groups in the reains,

{3) Zavestigate low pH values resulting from use of
Duolite resins; this may require supplementary use of a buffering material to
increase to a more desirable ievel.

(4) oOptimize the ratio of catiomn to anion =3 well as
the final weight of both ingredients required for the desalting process;
this study should take into consideration such factors as bulk addition of
materials, degree of dryness, grinding, etc.

<. General

(1) BDevise adequate filtering method for field use to
make desalted water appear reasonably attractive for drinking.

(2) Investigate taste of brackish water following desalt-
ing, treating with purification tsblets, and final filtering; this stucy, for
obvious ressons, s'iould bte performed only under close medical zuperviaion,

(3) 1Investigate effects of turbidity (st levei of 65

Jackson Turbidity Units) on the desalting process,




(4) Investigate means of providing optimized packaging
of the desalter kit in terms of minimum s;eight and volume; this should
‘ encompssg such areas us configuration, drying, compaction, package materizls,
sealing, etc.
(5) Alrhougk the use of synthetic brack’sh water is
‘ . entirely acceptable for preliminary investigative purposes, a substantial

ruumber of tests should also be performed with naturai brackish water -as part

of the final desaiter selection process,
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APTRRIX A

Directions for Model 1114

h!
Direct-!eadins Portadle Conducstivity anc Tin Heter

Genie.al Re=marks

The Model 1114 Direci-Rending Conductiwity Meter is completely portable, ard
sernits hoth Conductivity and TIS (Total Dissolved Solids) messureseats ¢o ta
zade in the field. 1t is also ideal fur use ir the plant or lud, shere
grounded solutlions i tanks or process streazc cculd nel otherwise be
peasurad,

The irstruzent is heoused in 2 szpll sturdy zetal housiag which =2lss conlairns
a re-chargeatle nickoi-cadmiaz battery. A foaz-lined carrying csze of
che=ical-resistant snd water-repellant &35 uiastie is avziladle, The case

can ocoTsodate the instrument aad coaductivity probe, 25 well as a
thernmscter, and is idea)l for field work, and tc protect the insirusment in the
rlarnt or lab.

The Hodel 1114 is rugred yet sensitive. Give 1t the sa~e care you weald as=y
fine instrumeat, Frotest it fres heawy shocks, excessive scistere, sirsag
cids and alkzlies, and from direct solar radiaticn, and it will gire lomg,
trouhle-free service.

Cperaticn of the Inztirument

-

1. £Lheck ti~ zechaniczl movement of the roter. Tha zeter needle shoulld
coincice »ith tha iine of the black zuzter 3 and of the red I oa th:
=ecter scale, If nacessary, adiust ts this sosizioa by turniag th- slottsed
screw at tiebdsiten of the seter housing, while instrement is in tle "off™
mitimo .

2. before coanectiny the truoe cable jacks tc the two termizals zarked "Cell™,
rotate the right-zand control gointer to the "Cilibrate™ positicm. (3If
probe catle is already cunnected, resove the iscks befcre thiy step.)

3, ‘Then rotste the Loft-fasd knod untii the seter needle points to the gresn
spot at the extreze right-kand end ol the meter scaie, 7The instroTzeat
is rvady fo use,

e Conract the two iacks of the conduciiviiy prodbe cable to the (w0 lermumaus
marred "Cerl%,

certain that the soluiicn oavers %ae platizus saasurin’ sarizces
Sompletely. 7Try mater needle will rise above the nlagk fifare 0 ca the
scaie,

.

S5¢ im=arse tue conductivity grode into the sclutics Yo de measured, Eaxing
n
”,

w ¢b 9T
y %

6. Turn the range-control switeh {righe-hard pointer know) clockvise =
the =eler needis coses 20 £r3t at 2 value i the rizks Rall of the zeter
scuie. (Tais is where the full assurasy 27 inctruzent is dest stilized.)

4]
o
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7+ Multiply ilhe meter reading by the range-control switch value to obtain the
result in conductivity as micromhos, (The red figures refer to the red
J scale, and the tlack figurez to the biack scale,) Example, if the meter
points to the line correspending to a,readinz of 7 on the blgck scale, and
) the range-control switch points to 133, the ancwer is 7 X 107, or 70C0
micromhos. A novel feature of the Model 1114 Conductivity grobe is that
the cell constant has been adjusted to be exactly k=1,00 cm ~, so that nc
mathematical adjusiment or correction has to be made to convert the
measured conductance tc specific conductivity, and readings are direct in
terms of unho/cm.

Note: Read section on "Care and Replatinizing of Probe", und take care
never tc let probe electrodes bescome dried out. Also, the platinum-black
is very sensitive to certain substances {e,g. concentrated sulphuric acid,
supersatvraced solutions, suspersions etc.) In measuring such substances
check the nlatinum-black irequemtly.

{ 8. Check the calibration from time to time, but be sure to remove the cable
Jacks from the terminals during this step.

9. Turn the range-control switgh to "Off" while not using the instrument, to
conserve battery charge,s NOTE -~ The Conductivity Probe should be
immersed in distilled water when not_in use. During field use, use the

» rubber cap to keep the tip immersed in distilled water when measurements

are not being made., (If distilled water is not available use as clean
s:mple as is availadble, to fi1l the rubber cap, since this is better tnan
allowing the platinum electrode to dry out). Raturally the cap must de

H removed during calibration or measurement,

10, Recharging the Battery -- After appro.imately 45 hours of continuous use,
the rechargeable battery is exhausted. The green calibraticn check-point
cn the meter scale can then no longer bte reached when calibrating. The
battery should be recharged by means of the No, 1114C Charger, as follows:

1. Firmly press the niniature plug of the Charger intc the recepticle on the
front-edge of the Model 1114,

12, Turn the range-control switch to "Recharge",
13, Connect tne Charger to a line volitage outlet (110 volts, 60 cycles AC).

1%, Allow the Charger tc operate for 14 hours (overnight charging is
coavenient).

15. Then turn the range-control switch to "Of{", and rciove the charger plug.
The instrument is then again - 2ady for measurement,

6%°F

Tezperature Effects -- If the conégctivity measurements are made at a
texperature different from 20° C, for highest accuracy thz results should be
torrected with a coefficient of between 1,5 to 2,3% per °C, depending or the
substance being measured. A ccnvenient average figure is 2¢ per °C. This is
to be deducted for samnle temperaturss over 20°C. and added ior temperatures
below 20°C, Many users prefer co briag their sample temperatures to 2CG°C in
a witer bath, if possible, to make exatct corrections unnecessary-

L 67

PO




—— -

Care and Re-platinizing of Conductivity Probe electrode surfuces:

The Model 1114 Conductivity Probe has platinum electrode surfaces. These are
covered with platinum-black, to avoid disturbing polarisation., It is important
to kezp the eiectrode surfaces under distilled water when they are not ir use
in order to kesp the platinum-black active, and to keep the cell constant
stable, I{ the surfaces should ever dry out completely the platinum-black

may crumole away and the cell constant may become unstable, The probe should
then de replatinized, by coating it with platinum-black as follows:

Costing the electrodes with platinumeblack: If necessary the platinum-black
layer may be renawed as follows:

1, First strip off any remaining platinum~black by dipping the electrode
surfaces in hot nitro-nydrochloric acid (Agua Regia),

2, Then dissolve 1 gm platinum chleoride and 0.0l gm lead acetate in 30 ml of
distilled water, Dip the electrode surfaces in this solution and, using
an adjustable resistor of 1000 ohms, regulate the currant ¢f a 2 to 6 V
battery (connect both electrodes) so that an even formation of gas
develops (20 mA per square cm of electrode surfacel), (4 special
Conductivity Probe Piatinizing Instrument is available, as is the
platiniziag solutiun -- write for details.) The electrcdes are not
consumed, because the pilatinum-black is suppliad by the solution. The
sslation should be renewed from time to time, After having finished the
1 procedure rinse the electrodes in distilled water and then purify thea in
water, which had been made conductive by adding one dron of diluted sulfuric
acid. After S minutes reverse tha current source and electrolyze the
electrodes for an additional S5 minutes, Then rinse the electrodes in
distilled water again, ard keep the eiectrode surfaces under distilied
. wvater when not in use, If desired, the conductivity probe may be returned
to the factory for replatinizing.

§ Determination of the cell constant k: The cell constant K of a cell can be

checked, or determined by conductivity measurements »f solutions which have
an exactly determined conductivity.

For measuring cells with « k near 1.0, a 1/100 normal KCi-solution is
particularly suitable as a calibration liquid. For cells with a considerable
Ligher cell constsnt a 1/1C normal KCl-solution is also suitatle. To prepare
a 110 Normal ECi-seiution, disaclve 7.UC gm driad analytically pure XCi ix

a 1000 mi volumetric flask and dilute to 1000 ml with distilled water. The
1/10 nerzal KCi-solution should always be prepared fresn from thiz basic

solutior by diluting it 1:10 with distiiled water.
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The table telew showe the ceaductivity (e) of the sclutions at differernt
temperatures:

gfg 1/10 normal KCl-solr. 31/100 normal KCl-soln.
15 0.01048 - 0.,001147

16 0.01072 0,001173

1?7 0,01095 0.001139

13 0,01119 0,001225

19 0.01143 0.001251

20 0.01267 0.,001278

i 0.,01191 0.0G1205

22 0.,01215 0.001332

23 0.01239 0,001359

It should be teken into_account that the conductivity of ordinary distilled
water is approxe 1 « 10 7 mhes/cm. This corductivity shculd be added to inc
values specified in the table in the event of using the 1/i00 normal XCl-
solution., To determine the cell constant k, dip the probe into the soiuticn
in question after having rinsed it thorcughly several times, After reading
off the tempasrature, measure the conductivity of the solution. The cell
constant k is calcul-.ted bacsed on the table values of the conductivity being
in accordance with the measuring :emperature as follows: k = ¢/mho.

e - A e——
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SPCIFIC COXDUCTANCE to TDS (TOTAL DISSOLVED SOLIDS)

Specific
Conductance
{zicro-mhos/cm)

<109
«200
«300
400
«5G0
«600
«700
.800
«900
1.00
1.20

e o L]
©°°8888883%8

=
N O NS\ N =
)

-t
1S
L ]

o

16.0
18.0
20,0
30.0

o~ -
YU

Conversion baser on a temperature of 25°C (78°F).

