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.In recirculating whitewater in a closed water system, thc solids will

increase leading to operational problems such as corrosicn,bscale, reduced
.drainagé rétes, reduced wire life, increased tempcrathfeé, felt plugging,

Afcam, and dirc. invdealing with these problems; whitewate: samplec from a
convencional seven. vat cylinder boa:d machine were tested for chemical
cbnpogiticn.«The machine,opefates on a closed nacer loop and.produces'approx-
imacely 250 tons per day recycled boxboard. Tested ‘anions included chloride,
silica, phosph;tes, nitrntes, sulfate, snlfide and tannin-lignin. Cations '
Aanalyzed included calcinm,vbarium, iron, cluminum and copper. Tests were
conducted over an eighteen dgy machine running period to‘detenmine trends

in concentration levels. It was found that the anionic character of the white-
water was increasing while the cacionicfchafacter tended to decrease. Indirectly
board caliper could have played a role in controlling icn concentration by
a‘filteringkmechanism. The large increase in tannin—lignin concentrationsvare
believédvfp increase‘the anionic colloidal propertiés nnd thus incrcase:the
cacionic demand ofrthe water. This behanicr nay in fact activate corrosion of

- cationic metal pipes used for water transport.
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B Wheﬁ~stock goes onto the wife of a fourdrinief or cylinder machine at

4

from half to one percent consistency, the paper web forms on the wire while

most of  the carrying vehiclé,_ﬁhe water, goes through the wire. This is the

white water, éarrying with it solids Consisting of fiber, filler, chemicals

:'and color. ‘The richness, or -high solids content of white water varies greatly

‘with the*fufnish’being used to make a specific paper product. Where long-fibered

pulps are used, with little or no filler, the whitg water will contain.only a

small amount of fine fibers.. If the shortér pulpsrare used, such as hardwood

sodé, and groundwood, with or without filler, the white water will be quite
rich in fiber(l).
On a cylindéi‘machine; new stock céﬁihg from the regulating box has a

consisténcy of about 3% and that of the sheet.lea§ing_the,tylinder couch mold

1s 12 to 14%. It is evident that more water is fed to the vat.system than is

taken awayiwith‘the shéet. The cylinder mold shower adds additional water;
therefore provision is made at the end of the vat té overflow the water
containing the least amount of stockf This wéter overflows spillAdams at the -
ends of each cylinder and is usually collected in a divided white water pit
so as.to segregate waterﬁffom the liner molds ffom‘thaf‘bf the filler molds(2).
When recyéled paper and.paper products are used'as the furnish; there is a
Vide‘variety of fibers, fiiiers, chgmicalsvand colors which will eventually end
up in the white water of a cyiinder.maéhine. This array of solids will be both

suspended and dissolved solids and the tyﬁes éﬁd amounts of thésé solids will

" depend on the types of papers making up the fecycled futnish. The amounts

" of dissolved and suspénded solids will gradually increase thus causing

bpérational problems. "In the reuse of procesé water in a pulp and paper mill

situation several types of problems can arise including those associated with




‘ N
slime, foaﬁ, pitch, dirt,‘increased-temperéture, corrosion, scale formatioh; |
dissolved solids buildup'(alum, starch, rosin, drainage-aid, feteﬁtion aid),
'total\solids buildup (finés; clay, titanium dioxidei, siéing difficulties, felt
plugging, ré&uced wire life, reduced dréinage réfe, shawer:plugging and pH |
control."(B)v Also, "the dispersion action vasﬁéréh derivatives used as paper
édditives resqlts in significant white water‘turbidity, reﬁgntioh, and increased
-consumption 2f fillef#."(&)
| Internal éystems closure'repreSents one élternative measure. for pollutiqn
abafemeﬁt in paper and~board mills. Such méasures have seQeral advantages over
externélltreatment measures provided care\is.téken to avoid impairing operating
conditions and/or product Quality.[:gépérience gained in many mills with the
n closurg‘or partial closure of the white wafer circuit showed that a substantial
part of conventibnal discharged pollutants can be excluded from effluents and
reused in‘papeg products without negativé.effect;T\'By closing the white water
‘circuits on papér and boardimachines, enyironmenfal protection of waterways from
mill'disﬁharges can be achieved(5). A closure, however, has both its advantages
aﬁd disadvantages. ’
Q\}n ﬁlésing a'systgm{ for whatever the reason may be, problems do accompany

- the closufé;vihlt has been frequently observed at the mill that when color of

process water intensifies,/ééftain troubles are experienced such as lowering of

brightness and the degrees of sizing of paper. \One of the causes may be increase

in humic substances in the water. Humic acids increase electronegativity of

‘fiberu'su:face and surface conducti&ity."(S) Alsb, "simple célculations show
that complete closure of the water:cycle will lead to salt accumulétion in the
water. Moreover,.anaerobic breakdown of sulfa;es can lead to formation of corro-
sive hydrogen‘suifidé. Tﬁese problems caﬁ be évbided by not completely plosing
the syétém.  Instead of fgesh Qater,‘biologically purified outside effluents may

added to such a system."E?}/




The concept of a closéd white water syétem hés been‘é‘subject of discussion
since.1929. "Many of the problemsﬂof white wafer sysfémé; slime, foam, scale
. N * . .
circulatioh, paper quality, fiber reéovefy,‘etcﬂ, are still a .challenge fo the
pépermakér. The effects of ﬁérfdrmance and.méinteﬁance of papermaking eQuipmeht
in a closed system on tﬁé corrosion resistance of existing or proposed materials
of construction are a matter of concern. Chaﬁgés_in corrosioﬁ conditions are:
;rélated to increased concentration of solids and dissolved salts, pH changes,
highe; temperatures and md:e'eléboréte water treating chemicals.

The majpr factors determining the corfosivity of‘white water are concentrétions
of‘dissolved solids and gases, pH,‘temperature and veldcity; These factors vary
.widely with Ehe type of recyciled water clarification systeﬁ ﬁsed and the particular
grades being produqed.'

"lgfgséntlyiwéter reuse is extensively practiced in thé manufaéture of paper-

" board, fine papers and tissues. The concentration rangé of dissoved solids in

recycléd'Water is 6000 to 70,000 ppm for board and 1600 to 5000 ppm for fine:and

e

publication paper. }
R 'J‘

_’ii!#é_rélativé‘amount of each component of the dissolvgd solids in the waterr
yaries with fhe type  of furnish, the papermaking additives, and‘feedwater harﬂness.
From ; cdrrosion standpoint, the aggressivé énions are chlorides, sulfer compéunds
Haﬁd carbonatés while influential cations‘are the ferfic and mangaﬁous ions as
well as the.calcium, magnesium and bariumascalé.formersjf;

‘éEEg pH range reported for most.recyglgd white water systems is 4.0 to 7.Q.
The pH is known and .controlled in the paper forming stage, but littlé'is known
of iﬁs f1ucugtioh in other locaﬁions in the systems:“) |
Thé_temperature in systems nearing full closufg/is reported to be in thé

130 to 160°F (54 to 71°C)‘rangg. Corrosion kinetics are temperature depéndént'

and higher temperatures will increase corrosion rates."(14)




L. " 'Stark, Weather and Frost(lS)vqualifapiQely discusged'the'water reéycliﬁg'~
'Aexperiences in board manufacture where corrosioﬁ was.given.aé;the mostrpérélexing :
problem. ,Methodsbof*monitofing and controlling pH, femperature; suspénded solids,
and géses were éonsidered essential in white watéf‘systems usihg conveﬂtidnal
clarifiers.
B Fluchner(lé) repofté‘corrosion préblemé in Gefmaﬁ millé 6n tissué'méchines.
‘Galvanized p;pelines fransmitting clarified wﬁitelwatef failed by cor;osion after
ohe year in recycling condition. The water was high iﬁ dissolﬁed solids,_aﬁd
the pH at times was as low as 3.6,. Even with pH maintained above 7;0, piﬁting
corrosion due to chloride.attack was reported for stainless—steel—clad-headboxes.
Brecht(l?) reported corrosion as fhe most difficult probiem,ié German mills

~

ménufacturing paperboard and paéhaging grades.. Their attempts to relate corrosion
‘ ito specific electrical ;onductivity did not correlate well with concentrations of
o - chlorides énd.sulfates; There was some indicatibﬁ of lesé éorrosion under cond-
‘itions of low cénductivity and abbve neutral pH.. in slightly écidic white water
6f high electrical conductiviéy, 6n1§ stainless s;éel or plastics were suitable.
The reported range of chlorides concentration was 600 to 3000 ppﬁ while for sulfate
from. 1000 to 3200 ppm. |
In a 1971 survey of 85 Nortﬁ American mills only 187% of all machines opefat—
iﬁg:with some degreé of white water closure indicated more severe ifrrosion.
an
AThis low value was attributed to extensive use qf stainless steel(plastic.(lS)t
. Corrosion
.._ Corfosion.is the deterioratioﬁ of metal by either electrochemicél or bécterial

means. Corrosion rate is affected by the complex interaction of factors including

a) dissolved solids, chlorides; sulfates, sulfides, etc.
- b) hardness S -
c) alkalinity
: _ . d) temperature
S e pH e :
" S " f) contact of dissimilar metals




g)v dissolved oxygén levels | o
h) 1level of carbon .dioxide concentration .

?Thé intensity of dissimilar métals problem ié.rélated fb_their'felative 
position in the gélvanic series; Corrosion is é difficult p%oblem.ﬁofcontrqi due
to.the number of factors affecting the rate of corrosion. Cdrroéionrappears as
’a problem in increased downtime and maintenanéé costs.