CONVERSIOR TABLE

Total
Dissolved

Solids
mg/l CaCOz

.083
<164
246
328
411
493
«575
.657
7240
.821
.985
1.15
1,32
1.48
1,64
2,46
3,28
4.93
6.56
8.20
9.80
11.1’
13.1
1".8
1601‘
2k .6
5?—.8

——" | amns

Total
Specific Dissolved
Conductance Solids
(nicre-mhoa/cn) tng/1 CaCO,
€0.0 kg,2
80.0 65.6
190, 8.c
120. 98.1
140, 115.
160. 132,
180. 148,
200, 165.
300, 251,
400. 340,
€00, 515.
800. 686,
lQOOOQ 865.
2,200. 1,035,
1,400, 1,210.
1,600, 1,385,
1,800, 1,565,
2,000, 1,740,
3,000. 2,670,
EO,OOQ. 3'6‘*0.
6,000, 5,540,
8,000, 7,450,
10,000. 9,430,
i2,000. 11,580,
14,000, 13,580,
16,0C0. 15,700,
18,000, 17,800,

For absolute conversion

at other temperatures, add 2.3% per °C for temperatures below 25°C, and
sudtract z.3% per °C for temperatures above 25°C.
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APPENDIX B

PROCEDURE MANUAL
DELTA SCIENTIFIC MODEL 50 PGRTASLE LABORATORY
IMPORTANT

For the highest possible accuracy, each Modsl S0 Portable
laboratory is individually calidbrated in the Delta
Scientific calibration iaboratory. The calibration charts
in this Handdbook are intended for the instrurent beaving
the same serial nucber,

PRINCIPLES of OPERATION —- Over the years, chemical tests have been developed
wvhicn cause a color reaction to occur in water when a sazple is treated witk
the reagent. These reagents are specific for the chomical determinntieon
being m2de. Such tests fall into twe distinct categories:

COLCRIMETRIC, in which the intensity of the color for a known
amount of reagent, is directly related to the guantity of the
substances present in a given volume of sample. A photozetric
device knovn as "photometer" or "colorimeter” often is used to
feasure the intensity,

TITRAMETRIC or VOLUMETRIG, in which the color change ozcurs
abruptly as the reagent is slowly added to the sanmple. Since
the reagent is a kncwn concentration, measuring the amount of
1t necessary to cause the zolor change in a given veolums of
sarmple, gives a direct indication of the ascunt of the substance
present in the sample,

COLOSINSTRIC TESTS ~- In the Model 50 Portable Laboratory, the tests for
froaire, Chlorine, Coprer, Iron, Manganese, Nitrate, Nitrite, Pnosphate znd
Pclyphosphate are done colorimetrically, and the color produced by the
chenical reactions are measured by a unique, Simple and foilproof, hattery-
cperated photcelectric color measurirg instrucent, called a photozeter. Ao
huzman cclor judgement is necessary for these tests. The phctcmeter sccotion
consists of a long-life battery, a prefocused btulb, a holder for the test
cells, and a sensitive and reproducible photocell. Plastic holders contain-
ing accurately designed percanent glass color filters are interposed in the
lignt beam. Each thotomeiric test gives instructions for exactly which i3 to
L, oielle Thise glass S6lor filleis du.we B0 accanbuall Wie phuiliollen '
a»ility tc seasure mirmte color differences, which could sot possitly be
judsed t7 the human eye.

In tre Deltz Scientifie calidratiorn laboratery, —2ry accurate standaré solv
tions are chemically treated “y the exact test procedures contained in this
£zrusl, The ceter readings obtained for each test are carefully ploticd o~
Lire calibration grapns. Hodern advances in eleclronics assure the cowlinuwu
si2bility of these calibrrtious, Since the photozeter is thus pre-culibraicl,
the user car quickly ard accurately perfocrs a te:rt serely by treating his
sazples a3 directed, and reading the test rasult directly frow the indisv.du~
ally preparsd caiibration chart.
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To perform a test, a sample of the water to he analyzed is taken. One of the
test cells is filled with a gortion of this sample and the cell is insertced
into the photometar. The light ceam passes througa tnis celi and ciauses the

meter needlz to move. The adjustaent knob is turu=d until the aeter reads "0,

A second portion of the sazple is treated with reazent in accordance with the
detailed instructions givea for the specific test cing made. The gecond cell
filled with this treated sample is substituted for the first. Tke needle will
oove to a new setting directly related to the inte=sity of this color which

in turr is directly related to the concentration af the substance beirg
tested.

The meter reading is noted and comparison with the chart instantly and
accurately ahows the azourt of the substance prese=t in parts per sillion
(or pd) without any necessity for computations or conversions.

Treat the Model SO as you would any fine scientific instruxent. With proper
care it should give many years of accurate and reliable coperation.

TITRAMETRIC or VOLUMSTRIC TESTS -~ The tests for acidity, alkalinity, chinride,
caiciue hardness, carbon dioxide, chrosate, u2rdacss, hydrogen sulfide,
sulfate, and sulfite are vclumetric or "drop count™ tests. Thes~ are per-
formed by adding one reagent to the Specimon, and simply counting the nuzber
of drops of a second reagent requirsd to cause a ccolor change. The color
change is sharp and easily seen, These tasis are not performed on the
photoreter, but directly in a Plastic Sample Tubde.

GENIRAL REMARKS -- Test cells should be kept clear iaside and out and the tast
procedure should de followed sxactly for accurate test results. If the calls
becore badly sociled, soak in warm water contairing soap or detergents, but
then rinse very thoroughly with deionized or distilled water, to remove all
traces of cleaning chemjczls, before using, Wipe the outsidc of the cells
before izserting intc ihe photcceter, DO XOT' SUBSTITUTE REAGENTS OR CELLS

OF ANOTHZR MAKE OR TTPE.

Never place the scocps 5o an unclean surface such as soiled table top, etc.
Instead, in order to avoid conta=inating the reagemt, always replace the
scoops in their lholders x= socn as they have been used.

&

SASENT STABILITY -- Csp all reagent tottles szugly after use. Like most
chemicalis. the reacents sncull ba kes? fros extrisc tezporatusres, amd inc
case cover should be kept clocsed 2o protect reagerts froc extended exposure
to strong sunlight, for maxisus reagent 1i®s. While reagents properly stored
and tightly capped can last for yeats, it is godd practice to replace those
over a year old. Prices on regquest.

DHOTOMSTER INSTRUCTIONS - Check that meter zeedle points to 50 when bduttion
suitch is wot pressed, If not, sdjust to 50 by retating the screw in the
neter cover directly over the meter pivet.

Tse czly Mo. SO-T Test Cells. ¥hen perforaing a test, fill the cell at least
tc graduation zark. Celis sust be absolutely clean, dry, and fre2 of finger
rarks before being inserted,
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icdel 50 lamp is used veil below its rated voltage, and its replacexe:.t
1l ve extrumaiy infrequant. GHowever, ghould t>e laey need to be repisc.:!
is available in its own prefocused solder, «ith directioas, under article
o 50-L. 3attery and lacp 1ife will be areatly exteided if the push butlon
evizssed cnly while astually meking a reading.

2 N
3

8"&‘:15.?

d

D¢ not operate photozeter instrument with filizr holder ¢ of its slot.
Zeplace tha "C! batiery when it is rot possitie to set meter to lerc whern the
¢ell containing aatreated saaple is inserizd in the instrumcnt. Whez

realccing baltery observe the polarity sxaiings on the battery and on the
ttery holder,

¥nen photumeter has not hesn ised for consideratle Zime, or unit has teen in
the cold, the peter needls will move very slovly whén the ditton switch is
first pushed down, However, merely coantinue to hold down urlil mete~ swings
to desired pusitiou. Thea, on furih~r use, meter newdle xili respond more
quckl

ACIDIT]

Read Gezeral Insizuctions at begianing of this vooklet vefore procesding for
the firs: tice.

This test is designed to deternmine firaral Acid in water occuring ism =izo
drainags, vastc @fluents, streams. ronds, lskes, etc. It is deterszinzd by
adding measured azoust of a stardard 21ksli tc 2 Szasured sexsple until an
arvitrary 8 is reached as indicated by a colar chasge of am “ppropriate
indicazer.

1. Rinse the Kc. 8 Plastic 3amzle dube with t'.e water bzing testsl sad ¢
£fill exactly to tke ~ark., {The curved murface nr mesiscus shouid be
exactly even with ths maride.

2. Add taree drops of Reagen® No. 4 R-€4S Total Alkalinity Izdicatord. If
the saxple is gween it is alks:ine; 3{ red jr is acid. 1 acid sda
Heagent No. 12 (R-723F Stanierd Alwali drop by drey (keae2p ceunt of drops
used) from the vertically keld drojzer bottle, mixiug By swirlipg ustil
the red color charges % green. An interzed’ate gray C€oilr i appear
but cantisue addition of a“¥aii to the first trace ot 'reen Fach drop
reccired is egual 20 10 parts per millicn ipma; of sinerel a3id in teros
of sulfuric acis.




ATEALINITY

Read Geantal Instructions at beginaing of ihis bawklet tefora preceeding for
the first time,

Preparation of sampie -- Turbid samples sheuli be Tiltered tc remove Lcale,
eldgz, cust, etc,, brfore making tests. The .n¥y timz filtration is
inadvisable i - when v.ry accurate results arc ¢esired is determining caustic
alkalinity by titrating in the preseace «f phenoi_hthaleiz., In such cases
filtraticn may cause changes in the cauxi’~s contert. To make & filter foid
a circle - filter paper exactly im half and fold zzain to jarters. Opan
the folded paper 80 that 2 60 degree aszle cons is fornad with three thick-
nesses of paper on one uide and 2 single thickneac on tae other. Adjust the
paper to fit the fumnei, moisten with the sample snd presx down tightly to
the sides of th~ Zunnel. Fill with the sxmple, but not qu:ts to the top.
The water going through the filter >aur be collectes .r the No. 2 SO ml
Erlenceyer Flask, or in any clzan bottle, Discard the first sample that
flows through the funnel.

1, finse the Mo, 8 Plastic Sazple Txbe well with the clear scmple and thexn
£111 it to the mark.

2. Add 2 drops of Reagent No. 3 (R-638 Puenclphthaleir), If the sample has
P alkalinity, as s usually the case with boiler waters, it will tura rad.
If the sample is & raw cr 2a2ural water, 1% will usually remain colorless.

3. If the test sample is red, a5 Reageut Noo 5 (K-687 Standard Sulfuric Acid)
a drop at a tiuwe, mixing well aiter zach drop. Keep track of all dropc
added 2nd always hold inverted dropping hottle in & vertical position., 1If
held at another argle the size of the drops willi vary. Continue urntil the
last trace of rad color disagpears -nd the test sample becomes colerlesz.
Stup and recori the puzbeir of dreps of Suifcric Acida required, as the ?
reading,

L, Add ! drops of Reagent #o. ¢ (R-645 Total Alkalinity Indicator) and mix.
The color wi:i be green. [Festze the additlca ol Heagent No. 5 (R-687
Stsadard Sulfuric Acic) drop by drop with mixing until the color changes
to red. An intersediale grar coior may sppear but continue addition of
acid urtil ti.c first trace of rad. HRecora Th= total numbe~ of drcps uf
£:i5 adled to the test sample as the T reading. (Note that the T readirg
slways Ircludes tha ¥ readingl. If ns rad color develcpx on the addition
of Phenolphtlizlein, the Total Alxaiimxl; I dicator is adled a7 .m.e A
52 T sitraiisn sarrisd sut &c asave.

it is custcmary o cz.¢nlate alkaligity as calcinm carbonria, 530 thovgh

scne mxy U's present, 80 as to lave a unifora basis. In thiz test each dres

of Reagent 5 (R-687 Standard Sulfuric A:cid) is eguivziznt to 1C parts per
ziilicn of calciva zastansts, It is preferable Lo exgrass ke vexu™ts of
the 2i%alfnity detersination ia ti.zs of P and T alkalinity. Results »==
so~stizes caloulated in terms of bicarbonate, csrbonate and hydrate cn the
assu=ption 450% ti¥roilom o0 the P endpoint is equivalext 3¢ t2e hydrate snd
on> half the carburate slkalinity, and that the “Etraticn to T is eguiveles?
to the total alkalinity. Many factors such s the presence of phosgpnate,
siiira, organic and other buffers, hodevar, sioct thic titrztics aznd the

calculatian of the form of aikalinity present Eay be in error. 3Imser ‘oIl.:

circurstanses and in plant coatrcl, expression of resulls as P ard T

alislinity is ontirely zatisfactocy and is (o Se proferrzd [ro3 e stand-

poict of aizmailcity. The results of both titratiuns ars friquently ricsoded

az a fractias, P/T.
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BROMTNE

Pead Gersral Iostrv “img at beginning of this booklet beforz proceading for
tiie first “ime.

1. FRlter nolder should b3 *vsectad all th~ wsy into slol, eo t! at blue dot
or legend "C1" l~ces unwand,

2, Fili twe ciaam, dry No, 30-2 Tesc Calls to the ourk (10 ) with sxmple o
be tﬁst.d-

3¢ Add 12 crops o2 Rsagest ¥o. 35 (R.3C Criho-tolidine heagent) to one of the
test solix, Kote ths Riwy,

he Cap both cells aud 1asert “%¢ sme to wish resgen. ws aaded, - mix the
ceagent and sampie toovougkl) .

Se Fivx minuies sfter stey 3, trgert thw cell noc conalr.'wg re: geat 1 to the
protaxelar, Press red Sutton meited. 2ad turn Inod to o0t meter tc J,
Then prow‘lr ralease buttos swnatek,

6. Reaove cell and replace with o1l canstainizg sample t~ which veages® was
#44c3. Preas dutton, and vhex Sete> needls coras to rest, sead reter
value, Cbtain test result in perts per aillion RROMINE di~ecirly fro=
graph. Do not toucr kmod adiustzment ia “his stepc To extand range, sec
Note A. To extend 1iies of battary, reles=2 push butiar promptly, as sci:
a8 reading has been {e2xex. Clsas cells and Taps thorcughly after use, anc
allov 1o dry.

BROMINE in TUSBI) (Cloudy) or OUIORSD WATER

1. Filter holder shouid be inasr ed ail %2~ wey inte the slct, s« that “lue
dot or legerd YC1"” faces upwarid,

2., T111 two cl=an, dry En. 50-T Tsst Cells %o the mark (1C =1) with asasgle to
be te~ted., To e cell, ¥hich will be caliled the "blank", add 2 droz:
Rezgent 3, 4B (2<69 0.5% Sodiva Arsenite;, snd 12 drops of Reagent No. 38
(R-30 Ortho-tolilide Feagent). I=mediately add 12 drops Resgent No, 30
to tha gecond zell, which will be called the Taninowm". Noite the tinme,
quickly zap both cells and invert to aix comients thorcughly.

3. Fill 2 thira ¥est Cell wi’h clear acd zclarless aistilled or tap ‘ater,
and cap the cell. ‘Imserd thia gcell irtoc the photosciere Premd the
button =witch, ard tarn ksob to zal seter to G, Then prowptly relexte
tae buttor switch.

&, Five minutes after noting tizs in Step 2, inmert "biznk™ zell, presc
button to odtain sater reading, and gat correspcading "bLlasd™ result fres
Ryu-rine calibration chart. {==ediatedy ssplase soli w5ih "znime. U ouill.
press cuttoa Lo cobtair meter reaiing, ard gei correspinding "unkuowu"
result froe calibration chirt. Do not change ¥icd adjusiment in this
atep. To obtain firsl test result in ports per zillicn residusl hro-irs,
suotract “hlank resuil from "usicown™ rezilt. To extexd range, s
Naote A,

¢ srtend life of battery, relsase pusk button pronptly, &€ sooa 8s
reading bas beern takea. Clean celis azd caps thoroughly afizr use, #i?
allow to dry,

2

Note 2 ~— To cuver higher values, Jilute the saspie wiild zerc~thloriane-<lel.t
azt¢r or with F-30 Ortko-tolidine Reagent, and 3ply resalz by dization
factar. For example, ir 10 ol ss=ple is diluted oo 30 w1, =uidiply

L Wi sw ™~

resuiz by S0/10, or 5. Howsver, use ondv 10 =l diluted mazple In Stz Z.
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fAead Ceneral Instructions at beginning of this booklet before proceeding for ‘
the first time. ‘

This test is designed for gquick determination of Calcium Hardness in water
under field conditions. Rsliable results as high as 200 pra are attained
particularly if the saople to be tested is fizst filtered to remove scale,
sludsa, iron rust, etc. Reageats and calibration of the No. & Plastic
Sample Tube are arranged sc that each drop of Hardnes=s Reagent used to
produce color charge {end point) is equal to 10 ppx hardness in term~ cof
calciua carbanate.

1. Rinsc the No. € Plastic Sacple Tube with the sample to ba tested azd fill
it to the rmark (bottom of the curved surface or zepiscus should be level
with the L'ark}o

2. Add 16 drcps of Reagent No. 17 (R-£53 Calciurm Buffer), mix and add 1
dipper (in cap) of Reagent No. 18 (2-654% Calcium Indicator), =ixing
gently to dissolve tha powder,

3. If Calcium is present the sazple will be flucrescent greez -- if absent
purple. If gresn add Resgeat %o. 19 (R-583 Hardness Reagent) drop by drop
(k223 court of drops used) mixing after each addition. Always hold
dropper bottie in o vertical position. If held &t another angle, size of
drops will vary. <hen saaple turns froz grees to purple, esch drop ci
reagent s2guired to effect the change resresents 10 pr= of hardaess {zs
caiziuw carbonste).
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CARBON DIOXiDE

Read General imstructicns at begincing of thim bocclet before proceeding for
the first tize.