Techniques available to control corrosion include

: a). PH'adjuétment - . . '7.-_ | =

b): cathodic protection ' '
c) protective coatings
d) addition of chemical inhibitors
S§me of the chemical inhibitors available are calcium bicarbonate,rchroma;es and
dichromates, nitrates, polyphoshates, silicates, sodium-beﬁzoafe and orgénié
inhibitors. However ;here ié ﬁo universél'corrosioﬁ.inhibitof for whité water.
v systéms, an inhibitor which may be satisfactory in one system may be ineffective
in another.

Under aerobic conditions electrolytic corrosion tends to dominate'but
under anaerobic conditions b&éterial corrosion becomes very important. In the
_presence of sulfate, sulfate reducing bactefialcontribute to increased .corrosion
rates.: These baéteria.aré able to use cathodic hydrogen;which would étherwise
impede or stop the corrosion process. . An effective control of bacteria induced
"corrosion is through the use of an effective biocide.(3) - o

Scale is the deposit that resﬁlts from the.crystallizétioh, precipitation—r_
or-coagulation of non-resonous substances. As different from pitch énd slime,.
scale is usually assaciated with one of four anions namely_carbohéte, éilicate,
sulfate or oxylaté. Thesé anions in combination with the catibﬁs calcium, mag~_
nesium, manganese, iron, aluminum_and barium are phe source of most scale difficult-

ies. The most prevalent scale is that resulting from calcium and magnesium carb-

onate. The usual way to control scale is through control of hardness level of




the water, the cation level. Water containing soluble ferrous and manganous
compounds will favor the growth of iron and manganese using bacteria which may
4cont£ibﬁte to écale problems. Excessive concentragions of alum can lead tb
precipitation of aluminum hydroxide which may'férm chemical slime. The traditional
-methods for scale éontrol are use of sequesfefing ér dispersing agents. The
‘common ones are polyphosphates, ethylene diamine tetracetic acid (EDTA) and
synthetic organic polyelectrolytes. (3)
Slime-Odor

Wﬁen ﬁhe water system is closed the concentration of dissolved solids
builds in the sysgem. The associated higher carbohydrate and nutrient levels
constitute a more favorabié envi;onment-for bécterial growth. . A potential
céuntefactént to biolagical growth fesulting from this enriched environment is
‘the'increaséd concentration of any biocide which is being added to the systemlv
‘Also the water system temperature may shift'ffom the mesophylic range of 20°C
: to 350C ﬁo the.therméphylic range of 7509C, thus causing a shift in the bacter-
ial population. Thermophylic bacteria tend to form spores and these are more
difficult to kill.(3)

Product Mottle

In more extensive‘White water reuse the concentration of dissolved
solids may'build’to-a,point where it can affect the appearance of the board.
Board manufactured in high recycled whitewater systems has been observed to
..have a slightly mottled pattern on its surface. The pattern is dissolved if
water is applieq to the surféce‘and allowed to dry. This observation suggests
that the mottled appearance is associated with the dissolved solids which have
accumulated in the water system. Since the material browns on drying, the‘impl—

ication is that.it is possible to associate it with dissolved organics.(8)




Metals
t @he'presénce of metals in domestic sewage, indpstfial effluents and
receiving streams is a matfer of serious concern because the possible toxic
properties of these materials may adveréely‘affect sewage treatment systems
of the>Biological systems of the receiving streams; Metals may be determined
' by'ébéorption spectrophotometry, polarography o¥ colorimetric methods. (12)
:ggég )

Foam is produced wheo air or some other'gas is introduced beneath the
sorface of a liquid that expands to enclose the gas with.a film of 1liquid.
Absolutély pure liquids dojnot foao. However in thé whitewater system, the
. effécts of constantly circulation or aerating the the water combined with the
buildup of solids causes extensive foam problems. Although ddfoamers do cut
"down on the problem, ﬁhe particular defoamer needed aepends on the type of

o operation.involved.

Felt Plugging

Felt plugging is usually'associated with long fibers although the
pPresence of large colloidal particles‘may also add to this problem-
Pitch

Pitch problems are both paper and pulp related. Pitch is considered
to be a resin based deposit of widely varying composition originating in
the extractive‘fraction of wood. Pitch is a major problem because it

1) agglomerates and also occludes other matter to form visible
"dirt" in the final product

2) platés,out and collects on process equipment such as screens,
fillers, refining equipment and the paper machine

== 3) reduces pulp brightness and brightness stability.
Hardwoods generally present more of a problem than softwoods since hardwood

~'species generally contain more unsaponifiable matter than softwoods.(19)

Wire Life Reduction




The effects of increased temperatures and buildup of corrosive anions
tend to reduce the wire life of metal screens used on ﬁaper machines. The
R , .

~use of synthetic screens or metal plating can help control this problem.

Total Solids Buildup

Total solids buildup results partially from the buildup of fines, clay
and titanium dioxide whereas dissolved solids buildup is related to alum,

:starch, and retention/drainage aid buildup.

Increased Temperatures 4» . o

Increased temperatures results from constant circulation of the whitewater.
Since_little or no fresh water is added to fully closed systéms, theAfhermal
_ energy of the water is transferred to wires, felts and the machine housings
4causing opefational prpbleﬁs.

Reduced Drainage Rates

Reduced drainage rates occur when solids begin to buil&. The solids clog
the pores in the sheet thus inhibiting the free.passage of water.

Becausévof the va?ious problems’that must be overcome when a mill switches

from an open to.closedbwater system, such a transition should be done g;adually
by reducing the amount of fresh process water. In this connection a laboratory
study was carried out to determine the éffects of white water reuse up to 30
times on ité'contentkof suspended and dissolved solids. The contents of botﬁ
o @ineral and organic residues increased in direct proportion to the number of times
of recycle.‘-Thé average fiber length of the pulp gradually dfopped from the‘
“initial 1.9mm torl.lmm after 22 recycleé. The addition of up to 20%Awhit¢ wéter.
_ pollutants had no significant effect on the mechanical strength of the'paper.(IO)'
St. Regis Paper Cpmpaﬁy carried out extensive laboratory, pilot plant,

"and mill trials to determine the‘changes in composition and quality of watef
“‘flowing to‘the headbox as the percentage of machiﬁé white, water recircuiafed‘in,

‘the mill‘is.increased and how these changes affect ﬁhe quality of the papef aﬁd




the wet-end cheﬁistry on the paper machine. (11) Thé'pilot ﬁfiélsrwefé céfried out
.onvtﬁe péper'machine at Western Michigan ﬁniversity‘and'the mill trials Were :
carried_out with the same furnish as.with the mill trials on a commercial machine
at the company's Sartell, Minnesoté integraged pulp and-ﬁaper mill pfbduciﬁg un- -
coated grades, principally supercalendered catalog.paper. Thelﬁilot’gachine trials
'éhowed that increasing thé white water recircql;tioh ﬁrom 80% to 97Z:iﬁcreased
';the electrolyte level from 809-1000 to 4000 ppm; It was fouhdﬂthét‘;é increased
amoupts of white water aré recirculated in the mill, fhé éohceﬁﬁration of electro-
.lfteslin the headbox increases dramatiéally. Many of the normal wet end processes,
fespeéiail& those depending upon ionic forces of attraction and repulsioﬁ (férm-
- . ation, retention, drainage, etc.) were_altéred in the high sal¥ environment.
The physical and optichl properfies of paper were ﬁot affected by sait levels
v up to 4000 ppm. Therevwas, howevef, a loss of tear and slight loss iﬁ.tensile
étrength'at higher salt 1évels.. It waé concluded that incréasing the white water
recirculation at the Sartell mill should th ha&e any adverse effects on the
QUaliﬁy of the catalog paper.

In 1968, the Halltown Paperboard Company of Halltown, West Virginia decided
;o.close the watef cycle(6). The decision to close-ﬁhe water cycle was:taken for
two feasons: first, the stream into which'thermill's.effluent was dischargéd flowed
into the Shenandoah Rivgr and hence into the Potomac Whicﬁ was being promoted as
a nationai river: and secondly, because it was inlikely thatrthe mill wouid be.~
able to satisfy federal or local standards. The new system would.utilize threg
- bumps‘to deliver all waste ﬁater to a niney foot diameter Dorr-Oliver clarifier.
Retention time ip the.clafifigr wpuld'be 12 hours minimum. Effluent from the
clarifief wdul& péss throuéh a metefing flume to'two>parallel sedimentation basigs
and'tﬁen into a surge taﬁk;;'Efforts_to aid settling.by floccing aids would takév
- place in a mixing chamber before the sedimentation basins. Sludge, contaiﬁing

_fiber; would be continuously returned from the clarifier to one of the two fiiler
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pulpers as the chief source of water for that pulper. The skimmings from the

clarifier would then be flushed to a pair of'parallel connected lagoons through

‘a pipéline, .The settled water would then be.used whereas in the past,'the
occasional'presence of fiber had prevented the reuse of any water in these areas.
Also any settled water would pass through a second.metering flume to the inlet of -
a treatment plant for further clarification andlreuse wherever water of maximum
\claritication was needed.

This system was designed as described above for‘a‘number of reasons;

1. It would satisfy state requirements concerning stream quality during
- 'start-up etc.
2, It was simple

3. It was not expected that the retention of color in the recycled water
- would add to present problems within the system, but at least color
-.would be eliminated as a concern of the public.

4, A’'high biologlcal oxygen demand(BOD) in the system was expected but it
should stabilize and not cause unreasonable product limitations.