This test is designed to quickly detsrsine the fres carvon dicxide (COZ) of
water being used for drinking, ir boiler feeds, cooling systems, swimsing
pool, and of water occurring in thes natural state in streams, lakes, etc.
The test is based on the additioz 9f standard sodfuz carborate 25 a saxpls:
of water in the presence of phenolphthalein. The carbon dicxide reacts vith
tre sodius carbonate to fura sodiuz bicartonate which is colorless to
phenolphthalein, As soon as &n excess of csodium carborate is preseant, a red
color appears and this is takes as the endpoint.

1. Rinse tke No. 8 Plastic Sample Tube with the water deing teated and then
£fill exacily to the mark. (The curved gurface or zeniscus should b=
exactiy even with the mark). If chlorine or tromine is present add 2
drops of Reazent No. 25 (R-697 Thicsulfate) an3 mix gently.

2. Add two drops of Reageat No. 3 (R-638 Fhenolphtralein). If the sa=mple
turns red, nc {ree carben dioxide is present.

3. If the sample rezairs coloriess, add Reagent No, 24 {R-717 Standard Sodiu=
Carbonzte) drop by drop (keeping count of drops), swirling the gample
gently, until a defirite pink colar develops ti:roughout the sample which
resains permanent i{ar 30 seconds, 7This is the endpoint, EZach drop of
Standard Sodium Carbcaats with a 25 al samrle is egual to 5 parts per
miliion of frese carbon dioxide (CG,)}). Free =ineral acids, if presesnt,
will be measured by thiy test. ITdn and alucicias salts will iaterlere.
Some loss of carbon diozite may occur, so the addition of Standard Scdiun
Cerbcrate should be compleled as soon as possible, Mixing should be as
gentle as pcssible, to avaid loss ol carbea Qicxide.
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CHILTIDIA
LI

Read General Instructions at Yegirning of this “ooklet before »roceeding for
the first time,

Preparation of Sample —— Turbid samples shouid be filtared to resmove scale,
sludge, rust, etc., before making the tests, To make a filter fcld a circle
Sf filter pzper exactly in 221f and fold again to quarters. Open the fclded
paper s2 that a 60 degree angle cona 15 forsed with three thicknesses of
psper on one side and a sinzle thickness or the otker, Adjus* the paper to
fit the funnel, eoisten with the sa=ple and press dowm tightly to thz sides
of tha furnel, Fiil witk the sarmple, tut not quite to tie tcp. The wvater
going througn the filter can be collected in the No, 42 S0 =1 Erlenreyer
Flask, or in ary clern bottle, Discard ¢he first s=mple that flews through
tha furnel,

1. Rinse the lo. 8 Plastic Sa=pie Tube with the clear filtered sa=ple and
£iil it to the ca-k,

2. Add 2 drops of Reacent No. 5 (R-638 Phenolphtia’ein). If the sa=ple is
red, add Heagent lo, 5 (R-£87 Standzzz Sulfuric Acid) drep by drop until
the test sasple is colorless. If the tesi sazple is sciorless oz adding
Phenolphthalein, do nct add any acid.

3, Place 5 drocpe of Rezgent Ho, 1 (R-630 Carocate Imdicator) in the =easured
sazpie and add Reagent No, 2 (R-706 Standard Siiver Nitrate) drop by drop
witn thorough mixing until a perzanent reddish color results. Keep track
of 211 4rozs >dled =pd 2luays hold inverted dropring bottle in a vertics®
pesition. If held at another angle the size of the drops will vary. Zach
drop of Standard Silver Nitrate soluticm is equal to 10 perts per gsillica
¢f chloride.




CHLOPINE

Rend Gencr«1l Inatructions at bezinning of this sooxlel befor2 procweling for

~N the first time,
l. Filter holder should be insacted all the way irnto slot, so that blurs dot
ar legend "C1" faces upward.
2. Fill tvo cleaa, dry Wo, 50-T Test Cells to the ==rk {1C =1} with sarsle to
e tested.
3. AGE 12 drops of Reagent No. 3§ (B-30 Ortho-tclicize Raagent) to one of the
test cells, Note the tice,
%, Cap both zells aad invesrt *he one to wzich reacent was added, to aix the
ﬁ reagent &nd ga=pie thorcughiy,
?r Se Five zinutes afler step 3, insarl tke cell pot containing reagent intc the
[ . photoseter, Press red tutten swviteh, and furp kncd to eet zeter to O,
Then pro=;tly ralease buiton switeh,
6. Recove celi end replace with cell containing sacple to which reagent wes

=~

E
-
added, Press bution, and vhen zeter needle cozes %o rest, rezd seter
value, Obtain test resuit in paris per #iilica CIORTHE direcily froo
graph. Do o5t touch kpodb adjustment ir tals step, To externd range, ser
Note A, To exter? zife of tattery, relecse gu-h buticn pro=ptly, as shon
as readirs Seen taken, Citan cells and caps thorcughly after u<e, aud
allow to dl?a

CHLORINE in TUMID (Cloudv) or COILEED WATER

b %

2.

3.

I
.

o ald

Filter holder shomid Je inserted ell the way into the sles, so that biue
dct or legend YC1I” faces upward,
Fil: two clean, dry No. $0-T Tect Tells to ts2 s=rk {1C £1) vith sasple to
be tested, To cne cell, dvhicn will bte called The "biznx", add 2 drozsu
Reagent Ka. 48 (B-£G 0.3% Socdius Arsenite}, ard 12 drops of Peageant %z, 35
(R-35 Or2no-tolidine Rezgaut), Impediately 233 12 drops Reageat No, 23 o
tke sgscond gell, winich wil} e calied the Tunioowm™, lote the iiee,
quickly cap both celiz snd invert to aix ceatexts thoroughly.
Fill a third Test {23 vith clear ind cclorless distillied or ap witer,
azd zap the cell. Insert thic reil inlo tke photorelesr. Press the buiton
switch, and turz imck 20 et meter 9 0, Thea zrospily releass &
svitch.
Five minutes afrter noting time in Stap 2, izsert "biaxk™ cell, press
bation to sbtain =eter readirg, ard set correspsording "dlank™ resull fre=
Chlstine calatratics shari., Izpodisteldy soplo s 121l with PumbansT e
press button to o3ixis meler reading, and get ccorrespociing “unkmow.”
resuit fro= calidraties chert, Do not change tocd gdjustment iz tuis .tep,
To obtxin firal test rasull in parts per =2illioz residual chlerine,

tract THlenk” result fros "unkzmowm™ result., o extend rangs, st hote
A.

To extead 1ife of batitery, release push butica prompiiy, &8s accs ao
reading Ras bzer taken, Llea= rella 3ul caps thorcughly aftar use, &
allor to dry.

Note A — To Cover higher values, Siiuty {(he sanple «iti: Zero—clilorine— -iluo,
’ or witz R-3Q COrtho-tolidins Reagest, and exliiply =—=sult by dlluties faclor,
For exisple, &f 10 =1 si=ple is dilnted %0 50 =), =xitizly the result o

53/12, or 5. Hewever, mse ouly 10 =1 dilvted co=;le I- S.on 2.

as .
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Sesd Genaral Ipstructions at teginning of this bookiet defore proscadiag foo
& »

the first sise.
This tes: is designed for the ragil Jeterination of chromates iz industrial

gealing systexcz, It grovides a guide %o rozmiale the concextraticn of
srrezats when added to inhibit corrosisa. e test procedure is basad o2n
the aciion of chrosates on icide in 2¢cil snluticn te fiSerate fcdire which
is thex drop titrated with thiosnifate In the presence of siarchk isdicator.

1. Rinse the No, 8 Plastic Sacple Tube with t3e water Being tested and then
add thas water until leveli with th2 sark.

2. Usinz neasuring Stoon Sz, 15, 8dd 2 isve' szooafals of Besgest %o, 15
{3-75: Acid Scifate} and rix by geatle 2wirling 2a%il crystals are
dissclved,

3. Ad2 10 drops of Reaysst Neo 14 {2-772 icdise Sclution) ard six.

%, Add Resgent No. 13 (E-780 Stamdar3 Thicszifale) drep by drop, =ixing
by sentle swiriing after exch doop unisi the ssnple =as o =ie y2llor
coisr. Keep irack of 31l drape adced &nd alwzys hold the inveried
dropring betile in & varticsl positicm. I8 Reld at azother argis the
size of the drop will wary.

5. A32 iG érops of Resgent No. 13 (R-535 Starsh Soictica} and =ix, Tae
savpie should BAve = deer Bia2 goler,

€. Coniizue adding Reageat X¥s, 13 (Staxdard Thivsulfale} usntll 3ize coler
just disapzears. EDach drsp of Standard Thiosulfate Lsed Is ed3al 22 2
zarts per aillion of chrosate a3 f.:.-o.‘.




CoFT Skt

Fead General Instructilons at beginuiag cf thic bocllet befors prozeciling foo ‘
the first time, !

1. Filter holder should be inserted all the way into slot, so that blue coiy
faces upward.

2. TFill two cleaa No, 50-T Test Cells to the mark (10 ml) with saumple to be
tested,

3. To one of the cells, add 10 drops of Reagent No. 44 (R-175 Copper Reagent).

4, Cap both cells and invert the one to which reagent was added to mix the
contents. Allow to stand 5 minules,

S. Insert cell not containing reagsnt (blank) into the ghotometer. Press

button switch, and tura knot to set meter to O. Then promptly release

switche See Note A.

6. Remove cell and replace with cell containing lreated sample. Press buctia,
and when meter nezdle comes to rest, read meter value. Obtain test rozults
in ppm COPPER (Cu) directly from graph. DO NOT touch knob adjustment in
this step, To extend life of battery, release push button promptly, es
soon as needle coues to rest and reading has becn taken.