-5+ Slime problems were not expected to be worse.. In fact, the proper comb—
inations of biocides, which do not deteriorate very readily, could
actually reduce the costs in this area.

6. The mill would be more independent in terms of water supply, especially
in periods of ice, drought etc.

7. It is.desirable to minimize wet sludge handling and maximize fiber
-retention. ' ‘

8.»_Low operation costs once_capital‘expenditures were made.
' The‘expected benefits at Halltown included a guaranteed_water supply fand maximum
reuse‘of water. Although the system was developed, further literature concerning
the effectivenss‘of the system was not available.

lnl1974,'a Russian mill, the Lvov Board Mill was experiencing a shortage of
process-mater,‘as its sources are artesian-wells. - The mill was_faced with the
necessity of'introducing a closed water cycle. The first step in-this direction,‘
was an improyemént in the waste water treatment system to increase its degree of._
pruification, which up to then was only 40-50%Z. The fibers recovered from two}

. Waco filters were to be reused in stock preparation. The partially clarified
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white water goes to two vertical sedimentation tanks where it is treétea wiﬁﬁ
- aluminum sulféte‘and.polyacrylic amides. The amouqt ofraluminum sulfate added
was 240vg/1; whiie the amount of PAA was 10 g/1. fhe purified.wﬁite water contained
58 mgvof suspended solids per 1iﬁer, having.a PH of 6:5, a chemical'oxygen demand
(cop) of 192 g/1 and fefmanganate oxidizability ofxlSO mg/i. The ﬁhite water Qas
“used for washing felts and cylinder mold wires %gr its two cylinder ﬁold mach-
-.ines whose trimmed width was 2,100mm.(7) Furfbéf information on this systems
effectiveness or.problems'encountered was notfa&ailable. o
The Brown'ébmpany Boardmill of Kalamazoo, Michigan produces approximately
400 toné of recycléd bogboard per &ay. The mill operates on two cylinder boérd
) machines which produce quality board consisting.of éeyen layérs; 6ﬂe topliner,
one backliné;, one.un&erliﬁer and four filler layers. The lérgest of the two
‘machines, number five, has a weB width of 140 incheé. This machine operates on
_.a closed watérioop consisting of three sub;loops: a\primarynloop, a stock prep-
aration looﬁ;-and a save-all loop.(fig. i) Thé primary loop is the major consumer
of wéter.(fig. 2) Here water which paéses thfoﬁgh the cylinder screen along
with cylinder shower water falls to silo below the machine. A fanpump draws
water from the silo and mikes.it with~stoék from a headbox located directly
above the machine. The diluted stock is then passes throdgh a 75 ﬁ;p. Black
Clawson pressure screen. Aécepts from the screen will-go directly to the form-
ers to be used in the board. The primary.loops for the topliner ;nd backlingr'-
are similar to the filler priﬁary loop just described eicept the stock passés
'7 tﬁrough a battery Qf:Bird ﬁriclean centrifugal cleaners after the pressure screen
tb'insure a good ¢leanrstock in these layers. |
| Excess_wétef from fﬁé silos.élong~with mabhine screen rejects will bé
sent to the‘étock pféparation.and saveall loops.(fig. 3) Heré thé water'eﬁters_rr
‘a Polydisk.sévealljwhich separates the water into a clear.water reserve.and,a

cloudy water reserve. . The difference between the two is that the éloudy water




is richer in fines and solids than the clear water. The c1¢udy'water'is sent
‘through a‘JoﬂnsOn-scfeen'and back to the saveall. Clear water is sent to a

white wafer supply tank. The saveall operates in a fashion similar to a Buchner

fupnei. ‘Here water is filtered through a matjof fibérs in order to filter.out
the solids to obtain cleaﬁed process water, The polydisk operates by rbtating.

a Sefies‘of disks, circular in design,.inia vat af stock. The disk.is cévered
_wifh a fine mesh screen on the :outsi&e and.is:under pressure 6n_the inside

in order.to pdil.water throﬁgh the‘screen. ‘As the disks rotate, a mat éfufibefé
is formed on the outside and water is sucked‘thrqugh this mat. On the upturn

‘of the disks, the filter mat isvwashéd off by the use of disk showers which use
:water,from the clear water reservé. Stock that is washéd off the disk is sent

fo ;ﬁe polyaiék stock ddmp cﬁest where it is sent to a headBox. From the head-
box it is mixed ﬁith watervfrom the wﬁite water supply tank and sent to the
;Hickener{ Just as Ehe name implies, the thickener iﬁcreases‘thé consistency

of the stock. This stock is sent to a filler stock dump chest, after the thick-
ener. It is then'péssed through thé refiﬁers and sent back to the filler‘primafy-
loop. White water from the thickeners is sent to énother'white water supply

tank which‘is‘also fed by the filler reserve white water tank. . This is then
used to‘feed ﬁﬁe filler and broke hy&ropulpers. In fofming the_shégt layers,
water leaves Qith the plies and is evaporated in the dryer sectioﬁ. .This water
loss is made up for by introducing fresh water to-the'systeg. The fresh watef

used for the system is ground water from a well. This well water is both "hard"

'and high in ferrous iron content.

‘Water Classification
Aciditz“
' Acidity is a method of ekpreséing the capacity of water to donate'hydrogén

‘ions and gives an ihdicétiqn of the water's corrosiveness. The acidity of natural
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waters is normallf very low unless.strongly acidic.industrial Wate;s have beeh
introduced. Acidity ean be caused by weak organic acids’ such as carbonic, acetic
‘or tannin acids;‘or by strong mineral acids such as eulfuric'or hydrochloricv
acids from ipdustriel wastes. Hyarolyzable ihbréanic salts such.as ferrous and
aluminum sulfate also contribute to the acidity of a.water;

Acidity is ciassified by the pH value of the titration end poiﬁt. .In noe—
»pelluted waters the acidity is due primarily to dissolved'carboﬁ dioxide which
.can be neutralized.by titratioﬁ te its neutralization end point at pH 8.3. This
valee.corresponds‘to the color change ef phenolphthalein indicator and is commoniy
called the Phenolphthalein Acidity. "For systems which are more complex (such as
industriai wastes or bufferea.solutions) a pH of 3.7 has been arbitrarily chosen
which gives an estimate-~of the strong mineral acids present. .Methyl orange end
point is difficult to see, bromophenol blue indicator is e good replacement.
Bromophenol blue indicator gives a sharp yellow to pure green end point. Acidity
‘, can also be determined by using a pH meter to follow the solution pHVto the
correct end point value as the standard base is added(lé,lB).

Alkalanity

Alkalinity refers to the cepability of water to neutralize acids. The
presence of carbonatee, bicarbonates, and  hydroxides are the most common: causes
of alkaiihity in natural waters. The levels and types of alkalinity are directly
"dependent on the source of the water. Natural su?face andeell waters usually
contain less alkalinity than sewage or wastewater samples. High levels of alkalin-

ity‘indicatevthe presence of strongly alkaline industriel wastef Alkalinitf,is'
expreesed as "P"‘(pheﬁolphthalein) or as "T" (total) elkalinity.’ Both types are
determined by titration with sulferic acid standard eolution, 0.020 N, to an end;
point‘evidenced‘ by the color chenge of a standard indicater solution or determined
with a pH meter; Low‘aikalieity eonceﬁtrations are. determined by measufing the amount

of standard acid necessary to affect a pH change of 0.30 units, starting between
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. pH ﬁ;3 and 4.7. The "P" alkalinity is determined by titration to a pH of 8.3 .
_ (the phenolphthalein end point) and registers the total bydroxide and one half
the Carbonatg preseht. The total alkalinity includes all carbonaté, bicarbonate
and hydroxiae alkélinity.‘ The "T" alkalinity is determiged by titration to a
pH of 5.1 (alkalinity approx. 30 mg/l), pH 4.8 (alkalinity abprox. 50 mg/1),
.pH 4.5 (silicates or phosphages present), pH 3.7 (industrial waste or comples
sysﬁem). (12,13) / |
Aluminum 7
Aluminum is the earth's most abundant metal and is present in natural waters
from contact with'rocks, soil, and c}ay. Alum coagulation is water clarification
systems‘may'also contribute to aluminum content of treated water, though only 20
“to 50 ug/l aluminum remain in the finished product from a well coﬁtrolled operation.
The aluminon method is ;ne of the oldeét and most throughly documented methods
available for determining alumiﬁum in water. Aluminon indicator combines with
aluminum in the sample to form a red—orangé color, the intensity of which is
proportional to the aluminum concentration. Ascorbate reagent is added to remove
“iron intefference(lZ,lB).
Barium
| Barium is relatively abundant in nature, 16th in order of.rénk, though inyv
trace amounts are usuaily found in water. Barium concentrations average about
0.05 mg/i in potéble waters but may range as high as 0.9 ﬁg/l in some natural
‘waters. More than'l.d mg/1 bariﬁm implies the watér'isvnot suitablé for drinking
And‘being polluted by industrial wastes. Barium présent as the sulfate which is
‘held in suspensioﬁ by a protective colloid.-.The‘amount of turbidity caused by
the fine white dispersion of particles is directly proportional to the amount of
barium present. Barium stimulates the heart muscle. A‘b&rium dose of 550 to 600

mg is considered fatal to humans. Afflictions arising from its consumption, in-

.'hélation, and absorption involve the heart, blood vessels, and nerves(12,13).
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Cadnium