7. Range of test is 0-5 ppa Cu. To measure higher values, dilute the teut
sanple with distilled or deionized water, and multiply result by dilution
factor. For example, if 1C ml is diluted tc 20 nml (before proceeding with

tep 2), multiply the result by 20/10, or 2. EHowever, use only 10 zl in
Step 2. Range now becomes 0-10 ppm,

Note A -- If sample blank is so highly colored or turbid that the instruz:iut
cannot he set to O, then use distilled water as a bdlank in 3ilep 5 and reud
both the sample blonk and the unknown. Convert the meter readings to ppx znd
subtract the value (in pp:m) of the sample blank from the value (in ppa) of thne
unknovn., The difference iz the true concentration or unkncwn in the sample.
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HARONZSS

Read General Instructions at beginning of this booklet before proceeding for
the first time,

Preraration of Sacple —- Turbid samples should be filtered to remove scale,
sludge, rust, etc. before making tests. This is absclutely essential in thc
hardness test since even traces of suspended matter may introduce errors. To
make & filter fold & circle of filter paper exactly in half and fold again to
quarters. Open the folded paper so that a 60 degree angle cone is formed
with three thicknesses of paper on one side and a single thickness on the
other. Adjust the paper to fit the funnel, moisten with the sample and press
down tighily to the sides of the funnel. Fill with the sample, bul aot guite
to the top. The water going through the filter can be collected in the No. L2
50 ml Erleameyer Flask, or in any clean bottle., Discard the first sazple
that flows through the funnal.

1. Rinse the No. 8 Plastic Sample Tube well with the clear filtered ssmple as<
then £ill it “o the mark, The curved surface (meniscusj should de level
with the mark.

2. Add 5 drops of Reagent No. 20 (R-619 Hardness Buffer) avnd a dipper (in cap)
of Reagaent No. 21 (R-£20 Hirdness Indicator Powder). #ix gently to
dissolve the indicator,

2, if hardness is present, the sample will be red. If absent, the sample
will be tlue, If red, add Reagent No. 16 {R-68> Eardness Razgezt) a drop
at a time, mixing well after each drop. Continue until the sample has no
re¢ color but is entirely blue. Keep track of all drop: added and always
hold inverted dropping bottle in s verticai position. 1If held at another
angle the size of the drops will vary. Each drop is equal to 10 parte por

million of hardness, as cacos.
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HYDRCGEN SULF1DE

Read Ceneral Instructions at beginning of this boo'clet before procesding for
the first time,

This test 1s designed for quick field determinatiozs of Rydrogen Sulfide in
witer, Waters contsining hydrogen sulfife (zulfur w«aters) are distinguished
by their offencive rotten-egg odor and their marked corrosiveness. Concentra-
tions may vary from zero to 70 paris per million ar above but usually is under
19, The procedure is based on the reducing actiom of hydrogen sulfide on a
standard iodine sclution. An excess of iodine solntion is sdded and the
excess determined by drop titration with a standard aolution of thiosulfate,
The iodine consumed is a measure of the hydrogen sulfide. Thiosulfate,
suifite, zome organic materials and other reducing substances will give
erroneously high results because they also react with fodine.

i1, To deternine hydrogen sulfide accurately the sa=pie ghould be fresnly
cbtaired with as little contact with the air as poasidble. Loss of hydrogen
sulfide gas or cxidatiou may lower the content., If posezible a stroam ¢f
the water being tested should be aiphcred or ruz into the No. 8 Plastic
Sample Tube to cverflow for # minute or sc. Tha excess sample above the
rark should be quickiy discarded vntil the curved surface or meéniscus< of
the water is exactly even with the mark on the tube,

2. Add 3 dreps Reagent No. 45 (R-121 Sulfuric Acid, 3.6N), mix gently, and
preceed at once to Step 3,

3. Add Reagent No, 9 (Sulfide Reagent C (iodide-iodate)), drop by drop, mixing
gently after each drop until the sauple has a marked brown color. Always
hold the dropper bottle in a vertical pogition and keep accurate count of
the drops added. If heid at ancther angie the size of drop will vary.

4, AdQ Reagent No. 20 (Sulfide Reagent D (thiosulfate)), gently mixing after
each drop until the L2 1 color fades to a faim® straw color.

5. Ade S drops Reagent No. 11 (R-636 Starch 3olution) to give a deep blue
colcr.

untii the blue color just disappears,
7. The number of drops of Sulfide Reagent T minus the number of drops of
Suifide Reagent D times 2 will egquai the Hydrogea Suliide ccnientration in
, parts per million, For sxsmple if 10 drops of C wes sdded and it took &
drops of D to destroy the blue zcolor the Hydrogen Sulfide concentration
will be 1C-8 = ZX2 =z 4 parts per milljon.

6. Coniinue careful additisn of Reagent Nc. 10 (Sualfide Reageat D (thiosulfate))

- —~ ~eny
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Real Genaral Instructions at teginning of this booklet before proceeding for
the first time,

1. Filter holder should be inserted all the way into slot, so that blue dot
faces upward,

2, Fill two c%ean, dry No. 50-T Test Cells to the mar (1C ml) with sample
to be tested.

3. To ore of the ceils, using Scoop No. 33, add 1 scosp =f Reagent No. 32
(R-63 Iron Reagent Powder). Close cap on bottle prompily to prevent . ‘
powder from picking up moisture. Bottle contains capsule of dessicant to
absorb moisturc.

4, Cap bdoth cells and invert the one tou which reagent was added; to mix the
reagent and sample thoroughliy.

S. Insert cell not containing reagent into ghotozetar. Press dutton switch,
and turn knob to set meter to O, Then proaptly release button switch.

‘ 6. Remove cell and replace with cell containing treated sample. Press

; button, and when meter needle comes tc rest, read meter value. Obtain

test results in p.p.e. Iron directly fros graphe DO KOT touch knodb

adjustzent in this step., To extend life of battery, release push butten
procptly, as soon as needle comes to rest and reading has been taken.

3 Clean cells ard caps thoroughly after use, and allow tc dry. 1

! 7. To measure higher values, dilute the test sample with distilled or :

deionized water, and multiply result by dilutioa factor. For example, if

10 al sample is diluted to 50 ml, smultiply the result by 50/10, or S.

IMCORTANT: Always replace the cap promptly and tightly on the bottle contair-
ing Reageat No. 32 (R-63 Iron Reagent Powler), to prevent the powics fron
icking up moisture from the air. 3

e
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5. Fill a clean No, 50-T Test Cell to the mark with untreated water ca:ple

MANGANTSE

Read General Instructions at beginning of this booklet defore proceciing feo
the _irst tima,

The rapid dry powder method offers thzs advantage of a field analysis withent
the need of heat, or it can be used for & quick laboratory analysis in the
absence of interference,

1., Fill a No. 50-T Test Cell to tne sark (10 ml) with sample,

2. Using the No. 33 Scoop (0.2 g=s.), add 1 scoopful of Reagent No, 34
(R-74 Manganese Buffer Fowder), cap the cell, and mix until dissolwed.

3, Using the No. 37 Scoop (0.1 gn.), &dd i scoopful of Reagent No., 36
(R-73 Sodium meta Periodate), cap the cell, and mix until dissolved. Let
stand one minute for color develcpzment, IMPORTANT: Do not delay tesiing
the treated sample longer than 4 minutes after full color developzent.

ko Filter holder cthould be inaerted ail the way into siot of instrument, so
that 2 green dots face upward.

for use as a hlank, Cap the cell.

6, Inssrt the cell eontaining the "blank" into tus photometer, Press button
switch and turn knob to set meter to O, Then promptly release switch.

7. Remove cell and replace with cell containing treated sample, Press buttos,
and when meter needle coues to rest, read metsr value, Obtain test results
in ppm MANGANESE directly from graph. Do NOT touch knob adjustment in tiis
step. To extend life of battery, release push button promptly, as soon ac
needle coztes to rest and reading has been taken. Clean cells and cadys
thersughly after use, and allow to dry.

8., To measure higher values, dilute the test sample with distilled or
deionized water, and multiply result by dilution factor. For example, if #
10 ml sample is first diluted to 20 ml, multiply result by 20/10, or 2.

(Bowevar, do not forget tq use only 10 =1 in perferming the test).
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NITRATE

fead Senaral Iastrvctionn &t bdegiacing of this bdooklet befers proceedir;
for the first tixzo,

Procedure A ~~ Rapid dry uvo-der method for Nitrate determinations in the

absence of Nitrite irterferance., This method offers simplicity. See Note A,

1.
2.

3.

Filter holder should be inserted all the way into slot, sc that 1 Green
dot faces upward.

Fill a clean No. 50-T Test Cell to the marh (10 ml) with sample %o be
tested.

Using the No. 33 Scoop (0.2 gmns) add 1 level scoopful of Reagent No. 46.
Cap the cell secureiy, note the tize, and shake the cell vigorously for

30 saccnds. IMPCITANT: Alvays reclace the cap promptly and tightly orn
the dboctle contairing Re:sent Ko, 46 to prevent the powder from picki-«

up moisture fro= the air. Boitle contains capsule of desaicant to

absord mcisture. Keep msasuring acosp clean and dry. Let stand for

S sinutes.

Prezare a btlark by adding 10 ml of distilled water to a second No. 50-T
Test C=211.

Mix the trsated eanple orce again by inver’ .ng snd let atand for 1

sinute.