Cadmium is highly tokic when taken by mouth or iﬁhaled and has Been implicatéd

'in some cases of food poisoning. A concentration of 200 ug/l1 has been found lethal

to certain fish. Recent work has shown, however, that traces of cadmium may be

essential to proper diet. Cadmium may enter a water supply as the.result of plating

bath or other %ndustrial discharges, or through the deterioration of galvanized

.- plumbing. The cadmium concentration of drinking water in the United States is es-

timated to vary between 0.4 to 60 ug/l with an average of 8 ug/l. Public Heaiﬁh

Service drinking water standards limit the concentration of cadium in acceptable

. potable water to 10 ug/l. Minute quantiﬁies of cadmium are suspected of being-

résponsible.for adverse renal arterial changes in human kidnéys(12,13);—~«

~ Calcium

Calcium is the fifth most common element and is found in most'natUral waters

at levels ranging from zero to several hundred milligrams ﬁer'liter..
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- Calcium-contributes to the hardnéés properties of wéter and test results
'dre usually reported as calcium hardness, mg/1 équiva]ént caTCium cérbdnate.
| The EDTA titration for calcium is similar to_thé method for measuring total
hardness, calcium b]us'magnesium, differinglin the choice of indicétors and.‘
a higher keaction pH to remove magnesium interference. The presence of
calcium in wdter'suppiies results from passage through'pr ovgr'deposits 6f
,1imeston§; do]omite gypsum, and gypsiferou$ Sha]e.. The/calcium~content may
range from zero to several hundréd mg/1, dependingion.the source and tfeatment
of the water. Small concentrations of calcium carbbnate combat corrosion of
metallic bipes by laying down a-protective coating. \Appreciable ca]éium
salts, on the other hand, break down on heating to form harmful scale in
boi]erS'and pipes._ Chemical softening is emb]oyed to reduce the calcium

and the'aséociated‘hardness to tolerable levels(12,13).

Carbon Dioxide

Carbon dioxide is pretht ih all surface waters in amounts genefa]]y
less than 10.mg/1. Thdugh ﬁigher conceﬁtratfons in ground waters are not
uncommon. The dissolved carbon dioxide has no harmful physiological effects
on humans and is used to recarbonate water during the final stages of watef—-'
softening processes and to carbonate ‘soft drinks. High concentrations of

'_dissolved carbon dioxide are corrosive and have been known to kill fish.

‘BorOh; _

| Trace amounts of boron are found in many drinking watérs and in sbmé
natural waters. The amount présent is usually less thénko.l mg/1, higher
amounts not uncommon in some areas. Small amounts of boron are essential fori

plant growth, but watérs containing ohé to two milligrams per diter of boron -

- ar more have an adverse effect on vegetation. Large doses of boron in

~ humans can affect the central nervous system. Drinking water concentrations
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1éss:than_l.0.mg/1 are generally considered harmleés. High boron concentrations

are usually caused by residue from t]eansing agents:- and by industria1 wastes(12,13)."

Ch]ofidegA

| - Chlorides are present in all potab]e water supplies andlin sewage,
.Usually as a meta]iic salt. When sodium is present in drinking water, ch]or%de
‘ ‘coﬁcentrations in excess of 250 mg/1 give a Ea]ty taste. If the chloride is
: preSent aébavcalcium or magnesium salt, the faste detection level may be

as high as 1000 hg/] ch]oride. Chloride is essential in the diet and passes
through thevdigeétive‘system unchanged to become one of the major componénts
:of rgw-sewage. The wide use of.zeolife in water softeners also contributes
a Iérge amount of chloride to sewage and wastewaters. High chloride concen-
trations in wéter are nﬁt known to have toxic effects on man, though large
amounts may-act corrosively on metal pipes and be harmful to plant life.

~ The maximum allowable chloride concentration of 250 mg/T in drinking water
has been established for reasons of taste rather than as a safeguard against
physical hazard. The Mohr Argentometric Method is the most widely kmown}
 ‘test~for chloride and uses a chromate indicator. The sample is titrated
with a silver nitrate standard solution to selectively precipitate first the
chloride présent,'then the chromate.- The end point of the titration is

indicated by the appearance of a red silver chromate precipitate(12,13).

Chlorine .

_Ch]drine is_added to public drinking supplies, sewage‘treétment
plant gff]uents,‘and swimming pools to destroy harmful bacteria. A constantt
leVEI of‘l.O mg/1 free'chloriné is generél]y-adeduate to control bactéria |
withbdt caﬁsing a anious odor‘or taste. Chlorine can be present in wafer 
“as free ayaiiab]é ch]ofine' and as combined available chlorine. Both forms

exist in the same water and can be determined together as'the‘total
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~available chlorine. . Free chlorine is present as hypoch]orous'acid and

or hypochlorite ion. Combined chlorine exists as monochloramine, dichloramine,

nitrogen trichloride, and other chloro derivitiyes(12,13).

Sodium Chromate

Sodium chromate is often added to water in industrial cooling towers
to inhibit cornosion of metal pipes and fittings; Alkaline solutions of
sodium cﬁromate'give a strong yellow color. -In'acjd media,ahowever,'the
solution is orangeland the sample must be treated'to raise the pH to give the

ye]]ow color necessary for the determ1nat1on since the 1ntens1ty of the

'yellow color is d1rect1y proport1ona] to the amount of sod1um chromate present(13)

Chrom1um .
Chromium may be present in water as the hexava]ent chromate or the
trivalent chromium form, though trivalent chromium rarely occurs in potable

water. Hexavalent chromium enters a water supply through industrial wastes

- from metal plating baths and from industrial cooling towers where chromate
‘is used to inhibit metal corrosion. Chromium is an objectionable contaminant
’ due to its suspected carcinogenic effects. Chromium present in potab]e waters‘

—above a 3.0 ug/1 1eve] indicates the presence of 1ndustr1a1 wastes

Concentrat1ons greater than 50 ug/1 are suff1c1ent grounds for re3ect1on

E

of the water supply(lZ 13).

Copper

Copper may occur in natural waters, wastewaters and industrial effluents
as soluble copper sa]ts or as precipitated copper compounds on-suspended |
so]1ds Trace amounts of copper are necessary for normal body metabolism and
1ts absence is known to cause nutr1t1ona] anemia in children. Large ora]

doses of copper can cause emes1s and may eventually result in liver damage

Though copper salts are often added to ponds to contro] aquat1c plant life,
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‘ ]afge amounts have been shown to be toxic’to fish. Copper is not generally
considered a health hazard, but more than 1.0'mg/1 can impart a bitter taste
to the water. The average concentration-oﬁ ccpner in potable waters is
0.03 mg/1, occasionally ranging up to 0;06_ng/1 in natural waters from some
areas. A maximum of 1.0 mg/1 copper is recommended for all public drinking
Supp]ies{ and concentrations above 3.0 mg/T are régarded as sufficient grounds
for reaect1on of the supply. A good method for measuring copper is the
B1c1ncon1nate Method due to its ease of analysis, high sensitivity and freedom
of 1nterference from those materials norma]]y found in water and wastewater.
Thc-indicafor‘gives an -intense purple color whénlcopper is present so a
| _specfophotometric cest'can be run(12,13).
N Cyan1de " R K
~ Cyanide is extremely toxic and occurs pr1mar11y in industrial effluents.
‘f Meta] c]ean1ng and e]ectrop]at1ng baths, gas scrubbers, gas works and coke ovens,
and other var1ous chemical treatments are the main sources of the cyanide
found in industrial wastes. Natural waters do not contain cyanide and its
preSence.norma]]y indicates contamination‘from an industria] source 'Proper
- neutral or alkaline chlorination of wastewaters conta1n1ng cyan1de w111 reduce

the leve] we]l below maximum 11m1ts(12 13).

Hardness;‘ | | o
Originally‘the hardness of a water was understood to be a measure

of fhe capacjty of the water for precipitating soap. Soap is precipitated

’chiefly'byAthe clacium and magnesium ions commonly present in water, but,

‘ méy\a]so be precipitated by ions of other polyvalent metals such as_aluminum,

inon; manganese, strontium, and zinc, and also by hydrogen ions. Hardness-is'

defined as a characteristic of water which represents the total concentration
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of‘éa]cium and magnesium expressed as their calcium qarbonéte equivéleht;_

- Hardness concentrations were originally expressed as grains pef.gél1on but -~
are now commonly reported as milligrams per litér, 1.0 g/gal =>17.16 mg/1.

The hardness test is the most frequently performed analysis in the water
industry. Large amountsvof hardness are undesirabTe for aesthetic and economic
reasons iﬁ many industries énd must be remoVéd before the water is suitable

for use; , e.g. the beverage, food, laundry, metal finishing, textiles, and

pulp and paper industries. LeVe]s about 500 mg/1 hardness are undesirable for

| ddmestic'use(12,13).v.

Iron.
Natural waters contain variable but minor amounts of iron despite

. its universal distribution and abundance. Iron in ground waters is normally

present in the ferrous, Fe2+

3+

, or soluble state whiéh i; easiiy oxfdized to
ferrfc, Fe” ", or inéolub]e iron on exposure to.afr. Iron cah,enter a water
system by 1éach1ng natural deposits, from iron-bearing industria] waétes,

- effluents from pickling operations or écidic mine drainage. Iron in domestic
watgr supply systems stains laundry and porcelain. Taste thresholds of -
iron in water are 0.1 mg/1 ferrous ion and 0.2 mg/1 ferric ion. Water in
industrial prbcesses must usually contain less than 0.02 mg/1 total iron.
A good method for iron analysis is the 1,10-Phenanthroline Method. The

| 1;10-Phenanthroline reagent gives an orange color with ferrous iron and

is free from common interferences so a good spectrophotometrical analysis

can be made.