Ingert the cell coatairing the *biank® into the photometer. Press button
sxitch and turn krob to set meter to O. Then preaptly release switch.
Icmediately remove cell, and replece ~i¢h cell contairing treated sanmple,
Press buiton and when meter needle comes to rest, revad meter value,

Obtain test results ir ppa Kitrogen directly froa the Hitrate Nitrozen
graph. Do NOT touch knod adjustzent in this step. To extond 1life of the
battery, release push button proaptly, as soon as needie comes to rest

and reading has besn taken, Clear cells and caps thorcughly after use,
Pange of test is 0-2,4 ppa Nitrcgen (N). To measurc higher wvalues, diluts
the test sample with diatilled or wvionized wvater, und multiply reaults by
dilutioz factor. For exanple, if 10 ml is diluted to 20 ml and 10 =1 of
diluted sasple is used in the test, multiply result by 26/10, or 2. Ra:ge
of test is now 0-2,8 pp= X. To express results in teros of Nitrace (503)
multiply the resulis by 4,43,

Procedur® B -~ For tssts in the pressnce of Nitrite interfarence,

-
4

Tiitor pulder sn0ud De inseried ait th= way into the »ivt #0 that 1 Green
dot Iaces upvard.

Fill a No. 50-T Test Cell to the mark (10 ml) with saaple to be teated.
Add 2 drons of Reagent No. 54 (Chlorine SolutZon) see Note C, and 3 &regps
of Reagent No. S, (Standard Sulfuric Acid). Shake 30 seconds, let stand
for & minutes.

2d4 1 drop of Reazent No, 48 (Socdiun Arsenits) mix for 30 sel:nds.

. Dszizz the No. 33 Scoop (0.2 gus) add 1 level scoopful of Reagezt lo. 45,

Cap the cell aecurely, shake vigorously for 30 seconds. Note the tirce

azé let stand for 5 ainutes,

Prezare a dlank ty adding 10 =1 of distilied water to e s2cond No. 50-T
Tesas Cell.

tix th~ trented sa=ple once again by iaverting and let stand for 1 rinute,
incert tke cell coataining the "plank"™ into the photouleter, Press butior
geitch aad tura aaowh Lo zet meter 30 0. Tuea prospily release &.i1:0.
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Icmediately reaove cell and replece with cell containing treated sampie,
Press button and when neter ncedle comes to raat, rezs reter value,
chtain teat results in ppz= Nitrogen directly from the Nitrate Nitrogen
graph. This value represunts coobined K trate/Mitrite Nitrogen. To
determine the Nitrate Nitrogen vaiue, subtract the value of the Nitrite
teat (in ppm) as determined in Note A froas the value of the Nitrate/
Nitrite determination in ppr3. This representa the Nitrate Nitrogen
value, To express rasults %s ppn Nitrate, multiply the result by 4,4,

sNcte A == If Kitrites zre knowa to be absent ther foliow procedure A, If

Nitrites ars susnecied, a test for Hitrite should be perforntd folilowing
sne procedure for Nitritam, If the determination indicatee Nitrites are

present, record the results of the Nitrite test and follow procedure B for
t:e Nitrate determination.

Notea B -~ If the sample is colored or turbid, fill a No. 50-~T Test Cell
to the 10 ml mark with eamplie, and read this untreated sacple against thne
dist11led water blank. Coavert the resding to equivalent ppa Nitrate
Nitroger and subtract this value froz the results of the Nitrate Nitrogen

tear, This represents the true Nitrate Nitrogan value,

Note C o~ Since Reagent No. Sk (Chlorine Solution) has limited atadbility
{ -0 mentha) we recoazend that the following procedure be used in order to

prepare it:

Dilute 3 ml of Chlorins Bleach (for instance Cloerox) with water to
100 ml. Mix and store in plastic bottle provided.
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Read General Instructions at beginning of this bocklet before proceedin:
for the first time,

1L,

b,

Se
6.

7

Filter hclder should be inserted a2ll the way into slot, sc that 1 Green
dot faces upward.

. Fill a clean, dry No. SC-T Test Celi to the mark (10 ml) witl sample to

be tested.

Using the No. 33 Scoop (0.2 gms.) add 1 level scoopful of Reagent Ko. 47,
Cap the cell securely and shake to dissolve. Note the time and let stunud
for 5 minutes for color development., Always replace the cap promptly and
tightly on the bottle containing Reagent No. 47 to prevent the powder
from picking up moisture from the air. Bottle contains capsule of
dessicant ¢{o absordb moisture, Keep measuring scoop clean and dry.
Frepare a blank by adding 10 sl of distilled watar to a second No. 50-7
T=28t Cell,

Insert the cell containing the "blank" into the photometer, Press button
switch and turn kanoh to set meter to O, Then promptly releast switch,
inmediately remove cell, and replace with cell ¢containing treated sample,
Press bhutton and when meter needle comes to rest, read meter value,
Obtain test resulte in ppm Nitrogen directly from the Nitrite Nitrcgea
graph. Do NOT touch knob adjustment in this step. To extead 1life of the
battery, release push button promptly, as soon as& needle comes .0 rest
and reading has been taken, Clear cells and caps thorcughiy after use.
Range of test is 0-0.2 ppm Nitrogen (N). To measure higher veluss, dilute
the test sample with distilled or deionized wat<r, and multiply resuits by
dilution factor. For exumple, {f 10 ml is diluted to 20 gl and 10 aal ¢f
diluted sample is used in the test, amultiply result by 20/10 or 2. Rangze
of test is now 0-0.4 ppr N, To express results in terms of Nitrite (X 2)
sultiply the results by 3.29.

Note A -- If the sample is colored or turbid, fill a No. 50-T Test Cell to

the 10 sl mawrk with sample, and read thie untreated sample against the

distilled water blank.

and subtract this value from the results of the Niirite Nitrogen test. This
represents the true Nitrite Nitrogen value.
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u=ivo dispenser with Universal pH Indicator Paper is supplied with the
Hoial ) Pariable labaratory. This covers the range 1 to 12 »d, and has beun
fournd zast couvenient for rapid screening tests in the field.

Open the dispenser (Mo, 31) by turning the upmer part in a -counter clock-
wice direction.
Using dry fingers, pull out the needed length of strip {usually esbout 1"
will do), cloce the dispenser by turning clockwise, and tear off the
wpo3ed strive
Dip the strip into the test liquid and compare it with the color scalce
while still wet., When werking with liquids containing suspended matter,
or colored liquids, place a drop of the liguid on one side of the strip,
allew the sarple to wet the paper thoroughly, and then turn the strip over
and compare the reverse side of the paper to the color chart. is method
¢z als2 ko uzed to test the rH of sludge, moist s0il esamples, etc,
When measucing weakly buffered or untuffered solutions, place the indi-
cator strip against the inside wall of a test tube, and fill with test
solutic- . After 60 seconds, compare the color with tke cclor scale
through «he gless, :
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PHCS:IATE and FOLVECCSPHN T2 ‘

Read General Instructions at the daginning of this tocklet before proceeding
for the first time,

Procedure A -~ ORTUO-PHCS:EATZE
1. Fill a No. SO-T Test Ccll to the mark (10 ml) with filtered sample.
2. Simultaneously prepare a reagsnt blank by adding 10 ml of phosphate-free
or distilled water to 2 second No. 50-T Test Cell,
Je Add 10 drops of Reagent No. 41 {R-143 Sulfuric Acid 15%)to each and mix.
Hold bottle vertically, with tip facing down, when counting dropse.
4, 543 6 drcps of Reagent No. 39 (R-80 Ammonium Molybdate, 2.5%) to each and
nixe.
5. Add 1 drop of Reagent Ko, 40 (R-73 Stannous Chloride) to each and mix.
6. Allow to stand 15 minutes for full color developmant,
7. Filter holider should bde inserted all the way irio slot of instrumeat so
that yellow dot faces upward.
8. Insert the cell containing the "blank" into the photometer. Press button .
switch and turn knob to set meter to O, Then prompily release switch. !
9. Remove cell and replace with cell containing treated sample, Press button
and when meter needle comes to rest, read meter value, Obtain test i
results in ppm PHOSPHATE directly from graph. Do NOT touck knob q
adjustment in this step, To extend the life of the battery, release push
button promptly, as scon as needle comes to rest and reading has been X
1 taken, Clean cells and caps thoroughly after use, and allow to dry,
10, Range of test is 0-5 ppa PO;. To measure higher values, dilute the test
sample with distilled or deionized water, and multiply result by diiution
factor, For exazple, if 10 ml is diluted to 20 ml, multiply result by
) 20/10, or 2. However, do not forget to use only 1C ml in the test.

! Procedure B -~ TOTAL PHOSPHATE

1. Heasure 10 ml of filtered sample, using a No, 50-T Test Cell, into the
No. 42, 50 ml Erienmoyer Fiask,

2. A2d 10 drops of Reagent Ho, &1 (R-143 Sulfuric Acid, 15%) and mix.

3, Allov acidified sample to boil gently for 90 minutes zdding distilled
water to keep the volune between 7 and 10 ml, In the field, an inexpensive
"3terno-Type'! Stove can be used, See Note A,

4, Ccol sample and transfer to a No, 50-T Test Cell. Dilute with distilled
water to the 10 ml mark.

5. Similtaneously orepare a reagent blank by adding 10 ml of phosphate-free
or distilled water to the mark of a No, 50-T Test Cell and add 10 drops
ot deagent dc. &1 (R-1B2 Sulfuric Acid),

6. Add to each, while mixing, 5 drops of Reagert Yo, 39 (R-80 Azzoniuz
Molybdate) and 1 drop of Reagent No, 40 (R-79 Stannous Chloride Reagent).
Let stand for 15 ninutes for full color developnent,

7. Continue as directed in procedure for Qrtho-phosphate, beginning with
Step 7o

L e

To deiermine Polyphosphate, subtract the result obtained in Procedure A
(Ortho-Fhosphate), from the result cbtained in Procedure B (Total Fhosphate).
The difference represents Polyphosphate, expressed in terws of Phosphate (Poz*).

! Pronndure C ~- POLYPHOSPHATS
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PacSPrEATs and FOLYPECCPHATE, Con't.

Note A -= Some saapies way requice lc.s boiling tiza, This can 22cily ko
deternined by runninz duplicatc samples, using & 70 =i=nute ani & 30 minute
boiling cycle and comparing the results on the colorimeter. 1: readings are
the same, then the 30 minute boiling tima may be employed for cempies of
similer coapositinn,

lote 3 -~ The Stannous Cnloride method haz teea adopled because of its s«psi-
tivity in the lower Phosphate ranges. The minimux detectable concentratioa is
approximately 0.02 zz/1 of PO,, To avoid contamiration fioa interfering
substances, it is recowmendad that all glassware used in this test he thorcughly
cleaned with No. B-95 Acid Dichrodatic Solution and rinsed several times wiih
denineralized distilled water. Do not nse soap, detergents or glassware
cleaners, as they may leave a film of phosrhate on the glass, whick weuld cause
errors.
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Read Geaeral Instructicns at tegimaing of this bookle: Sefore procsedinz for
the first ti=a,

This test is designed for the determimation of suifate iz water uuder field
condilives, Sulfate is present iz a3l zm2tural waiers but the comtest will
vary considerably in different iccalities depexding oz the mi==rzl ccutest 2f
the so0il. The United S2ates Public Eealth Service res nde that drizking
water should coatain lass thas 250 ppe. Toe principal chjectics 0 salfate
in indystrizl wvater 3s that if ccoobimes with calcizs to fors calcizm sulfate
scale.

DPCITANT: This test uses itk special Xo, 30 Flastic Sazmple Tuke, vdizk is
graduated at 10 21 and 20 ni. Do 26t use the Xo. & Flasiic Sasple Tnite (35 21)
usecd for all other tasts,

The procsdure oo waters which dr o comtai= thoszxate is a3 follows:

1. Rinse ths specizl No. 30 Plaatic Sazpls Tube with the wster deiszg tested
and fiil to the lower =ark (10 =3).

2. 242 8 2rop of Reagent No. 3 (R-638 Fnezolshtzaleis), If the samnle tures
red add Reagent Ko, 26 (R-730 Sydrochloris Acid solutica} Srop by &sop
until the rad colcr dizagtears. If th: sampie is colorliess whes
Phenolphthaleis is added do =ot a3l acid.

3. Rdd a ==311 dipper {in cap) of Reagezt Xo. 28 {3751 Szifare Indicater
Powder) to the above sarsle, When the irdicatar kas dissoirved, add
Reagert No. 29 (R-722 iIsoprspyl Alcchcl) o the sacead {tcp) zack o the
Ro. 30 Plastis Sa=ple Tude and 2ix dy gealle swisliing,

bo 242 Peagez Koo ¥9 (2-759 Starndard Zaricn Chicride Sciztics) érep by drcp
with siving uatil the coicr charges from yellow to 2 4211 red or cracss.
Keep csunt of drops added. Riwms3 231d ihe 2ropoer Bottle iz a verdisxl
pesizisn, If held at azother asgle (ze =ize of SrTys ZaAy vary. Il
drop rag.ired esmal 25 paxrts per ziilico of Salfate 33 22,

When phcsshates are present as iz sove Mlier watess, ite sample shozid T2
acidified to tromeresol green, by eddicg tirree dArops of 2eageni Mo, 27
(2-1003% Sroosressl Groez Indisater Scixticm) %o the crigizss 10 =l sxsgie,
a2 addirg dropa of Reagest No, 25 (2-790 Eydroctioric feid) il the oolcT
ckanges fro= blune o yeilow, Trnes a2l Bzxagent X3, 43 {3-75% Stamiand Sasizs
Gmversds Ialneinn) dram by dGonp ar stues, 243 Calcaiale 1l &Rifats {285
ccntent iz tte sams wa¥.

v

Ss=ples with Righ suifate comtexnt zam Be ted with scifatc-free (distilled
or deicnized) watur a=2 the resuits waiiplied by 2iinties faster. Tor
exszple, if 10 =1 is diluted o 20 =i, =21tisly 3y 25712, or 2. Adwars
thorcushly clean the Plastic Saszie Tobe after cach test.
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suLyInte

Read General Instructions at beginning of this booklet before proceeding for
the first time,

This test kit is designed for quick determiration of sodium sulfite in boiler
water. To combat corrosion, dissolved oxygen must be at the lowest possible
concentration., One praclice is to remove as much as possible frouwm the fead
water with a deaerating heater and saintain reaidual sodium sulfite in the
boiler water to remove any oxygen which passes ths heater, Under proper
conditions sulfite combines with oxygen to form mulfate. The test uses a
dual purpose dry starch indicater powder which contains both acid and starch
in dry form, The procedurs avoids the use of strong mineral acids,; daterio-
rating starch solutions and eliminates a st2p in the procedure. The acid-
starch indiester powder is extremely stable.

The procedure is based on the fact that when iodide-iodate is added tc an
acid solution, iodine iz literated . ..  imnadiately reacts with any sulfite
that is present. As soon as all ... ‘._ifite haz reacted with this freed
iodine, any excess iodinz forms a blue color with the starch indicator. Each
drep of Reagent No. 22 {R-617 Iodide~Iodate) eguals 2 ppm sodium sulfite.
To determine sulfite accurat.ly the sample should be frechly otlained with as
little contacy with the air gs possivle. The sample should never be filtered
sincs exposure to the air will use up suifite, It shenld always be cocled

to room temperature before making the test,

1, vCarcfully rinse the Nc. 2 Plastic Sampls Tube with the water to be tested
snd then add the water until tha bottom of the curved surface or meniscus
of tha liquid is exactly even with the mark on the tube.

2. Add 1 drop of Reagent No. 3 (R-638 Phenolphthalein) and mix gently.
Boiler water sijould turn red.

3. Add 1, 2, cr more dipperfuis of Reagent No, 23 (R-725 Acid-Starch
Indicator Powdsr) to the sample with gentle mixing until the red color
disappears,

b. Add Reagent No. 22 (R.617 Regular I.dide~-Iodate Solution) dérop by drop
(keep count of drops used) with gentle mizing until a faint dut perzanent
blue zolor appears. Always hoid the dropper bottle in a vertical position.
If held at ancther angle, the size of drops will 7ary. Each drop of
Regular Icdide-Iadate Reagent required $d give the permanent blue culor
is equa) to 2 prr sndium sulfite (Na,SO,).

o
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TURBIDITY

Read General Instruactions at beginning oi this bonklet before proceedivg for
the first time.

1.

2.
Be

-

b,

5.

Filter holder should be inserted all the way into slot, so that blue dot
faces upward,

Fiil a clean, dry No, 50-T Test Cell to the mark with sample to be tested,
ard cap the cell,

Fi1l & aecond clesn, dry test cell tu the mark with clear, turbidity~{ree
distilled or daionized water, for use as a blank., Cap the cell.

Insert the cell with the clear water into the photometer, Press button
switch, und turn knob to se: zeler to O, Then promptly release button
switch.

Remove cell and replace with cell containing turbid sample. Press buttor.
and vhen meter comes to rest, read meter value. Obtain Turbidity tast
result in parts per million, as silica, direct from Turbidity graph. Do
not tuuch knob adjustment in this step. To extend life of battery,
releese push button promptly, as soor as needle comes to rest and reading
has been taken, Clean c¢ells and caps thorouzhly after use, and allow to

dry.

¥ote ~ The No. 50-T Test Cells must be completely clean and free froa film,

lint, fingerprints, etc.
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AZEDIX €
PROCEDIET PR PEDMATAG STUSETIC BAGKISH w2TEw

i

"

-

Tee srothetic brackiszn vater criliszed throghout this Tigrtim WS

oregarid in the Tollowing samner:

-
2

in the foilowing Guantitise:

., The coenmfcsi ingredienis wete welzhed ozt o= 2= amalytical mizce

Parizy Talght
Chemicai Seroifer ) (aiiifgrans)

Kodiom bicardboaate J. Ty, 99.7 373
Srock ¥o. 3305

Sodiex chloride J.T.2aker, 9.z 350
crock ¥o. &S

Plagnesiv= sulfate J.Y.2a¥er, 2.9 253
Stock No. 250&

rC:lci::: sulface J.7.5aker, e3.6G £2
Stock %»O. 1433 ;

Sodiu= sulfate J.T.3axkr, 9%.3 333
Stk Wo. 3335

2. Ope Iirer 1IGHO milifiitess) of commerciai-grade Zistilled order

(cutchased in Jne-gzilon containers £rom 8 1o0cel &fug SToTe)} wes otascTed

cat in a gradcsated cyliwder.

3. The ealeinn sulface ums £i73t addes to the is2iiled \eler

{(at rooo tesperature) and aglizated.

{a) The tomductizyity of this weicr was foxzd 2o be

st SEn

b

r{cromiofon,

{3}




4, After the solution reattained ciarfty (15-Z20 minutes}, the other
ingredients were added one at a time {in no particular order) with agitation
unt{l dissolved.
5. The solut‘on was then stirred for another 30 minutes to ensure
complete solubility.
5. Prior to uge, the conductivity of the sulution was measured |

and recorded.