Lead
Lead is se1dom found in ground waters in more than trace quantities -

and averages about'lolugll. - Natural waters also contain very low 1éyels of
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1ead due to its tendency te be precipitated by a 1arge»nunber of-substances.

. The ]eve]‘of lead in public water supplies 1su§ua11y very low, 1ess:than
iO.ug/i; unless storage tanks have been painted with a 1ead5base paint or
"1eadvpiping or fixturee are used in the de]ivery system, Lead-is a serious--
poison nhich tendskto accumulate in the bone sfructnre when ingested in levels
exceeding the natural elimination rate of about 300 ug Pb/day. Lead in

nater normally indicates the intrusion'ef industrial mine, or sme]tef‘wastes, ':

or the decomposition of lead p]umbing_fixtures and pipes(12,13).

Manganese

Manganese is present in ground waters aé theidiva]ent ion, Mn2+,
due to the lack of subsurface oxygen. Surface,watens may contain combinations
. of manganese in va;ious oxidation states as soluble complexes or aa suspended
‘particles. The occurrence of manganese in pub]ic'watef'supplies presents
more of an economic problem than a potenfia] health hazard. Manganese causes
dark stains in laundry and on plumbing fixtures,.tends to deposit in water
Tines, and imparts an objectionab]e taste to beverages such as coffee and tea.
_Manganese in natural waters rarely exceeds 1. 0 mg/] but levels of 0.1 mg/] are
suff1c1ent to cause taste and staining prob]ems The Per1odate 0x1dat1on
. Method gives a simple, rapid test for high concentrations of manganese. The

determination is made by oxidizing the manganese to the deep purple permanganate

ion, MnQg, and'measuring the amount of color development(12,13).

Mercury J
| | Mercury is not commonly found in natura] waters and 1ts presence
1nd1cates po]]ut1on by industrial wastes from metal: process1ng pharmaceut1ca]
‘or ehem1ca1 manufacturlng p]ants. Mercury can also enterlthe,water system .
,‘tnreugh‘agricuitural.pesticide, herbicide, and'fungicide,residues,‘Or througn |

“residual medicina] compounds.  Organic phenyl and alkyl mercury residues,

.‘flx..Z
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typically as phenyl mercuric acetate or methyl mercury, are the‘most commonly
‘Afound mercury complexes in water, and have nearly identieal toxicity properties
as elemental mercury. Pro]bnged mercury ingestion ean cause loss of muscle
“control, kidney.damage,»pefebna]ity changes, and permanent brain damage.

Both inorganic and organically bound forms of mercury can be absorbed through
the skin, causing burns and damage fo internal membranes. Acute dosages in

humans usually cause death within ten days(13).

Nickel
- Nickel 1is seldom found in natural waters but is often present in
industrial wastewaters as a corrosion product of stainless steel and nickel

a]]oys, and from metal plating batﬁs.

- Nitrate
Nitrate represents the most completely oxidized state of nitrogen
commbn]y found in water. Nitrate-forming bacteria convert'nitrites into
nitrates dhder aerobic conditions and 1lightening converts large amounts of
atmospheric nitrogen, NZ} directly to ni;rates. High levels of nitrate in
water indicates biological wastes in the final stages of stabilization or
run-off from heaviTy fertilized fields. Nitrate-fich eff]uents discharged
into receiving waters can degrade water qua]ity by encouraging excessiye
grdwth of algae. Drinking waters containing excessive amounts of nitrates can

cause infant metheoglobinemia, blue babies(12,13).

Phosphorus.
' Phesphords occurs in natural watefs and waetewaters almost solely as
phosphates. Phesphates are widely used in municipal and private water treatment
' systems and are commonly grouped into three types: orthophosphate, eondensed .
(pyro, meta, or other po]y) phosphate, and organically bound phosphete; The

orthophosphate is the only form determined directly. The other types require
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pretreatment for conversion fothe orthophosbhate fbrm for ana]ysfs.. Phosphates
enter the water supply from agricultural ferti]izér'run—off, water treatment,
and biological wastes and residues. Industria]ieff1uents related to corrosion
and scale control chemical processing, aﬁd fhe use of detergents and surfactants
contribute significant]y.' Condensed phosphates are the'forms commonly used »,
in treating water systems and boilers, and in detergent_formuTations; ‘After
being di§§o1ved in water, thesé are converted to orthophosphates at différent
rates depending upon their types, the temperature‘of the wéfer and the pH.

‘A certain amount of phosphate ié essential to organisms in natura]rwafers :
and'is often the 1imiting nutrient for growth. Too much phosphate can

produce eutrophication br over-fertilization of re;eivingrwaters aspecially

if 1arge amounts of nitrates are present. The result is the rapid growth'

. oflaquatic,vegetation in nuisance quantitiés,,and an eventual 1owering of.the

diilolved oxygen content of the lake or stream due to the death and decayrof

aqdatic vegetation(12,13). |

| Sf]ica normally exists as an oxide, Si02, as in sand or as a si]icéte,
Si044"0r 51032‘. Silicon is €he world's second most abundant element and

is present in most waters. It has nd known toxfc effects and is used to form |
protectivé inner coatings onApipeé to inhibit corrosion,v A silica cycle
occurs in many bodies of water containing organisms, such as diatoms, that
'utilize silica in their skeletal structures. The silica removed from the
~ water may be”S]ow]y returned by resolution to the dead brganisms; 'Among
the methods for silica removal are ion exchange,_d{stillation, the hot and'
co]d‘liméfsoda-magnesium processes, the ferric hydroxide process, and the
f]Uosi]icate'process.- The Silicomolybate Method involves the reactjon_df' '

ammonium molybate with silica and phosphate to form a yellow color. Citric
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‘acid is. added to destroyv the phosphomolybdic acid camplex (the yellow color
formed due to. the phosphate) but not thé silicdrblybdic acid complex. For
vlarge amounts of silica the remaining yellow cbloif is intense enough to be
read direct']‘.y.‘ For low concentrations, an Vatm"no acid reducing agent is used
t»o>convert the faint to yellow color» to a ‘da_rk blue for spectophotametric
~analysis(12,13). | | | |
Sodium is the sixth most common _élanmt and is present in neérly" ;flI '

natural waters. Brines, hard water, and water softened with sodimn—forr.ﬁr \resiri
exchange units have sodlmn conce:mtrations. Sodium is usually analyzed by
flame photometric or gravixxuetric techniques; both of which are time consuming

and involve sophistitated equipment (12,13).

Sulfate ‘a‘ppeai:s‘ in natural wateré in a wide range of .concentrationsf Mine
waters and industrial effluénts frequently contain lérge amounts of sulfate from
- pyrite oxidation and the use of sulfuric acid. Also due to the use of sulfate
in the Kréft proces‘s of papermaking, it méy enter a water system. Public .
Health Service drinking water standards call for not more than 250 mg/1 of
B sulfate because of itg cathartic acti01.1. The tasté threshold of magnesium

sulfate is 400 to 600.mg/ 1 and for calcium sulféfe is 25'0 ﬁo 800 mg/1. Sulfate
ﬁlay be either beneficial or detrimental in watér used for manufactui'ing and = |
domestic supply. The presence of sulfate is advantageous in producing desired
flavors in the" brewing industry. In domestic water systems, sulfates do not
appear to cause any increased corrosion on brass fittings but concentrations

above 250 mg/1 -do increase the amount of lead dissolved from ]_.ead pipes 12,13):
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Sulfide is a poieonous by-product of the anaercbic decoméosition of
‘organic matter and is commonly found in sewage and industrial wastewaters.
Sulfide can be present as' the free sulfide ion, ‘Sz', or as dissolved hydrogen’
| sulfide, HZS and HS  The toxicity of hydrogen sulfide is equivalent to that
,.of hydrogen cyanlde but its offensive odor is detectable long before toxic
levels are reached. A test for sulfide is based on the ablllty of hydrogen
sulf‘ide and acid—selubl_e metallic sulfildes‘ to conveft N;N—dixnethyl—p—phenylene—
diamine oxalate directly to methylene blue. The intensity of the methylene blue
color developed is directly prdpo;‘tional to the amount of sulfide present
in the original 'sample. | Strong reducing agents such as sulfite, thiosulfite, -
and hydrbsﬁlfite J’nterfere by reducing the blue color or preventing its
development (12,13). | ERE R
- Sulfite
‘Suifite is most ecurmnly found in boiler and boiler feedwater where it
v is ﬁsed to inhibif corrosion by reducing di.ssolved oxygen It may also be
found in industrial westes such as paper mill effluents. Sulfite is not ccﬁmorily

present in natural waters since it re_adily oxidizes to sulfate (12,13).

Tarmin occurs in natural waters in varying concentrations as a product of
y_egetative decomposition. Industrial wastes from tanning industries nearly
atiways contain some tarmin, as do boiler water residuals where tannin has been
‘added to help prevent scale production. Lignin is a natural plant product
diSchargéd as a paf)__er pulp manufacturing wéste. Tammin and lignin both contain
hydroxyl groups and eﬁuibit similar propertj‘.es in water, Results are normally

- reported as total tammin and lignin present expressed as mg/l tannic acid.




26

Zinc

Zinc concentrations in most water supplies average about 1.0 mg/l but
may range as high as 50 mg/l in some areas. Though z.i.nc is commonly found in
many natural waters, the deterioration of Igalvanized iron and leaching of
bi:a.ss can add substancial amounts. Industrial effluents may contribute large
amounts of 'zi.nc, and hlgh concentrations suggest the presence of lead and

 cadmium, common impurities from the galvanizing process. Zinc is essential
. to human metabolism and has béen found necessary for proper body growth.

, ngh concentrations of zinc: in water act as stomach irritants but the effects
are temporary. Concentrations above 5 mg/l show no harmful physiological
effecﬁs but can cause a Bitter taéte and/or an opalescence in alkaline drinking
water. For this reason, the maxdmm recommended zinc concentration in public
drinking water suppla'.es has been set at 5 mg/l. Zinc can be determined by
camplexing it with cyanide, then freezing it with cyclohexanone to be complexed
 with zincon, 2-carboxy-2'-hydroxy-5'-sulfoformazyl benzene (12,13).

- Turbidity |

Turbidity occurs in mo_sf surface waters as the result of suspended clay,
silt, finely divided organic and inorganic matter, plankton and other micro-
organisms. Turbidity measurement of water is important to thbse indlljstries
where the product is destined for human consumption, subh as the food and beverage

- industries, and mmicipal water treatment plants (12,13).

pH
'pH is defined as the logarithm of the reciprocal of the hydrogen ion

. activity expressed in moles per liter. More simply, the pH value of a water

~ sample expresses its tendency to accept or donate hydrogen ions on a scale of
0, very acidic; to 14, very basic. Pure water at 25°C is neutral énd has a

defined pH value of 7.0. The pH value represents the instantaneous hydrogen
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ion activity rather than the buffering capacity or the total reserve as in
acidity and alkalinity tests. Most natural waters range from pH 4 to pH 9

‘and are often slightly basic due to the presence c;f carbonates and bicarbonates.
A‘maj‘or deviation from the normal pH for a given water indicates the intrusion
of strongly acidic or st;rongly basic industrial wastes. pH adjustment is a
common practice in water treatment processes and is used to control corrosion

" within the distribution system.

Specific Conductance

Specific conductance as it applies to water analysis is a measurement
of water's capacity for conveying electrical current and is directly related to
the concentrations of ionized substances in the water. Once correlations have
been made betweén co;lductance \}alues and the characteristic norms of the system
-being monitored, it becomes a useful measurement in managing water processing.
‘Depending on the particular application, a change in conductivity can signal
such things as the need for adding chemicals or regenerating the system.
Specific conductance measurements are cammonly used to determine the purity

of demineralized water and total dissolved solids in boiler and cooling tower

water (12,13).

0il and Grease

0il may be present in natural waters from the décaqusition of plankton
and/or higher forms of aquatic life. Mbst oils and greas_és' aré insoluble in
water but can be emlsified or saponified by alkalis, detefgenﬁs, or other chemicals.
Some lighter petroleum fractions evidence a light water solubility and may form
- a slick on the water surface. Oil or grease in water generally indicates pollution

from industrial wastes (12,13).
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Experimental Procedure

‘White water samples were collected from thé filler primary 1oop.' Since
there are five ﬁrimary loops for the filler cylindefé, cylinder loop number
three was chosen for sampling. Samples collected for analysis were collected
in such a way as to provide the most representative a sample as possible. In
general, they were taken near the center of the ﬁesselubr duct and below the-
éutfacé. Only cleaﬁ boﬁtles, beakers, or self—sealingvplastic bags were used.

- Samples were taken as cloéely as possible to the.source of the supply to
minimize the effects of a distribution system. The white water was alldwed te
run for sufficient time to flush the system, and the sample container was filled
‘slowly with 'a gentle stream‘to avoid turbulence and bubbles. Fresh water samples‘
frbﬁ'wells whould be qoilecﬁed after the pump has run long enough to be delivering
v watér thaf is representative‘of the ground water feeding tﬁe well. Fresh water
éampiésvwerebcollectéd at the calendar stacks where it is used as cooling watef.

Generélly és little time as péssible elapsed between collecting the‘samplé
and making the analysis. Depending on the nature ofkthe test, special precautions'
in handling the sample may also be necessary to prevent natural interferences
such as organic gfowth or loss or gain of dissolved gases. If samples could not
be tested immediately, storing in a refrigeraﬁor is neéessary. However; biological
growth may‘appear in sampies stored over long periods of time.

All of the colorimetric and titrimetric tests used for whitewater analysis
.should be performed with‘sample temperatures between 20°C (68°F).and 250C (77°F).
Watef'samples.were analyzed using a DR/2 spectrophotometer by Hach Chemical Co.

- and also by titfation methods.

. For an experimental run, fresh well water samples were analy.zed and recorded
:-as day.zéro.v After the cjlinder machine had beeﬁ running for approximately one
Qéek,fsamples were collected and tested for certain cations and anions which may

 cause operational problems with water reuse. The white water was monitored for
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18 days to detect any changes in the'cbncpntrations with machine runﬂing'time.

The methods used for the water analysié are listed in:thé appendix.r

‘Resulfs;‘ B
| Data'obﬁained forvthe test period of Janﬁary\Z& tﬁrough February IOVis shown v §

~in tabié‘l. This data ié also plottedv(Fig.4f14) on gfaphs drawn by—thercomputer

‘téfminai aﬁ‘Westérn Michigan University. Sincelffesh water is used'forrmakéup
-__wéter Qﬁén‘fhe:systém is flushed for cleaﬁ;p, the'Valueé of fresh watef concéntrat-
‘. ions wéfé plotted at day zeio.‘ Since tests were'étartéd 9 days after the machine’

L.héd a startup, the curve draﬁn over the first éight‘days is insignificant and ohly
repreSenté the computer’s,attemﬁt to connect the points with a spline cﬁrvg.

Averages for the first ten days of ruﬁﬁing were tébulated and compared with

‘ values aftér eighteen déys rﬁnning time. This data is shown in table 2 along with
the trends in these average values. Values for the last five days of testing were
: a#eraged énd réported also. -
~ Since tests’wefe run for,conéecutiQe!days, the ;elative.changes in.concen;rat—

- ions fromidéy to day-could be tabuiated’aﬁd Eﬁeée‘vaiués are feported in fable 3.
'.; thice Qalueé:for the Chang;s ih-céliper and ﬁééis weight for the days tésted. |

'vTheselvalués show the per cent incfease or decreaée frggvthe7résults fof.the pfé&ious
dsy. | |

Results Discussion

Thé é6ncentration silica in the whitewafer as ruﬁﬁing timeris incfeéséd is éhown

‘fgraphicaliy in.figufé 4. As séen from this graph, the concentration in the fresh

ﬁatér is approximatély 11 mg/1 and does changeiéignificantly after 9 days running
.Htime.’:It dées however show an iﬁcreasg‘after eighteen days running time. 1In comp-
“aring‘ﬁhis graph to figure 14, it appears that the concentration may bé related to'

E éhanges in board Calipér ét the:timé df sampling. When the same éalipef of board

was produced; for exémplé of thé_BtH and 9th of February, the conéentratién did show

" a definite increase. 'In table 2, the average values increased with days running
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time indicatingia buildup with increased recirculation.

The-buildup of tannin-lignin with machine running time is shown graphically

in figure 5.  While the fresh makeup water contains zero mg/l of these substancés

' there 1s a gradual increase after 9 days running time. The levels are reaching

significant amounts after 18 days running time. This could lead to operational
problems is uncontrolled. From table 2, it is obvious that the average values
afenincreasingf&ith days ronning time. In comparing this graphiwith figure 14,

iﬁ appears that figure 5 somewhat correlates with the graph of board caliper.

: This.again indioates that machinevvariables may affect the concentrations. " The

changéé io caliper may acoouot_for the deviations or the dips and peaks, although

other,factors such as furnish and machine funnihg speed may contribute. When the

. same caliper was produoéd for consecutive days however, the tannin-lignin concentr-

ations did show an increaéo.

‘Calcium, one of the cationms oeéted, is showo in figure 6; The fresh water
appears to be quite."oafd"-withva concentration in excess of 160 mg/l. The curve
does shoW-thét the oalcium concentration is decreaéing with machine running time.

This-trend indicates that calcium may be precipitating out as the hydroxide or

7fo:ming scale on the inner walls of pipes. In comparing figure 6 to figure 14,

it appears that board caiiper has little iﬁfluence on calcium concentration. The
évéroge-volues of the calcium are decreasing in table 2.

. The concentration chloride is graphically pictured in figure 7. The fresh
wafer contains over 100 mg/l and‘this valueA&oés not change drastically o&er a
9 day running period. ‘The graph does show that the concentfation is not steadily
increasing or decreasing bot flucuating. In compéring the graph with figure 14,
the changes in calipofIgay ihfluencé the chloride concentration but the data is not
consisteﬁﬁ for a difeot determinétion of the proportionality between the two.

The concentration of iron versus days of running time is plotted in figure 8.

l.Thevgraph shows the iron content to be decreasing after 9 days running time and
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.remaining under 1 mg/l for thekrest of the test period. The iron may be tied up
'in the water by anions already present. ﬁhen a small amount of sulfuric ecid was
~added to'theksample and then-the test repeated for iron, the concentration increased
. tremendously indicating insoluble iron compiexes iﬁ the water. In comparing figure
8 to figure 14, it appears caliper-had no direct influence on the iron content.

A graph of aluminumvconcentration versus daYSuof running time is shown in
figure 9; The,aluminum concentrations are quite~10w in the whitewater but are
fiucuating. In comparing this plot to figure 14, the board caliper may be influ-

’ encing the aluminum concentrations. Since the concentration of aluminum in the |
~ fresh water is qnite low, the eluminum concentrations may be due to alum in the
furnish used.