APPENDIX D

CALCULATIONS AND PROCEKDURE FOR INITIAL DESALTING OF
BRACKISH WATER BY PRECIPITATION WITH SILVER OXIDE

1. Calculations (Based on Desalting One (uart oZ Water)

Since thege calculations are based on 1 qt, of water, it is

necessary to ccuvert mg/l - as given in the specification - to mg/qt. Thia

fs done by dividing mg/1 by 1.057 at./1. This changes the weights of the

ingredients as follows:

Tngredient Mol. We. | Milligrams/liter | Milligrams/auart

NaHCO, 84.0 379 358

NaCl 58.4 2500 2365

Mgso, 120.4 545 516

CaS0, 136.1 612 579

Na,SO, 142.0 115 109
TOTAL 4151 3927

a. Silver Oxide - Amount required to react with sodium chloride
to remove all chloride ions:

Molo wt._.23198 11608
AB,0 + 2aCl + 1,0 —ae2 AgCl ; + 2 NaCH
2.365
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b. Barium Hydrate - Amount required to remove sulfstes:

First, determine amount needed to remove all sulfates.

MgSO,
Mol, Wt, =t 215.5 120.4
Ba(Oi), * 8H,0 + MgSO~enBaso ‘ + Mg (OH).. 3 + BH,0
e, in
oy X 516
gme . 3
516 .
Wt. T .5 = 1,35 gm
caso,
Noi- 'n't. ‘—’ 31505 136.1
Ba(0H), ° BH,0 + (250, cu B2SO z& ca (oi), ‘ + 84,0
Wt. in cntmavased> X <579
gms.
. =579 .
We. BaH = $2£% x 315.5 = 1.34 g
Na,SO0,
Molo Wt. —*31505 14200
Ba(0K), * 8,0 + Na,SO,—e-3aS0 & +2 NaOH + 8H,0
WC. In __ o x .109
gms .
Wt. BaH = <222 x 315.5 = 0,24 gm.

142.0

Total Bak reguired to remove all sulfates from 1 qt. = 1.35 + 1.34 + 0.24
o 2.93 gms.

107

s
1

B A [Ban

)
W




T

Since the silver oxide theoretically removed all chloride fomns,

amounting to 1515 ppm, and thereby leaving 2636 pom TDS (4151-1515), it is

still necessary to ramove 636 ppgm (or 602 mg/qt.) in the form of sulfate ions

in order to reach the specified TDS level of 2000 ppm.

At the same Lime,

this would reduce the sulfate ion concentration from trs original level of

945 ppm (or 895 mg/qt,) to 359 ppm (or 293 mg/qt.}, which is below the

specified maximum of 500 pom,

Therefore, the quantity of BaH actwally nceded betomes:

602

o=y 2,93

395

= 1,97 gm/qt.

c. Citric Acid - Amocunt regquired will be sxperimentaily determined

(see Procedure, step h).

2. Procedure

a, Using one pint (473.2 ml) (a) of synthetic hrackish wmter,

take following readings (as well as at end of test) and recodd.

Reading _

Method

Approximate Value

Before

After

pt

pH Meter

7.8

16.5 ~ 11.6

TDS

Delta Scientific Co.
Model 1114 Conductivity

7200 micromhos/|4,300 micromhos/

cn. {(equiv. to

Meter 6,700 ppm as 3,900 ppm as
CaCOy or 4150 }CaCO3 or 2,000
ppa as ion) pp= as ion)

e

cm, (equiv, to

Sulfate ion
concentration

Delta Scientific Co.
Model 50 Water Test Kit,
per para. 4.6.5.3,
MIL-D-5531.

S45 ppm as iou

309 ppm as ion

Cl 1oride ion
concentraticn

Pelta Scieutific Co.
Model 50 Water Test Kit,
per para. 4.6.4,9,
MIL-D-5531,

-t

1,515 ppm as
ion

O ppa as ion

(2) A pint, vather than quart, was initially used to conserve chemicals during

early stages of the investigatica.
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b. Add 2.35 gs. 7 of silver oxide to the brackish water sample
and stir.

c. After 5 minutes, take conductivity readings at 5 rlaute
intervals until 2 consecutive =qual readings a-e obtained.

d. If meter reading is not at 5600 :aicta:hos/m.,(b) continue
adding known weignes of silver oxide in s:all portions, taking readings at
5 minuce intervals, until this figure is reached. Record fi-.al weight of
silver oxide rzquired and of.

e. Add 0.98 gm, () of barium hydrate to the water sample and
stir.

£. After 5 minutes, take conduztivity readings at 5 minute
intervals imtil 2 consecutive egual resdings sre obtsined.

g. 1If veter reading iz not et 4300 microghos/em., cantinue
adding kiown weights of bariux iypdrate ir amell portions, taking reedings at
5 minute intervals, until this figure is reachad. Record finzi weighz of
barium hydrate sequirad and pH.

k., If final 58/ value 13 greater then 11.0, indfczting that
water is highly clkaline due to formmtion of NaOH, add éieric 3cid ungil

a pH range of 10,5-11.0 is reachbed. Record weight of citric acid requiied.

{a) Csalculated weight, based on 1 quart, was 4.70 gme.; therefore, asount
for 1 pint i{s ome-kalf, or 2.35 g=.

{b) Assuning silver oxide Yemoves all chloride fons, which amount to 2,136
¢pa as Caldy, this leaves 4,562 ppm TDS Iin sanple {G698-2136); laster
is squivalent to conductivity of 5000 wicroshosfen.

(c) Calculated weight, bused on 1 quart, wees 1.97 gms.; therefore, amcunt
for 1 pint is one-helf, or 0.98 gnm. ’ 1
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i. Filter 1iquid to remov: precipitated materiai.

j. Cecnduct tests on £iltrate to determine sulfate and clloride

ion concentrations,

116 ﬂ




- ——-—

W .

v e

A a—

APZENDIX E

CALCUTATIONS AXND PROCEDURE FOR INITJAL DESALIING CF BRACKISH
WATER BY ION EXCHARNGE METHCD
USING DROLITE C2QX1C AND A7 RESIXNS

1. Calculations (Based on Desalting Ovne Quart of Water)
Tz deternine the quantities of resins iweded for initial =valuation

(referred to as "starting point® quaztitiea), it 12 first necessary to

calculate the gram-milliequivalents of i{cns to be removed, Thais is

accoaplished as showm in the accospanying Table XII.
Thi.3, the approximmte weight of cation resin (CZ0X10) required

. 2eq.'s of cations to be resoredfot.
capacity of resin

o 33.1 meg./qz.
5.1 oeq./gx.

= 5.5 gos./qt.

Approximate weight of aunion resian (A7) required

. 32.8 =eq./qt.
9,1 aquga.
= 3.8 gme./qt.

Totai weight of resins reguired = 10.1 gns./qt.
Ratio of resians = 1.8 parts C20X10/1.0 part A7.

2. Trocedure
a. Using one pint {(473.2 al.) (s} of syathetic brackish water, take

folloving readings (as well as at end of test) and record:

{2) A pint, rather than quort, &s initislly used to cotserve resins
during the early stages of the inveatigation.
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Approximmte Value

Model 1114 Conductivity |(equiv. to 6,700 ca, {equiw to

Meter Praa as CaCey or 3,200 ppm as
4150 ppm as iom) CaCOy or 20G0
ppe as fon)

Suifate {on Delta Scientific Co.
conceatration § Model 5G ' :ter Test Kit,
per para, 4.6.4.8,

HIL~D~3331
—— 0t . S
Chloride 102 Delta Stientific Co. 1,515 ppm 989 ppm
concentration | Model 50 Water Test Kit, as fon as fon
pexr para. %#.6.4.9,
MIL-D-5531

Reading Method Sefore After
pH pH Meter 7.8 4.0-11.0
oo
TDS Delsa Scientific Co. 7,205 cicromhos/ce] 3,600 =icroshcs

b. Prepare Duolite ion-exchange resins (C20X10 znd A7) in

following manner, if v_e_t_:_(a) (otherwise, proceed to step (5):

(1) Weigh out approx=. 30 grs. of eazh resin,

{2) Put each resin in seperate container and dry in wmecum
at 56°C (104°F) mex. for 2 hours.

(3) Cool doun resins in desiccator for approx. I ainutes
and weigh.

(4) Repeat step (2) for 1 hr. and weigh. Ccntinue this
proccdure (f.e., dry 1 hkr. and weigh) until 2 consecutive uniform weighings

are obtained,

{a¥ These resins, as received, are already regenerated.
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{5) Blend resins together at ratio of 1.8 parts C20X19
to ;.0 pert A7 (by weight).

(6) Use mortar and peatle to grind up blended saterfis: as
uniforely as possible.

c. Add 5.05 gas.®7 of dried, ground, blend=d materisl (i.e.,
consisting of 3.Z5 gns. C20X10 and 1.80 g=s. A7) to 1 piat of synthetic
brackish wvater and mix.

d. Check conductivity st 5 miiute interwals until stabilized,
i.e., until 2 comecutive readings are obtained.

e, Record finai condutiv.'ty and pH.

£. Tilter liquid ¢to rexove resine and say precipitated saterisl

which =y form.

g. Coodact testt on filtrste to determine sulfate and chioride

ion concentrations.,

{(a) Calculated total weight, bdased on 1 guert, wes 10.1 gns.; therefcre,-
quanticy far 1 pix=t fe cne-half, or 5.05 oms.
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