Fignre 10 gives a graph'of phosphates versus days of running time. Here the
phosphate-level in the fresh water is quite low although the white water shows
a definite increase with running time. This graph shows no dips and peaks as in
the other graphs. Since there seems to be no dependence on caliper, the phosphates
are probably entering the system from water squeezed from the felts at the couch
roil nip. Detergents containing phosphates may be present in the felts from the
.showers used to clean them. The high lerel of phosphates will tend to favor bacter-
ial growth since this is an essential nutrient. Phosphates at these hiéh levels
may be causing operational prohlems due to slime growth and corrosion. \

- The concentration nitrates in the water is given in figure 11. Here the
concentretions are oarying and show no steady increase with machine running time.
It aopears to be influenced by aAmachine variable or the furntsh. The nitrates
most iikely enter the system from protein dissolved from-érades orEViously coated
-and used in the furnish. In‘comparing this graph'ﬁith fignre 14, the caliper'seems
'to‘affeot nitrate concentration, especially at high caliper. | |

| | The caleinm carbonate hardness versus days'ot running time is shown in figure

12. The fresh well water is quite'hard but the hardness is decreasing with running
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© time. This gives an indication that the cationic level.is_decreasing or the water

has a high cationic demand

. The alkalinity of the white water is given in figure 13 The alkalinity of
the water is itS'capacity'to neutralize acids,' The .alkalinity is not changing

drastically as seen in'the curve. In comparing the alkalinity curve.to the calip-

er curve , there is ev#déence that an increase in caliper is related to an increase

in alkalinity. However, other factors may be involved in this phenomonon.

The incre;se in sulfate concentration is seen in table 1. The level of sulfate
after 9 days running time is quite high thus adding to the anionic character of the

whitewater. The sulfide levels were qu1te low ayet they were larger than the fresh

-water concentrat1ons. Barium was, not found to be present in the white water or the

freshwater.

" .The' pH measurements on the white water showed the water to be neutral to

‘ slightly alkaline. Conductivity measurements showed the.whitewater to he more

conductive than the fresh water due to the.higher levels of: ions.
‘ )

 Zeta Potential measurements taken the white water samples. taken in March

-shbﬁed a consistent ualue of -40 mv, indicating the colloidal particles in the

water to be relatively dispersed.

CuncluSiona

As evident from table 2, the anionic character of the ‘white water is increasing

frem the data on silica, tannin-lignin, chloride, thsphates, and nitrates. It

. appears that the cationic character of the white water is decreasing from data on

ealcium, iren, and. alkalinity. _The concentrations of phosphates and tannin-lignin

-showed steady rises with increased running time. Flucuations were readily observed
'_- in the concentrations of chloride, silica, calcium;'aluminum, nitrates, hardness
'and_alkalinity. The cationic demand of the water is increasing as the anions increase

in concentration.' This activates corrosion of cationic metallic pipes in order to

" meet thé’cationie demand.
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There is evidence that changes in basis wéight éffeqt(iOn concentration in
the water. In raising the basis weight, seﬁefalrmachine variablés-aré cﬁanged
to compensate for a bulkier sheet; First, the_machiné is sloﬁed'down for handling
the heavier lbad.n Second, the consistency entering the formers is increaéed so

a larger deposit of fibers and fillers on the wire can be achieved. Thifd, the B

- higher consistency of stock running through the'priméryrlodp;will ténd fo over-

load the pressure screen thus causing more scréén'rejects with a lowering of

3

accepts to the formers. With more screen'rejects a greater load is transferred to
the saveall loop. This in turn may increase output to the clarifier or reduce

saveall efficiency. 'So any changes in the primary 1oop affect the savéall loop

‘which machombine to change éperations in the stock preparationlloop of the

'system. ' By this I mean that by raising the basis weight in the primary ioop,

the saveall loob may oVerload and lower ifgg efficiency and.phﬁs lower the
quality of the water returned from the saveall>loop. This.iower quality watéf
ﬁhen léadé to operatibnal problems if_uéed7in feit shdwers, cylindef showers,
and hydfopulpers or as ﬁrocess water for stock.dilution and reserve water.

Recomendations

Due to the iﬁportance of monitofing wﬁite water systems once a closed system
islﬁut into éffect, there is a need to know thé‘efféctS'of high ion concéntrations
on papermachine operations and broduct quality. Water reuée is'not becoming an
option to fhe papérmaker but a necessity especiallybwith stricter regulations coming

into,effeét. By monitbring the chemical coﬁdentrations of reused water, it may

be possible to predict when:high Iévels will become an operatioﬁal problem and be

effectively dealt with, ‘Further work is needed to determine the dependence of

chemical concentration on‘machine_vériébles which in turn affect the other loops in

the systém‘ihvolved. By running a méss balance on all the water loops, areas

where high chemical depostion is bccﬁring can be traced to their origin. By knowing

the areas where the ions and chemicals cause‘problems, they may then be effectively
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bdealt with. i hépe this wofk presented here has raised some‘QuestionS as to
~* ' the affect of machine variables on éhemical concentration’ in reused whitewater.
The_syétems become qﬁitg complex when closure is.put‘into affect and further
vre;earch.is‘needed to pinpoint areﬁs‘in a closed loop where small changés in

ion concentrations may lead to operational problems causing increased downtime

and maintenance costs.
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Alkalinity

1. Take a water sample by filling a clean 50 ml gradﬁate cylinder to the 50 ml
mark. Pour the sample into a clean 250 ml Erlemnmeyer flask.

2. Add 6 drops of Phenolphthalein Indicator solution and swirl to mix.

3. If the color turns pink, titrate with 0.02 N.sﬁlfuric acid to a colorless

’ endpoint. If the color does not turn pink, proceed with step 5.

4, Multiply the number of ml of sulfuric acid used in step 3 by 20 ﬁo obtain
‘the mg/1 phenolphthalein alkalinity (as CaCO ).

5. Add 6 drops of Brom Cresol Green-Methyl Red Indicator Solution to the
same sample and swirl to mix.

6. .Continue‘the titration with 0.02N sulfuric acid to a light greenish blue-gray

- (pH 5.1), a light bluish pink-gray(pH 4.8) or a light pink (pH 4.5). ’
.Multiply the number of ml of acid used in both tests by 20 to obtain the
mg/l total. alkalinity

‘Aluminum. ’ Aluminon Method using "AluVer III" Aluminum Reagent (Hach Chemical)

1, Take a water sample by filllng a clean 50-ml mixing graduated cylinder to the

: ‘mark.’ :

Add the contents of one Ascorbate Reagent Powder Pillow, stopper the cylinder

and invert several times: to dissolve the powder. :
3. Add the contents of one "AluVer III" powder pillow, stopper the cylinder,

and invert several times to dissolve the powder. A red orange color will

develop if aluminum is present.

4. Divide the solution into two 25-ml portions by filling two clean sample cells
to the 25-ml mark. Add to one of the cells the contents of one '"Bleaching III"
powder pillow, stopper both sample cells and shake vigorously for 30 seconds.
Allow at least 15 minutes from the addition of the AluVer IIT pillow but not
not more than 20 minutes before completing steps 5 and 6.

5. Place the sample cell éontaining the bleached portion into the cell holder.

Insert the Aluminum Meter Scale into the meter and adjust the wavelength to
522 nm. Adjust the light control to read zero mg/l
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6. "Place the unbleached port1on of the sample in the ce11 holder and read /
the mg/] aluminum (A1). _
Barium PR ‘-}: .
1. Take;a water sample by filling a c]ean sample cell to the 25'm1 mark.
2. - Add the contents of one BariVer IV ReagentHPowder Pillow and swirl to
miXx. A white turbidity will develop if barium is present. Allow at least
three minutes for the turbidity to fully develop but do not wait more than
ten minutes before completing steps 3-and 4. :
Fill another sample cell to the 25 ml mark w1th original water samp]e
and place it into the cell holder. Insert the Barium Meter Scale into
the meter and adjust the wave]ength to 450 nm. Adjust the light control
to zero mg/1. -
4. Place the prepared sample in the cell holder and read the mg/1 barium.
Calcium
1. ~ Take a water eample by fi]]ing‘a clean 50 ml graduated cylinder to the
?1‘50 ml mark Pour the sample into a clean 250 mi1 Erlenmeyer flask.
2.  Add 1 ml of Potass1um Hydroxide Standard Solution, 8 N, using a 1 m]
- ~ calibrated dropper and swirl to mix.
3. Add the contents of one "Ca]Ver I1 Calcium Indicator Powder Pillow" and
~swirl to mix . '
4. Titrate the sample with "T1traVer Hardness T1trant" until the color
- changes from red to pure blue.
: Mu]tip]y the number of ml of titrant used by eight to obtain the mg/1
: ca]cium/(Ca) or by 20 to obtain the mg/1 calcium hardness (as CaC03).
Chloride
1. Take a water sample by filling a cleah‘ldo ml graduated cylinder to
' ~the 100 ml mark Pour the sample into a clean 250 ml Erlenmeyer
B flask. o '
2;; Add the contents of one "Ch10r1de IT Indicator Powder Pillow" and
- swirl to mix. | :
3. ’eTitrate the sample w1th S11ver Nitrate Standard Solution until the

color changes from ye]]ow to red brown.

." 'Mu1t1p]y the number of ml of Silver N1trate Standard So]ut1on by five
‘ _to obtain the mg/1 chloride. v . ‘
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" CoEEe
- 1.

Take a water samp]e by filling a clean samp]e cell to the 25 ml mark.
'h2'"‘Add the contents of one CuVer I Copper Reagent Powder Pillow and
- swirl to dissolve. A purple color develops if copper is present. Allow
"at least two minutes for full color development but not more than 30
m1nutes before completing steps 3 and 4. '

3. Fil another cample to the 25 ml mark with original water sample and
‘place it in the cell holder. Insert the Copper (Bicinchoninate Method)
into the meter and adjust the wave]ength to 560 nm. AdJust the 1light

- control to zero mg/1. :
Place the prepared sample in the cell ho]der and read the mg/] copper.

Hardness,'Total

1.

Take a water samp]e by f1111ng a c]ean 50 ml graduated cy11nder to the
50 ml mark

Add the contents of one "Un1Ver I or II Reagent Powder Pillow" to the
flask and swirl- to mix. .

T1trate the sample with TitraVer Hardness Titrant until the color changes
from red to pure blue.

. Multiply the number of ml of titrant by 20 to obta1n the mg/] of tota]

hardness ‘as CaCO3

Iron 7 ~ . 1,10-Phenanthroline Method

. Take a water sample by fi]1ing a clean sample cell to the 25 ml mark.
2. Add the contents of one FerroVer Iron Reagent Powder Pillow to the cell
. and swirl to mix. An orange color will develop if iron is present.
Allow at least three minutes for the color to develop but not more
than 30 m1nutes
. Fill another sample cell to the 25 ml mark with the original water

sample and place it into the cell holder. Insert the Iron Meter Scale

- and adjust the wavelength to 510 nm. Adjust the light control to zero

mg/1

. Place the prepared sample into the samp]e in the cell ho]der and read

’ the mg/] total iron.

1.
2.

'Nitrate :" ‘. Cadmium Reduction Method |

Take a water sample by f1111ng a c]ean samp]e cell to the 25 m] mark

Add the contents of one "NitraVer V Reagent Powder Pillow" to the samp]e
cell, stopper, and shake vigorously for exactly one minute. An amber
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color will develop if nitrate is present. Allow at 1east five minutes

~ for full development but not more than 15 minutes before comp]et1ng steps
-3 and 4.

Fill another ce]] to the 25 ml mark with original water sample and place
it in the ‘cell holder. Insert the Nitrate Meter Scale and adjust the
wave]ength to 500 nm. Adjust the 11ght control to zero mg/1. =

Place the prepared sample in the cell holder and read the mg/1 nitrate
nitrogen. : ,

~.. Phosphorus, Reactive Ascorbic Acid Method_,i

1.
2.

1.

Take a water samp1e-by‘f1111ng a clean cell to the 25 ml mark.

Add the contents of one "PhosVer'IIf Reagent Powder PiT]ow“ and swirl
to mix. A blue color will develop if phosphate is present. Wait at least

two minutes for full color development but not more than 10 minutes before
.completing steps 3 and 4.

Fi1l another sample cell to the 25 ml mark with original water sample
and place it into the cell holder. Insert the Phosphate Meter Scale
into the meter and adjust the wave]ength to 700 nm. Adjust the 1light

contro] to zero mg/1.

1 P]ace the prepared sample in the cell holder and read the mg/] of

phosphate, PO4

‘Silica . Silicomo]yhdate Method
. Take a water sample by filling a:clean sample cell to the 25 ml mark.

Add the contents of "Mo]ybdate Reagent PoWder PI1Tow" fpr high silica

range and swirl to mix. A yellow color will deve]opjif silica and/or
phosphate is present. o

Add the contents of one Acid Reagent Powder Pillow. Let stand 10 minutes.

Add the contents of one Citric Acid Reagent Powder Pillow and swirl to
mix. Allow at least two minutes for the color to fully develop but
not more than five before comp]et1ng steps 4 and 5. :

Fill another sample cell to the 25 ml mark and p1ace it in the ce]]

" holder. Insert the Silica Meter Scale and adjust the wave]ength to 410 nm.

Adjust the light control to zero mg/1.

. Place the prepared samp]e in the cell ho]der and read the mg/1 silica
as S10 :

_‘Sulfide Lo o Methylent B]ue Method

Measure 25 ml of demineralized water by filling a clean 25 ml graduated
cy11nder to the 25 ml mark
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. Take a water samp]e by f11]1ng the 25 ml graduated cy11nder to the
- 25 ml mark. ‘ .
Us1ng a-1lmi ca11brated dropper add 1.0 ml of Su1f1de I Reagent to
each sample cell and swirl to mix. 4

4. Usinga 1 ml calibrated dropper, add 1.0 ml of Sulfide II to each
-sample and immediately swirl to mix. A pink color will develop and turn:
blue if sulfide is present. Allow five minutes for the color to fully
develop and proceed with step 5.

5. Place the sample cell containing the demineralized water into the cell
holder. Insert the Sulfide Meter Scale into the meter and adjust the
wave]ength to 665nm. Adjust the Tight control to zero mg/1.

6. Place the prepared sample in the holder and read the mg/1 sulfide, S.

~ Sulfate _ Turbidimetric Method
1. Take a water sample by filling a clean sample cell to the 25 ml mark.

2. Add the contents of one "SulfaVer IV Reagent Powder Pillow" and

~ swirl to mix. A white turbidity will develop if sulfate is present.
Allow at least five minutes for the turbidity to fully develop but do not
wait more than 10 minutes before completing steps 3 and 4.

3. Fil1l another sample cell to the 25 ml mark with original water sample
and place it into the cell holder. Insert the Sulfate Meter Scale and
adjust the wavelength to 450 nm. Adjust the light control to zero mg/1.

4. Place the prepared sample in the cell holder and read the mg/1 sulfate.

‘Tannin-Lignin Tyrosine Method

‘1. Measure 25 ml of demineralized water by filling a clean 25 ml graduated
cylinder to the 25 ml mark. ‘

2. Take a water sample by filling the graduated cylinder to the 25 ml mark.

Pour the sample into another clean cell.

. Pipet 0.5 ml of TanniVer III Tannin-Lignin Reagent into each sample ce]]

and swirl to mix.

4

. Pipet 5.0 ml of Sodium Carbonate Solution into each sample cell and swirl

to mix. A blue color will .develop if tannin and/or lignin is present.
A]Iow 25 minutes for full collor to develop.

Place the sample cell containing the.demineralized water into the cell

holder. Insert the Tannin-Lignin Meter Scale and adjust the wavelength

- to 700 nm. Adjust the light control to zero mg/1.
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'6. Place the prepared samp]e in the cell ho]der and read the mg/] of
‘ tannin and ]1gn1n

ot

The pH of wh1tewater samp]es are taken us1ng a standard pH meter adJusted'
to the correct temperature.

Conductivity

: The conduct1v1ty of the whitewater samp]es is taken us1ng a conduct1v1ty -
" bridge. v ,

3

If in reading anydof the measurements on the spectometer,:the readings i-
“are off scale, the sample may be di]uted, and the di]ution factor'intrdduced‘.'“
into the results. For example, in the ana}ysis of a]uminumrthe spectrophotometer
may read above 0.75 mg/]t. Since this is beyond the-last division of the |
'metervscale, a sample difutidn is necessary. The test may be_repeated, but.
;Wftn a 25 ml graddated cy]fnder filled to the 12.5 ml markvwith the sample
and then to the 25 m] mark with demineralized water. Since the sample was
diluted to twice its or1g1na1 volume, the meter read1ng should be mu1t1p11ed

by two to give the correct concentration of a]um1num




 SILICA (mg/1)

TANNIN-

~ LIGNIN

_CALCIUM
. CHLORIDE
PHOSPHATE‘ 

NITROGEN
NITRATE

SULFATE
_'SULFIDE‘” ‘
 ALKALINITY

'HARDNESS

- a0y _

BARIUM

ALUMINUM

o

CONDUCTIVITY
MICROOHMS/CM

- CALIPER, in.

CBASIS WT.

FRESH  FEB 1
- WELL
1.8 122 115 155 - 13.75 16.0 15.0
0.0 168 20.0 760 123.0 99.0 165.0 153.0
 163.0 150.4 134.4 128.0. 75.0 85.0 101.6 107.2
w0 10 s 125 8 77 161 170
22 - 76 .52 .33 .41 .62 .99
0.0 135 .85 - - S _
23 .81 1.95 3.3 3 38 44 48
0.0 0.0 0.0 3.9 2 L2 20 .3
0.0° 520 30 - - - - -
02 .45 .50 - - - - -
366 311 323 327 266 . 266 317 306
408 376 3% 320 187 213 254 268
0 0 0 0 0 0o 0 0
.08 - -2 .3 .23 .30 .10
7.1 - - 7.22 7.20  7.39  7.10 7.0
7.3 - - 1250 667 714 1111 1176
0165  .0190 .0205 .0210 .0270  .0265 .0155
0168 ~ .0195 .0205 .0215 .0280 .02725 .0165
0165  .0190 .0208 .0215 .0270 .02725 .0165
70 78 8% 8 107 111 69
70 78 8l 8% 108 108 71
72 785 82 109

DATA TABLE I

FEB 2 FEB 6

FEB 7

FEB 8

" FEB 9  FEB 10

845

110 70




Silica (anion)

Tannin.(anion)
Lignin

fCaicium (cétibn)
éhioride (anioh)
Iron (cation),v
Copper (cation)

.Phosphate'(énion)

. b4

Nitrate (apion)‘
Sulfate (anion)
Sulfide (anion)

'Alkalinity

DATA TABLE II

10 DAYS -
11.85 mg/1

18.4

142.4
112.5
.76
1.1
1.38
0
410"
.48

317~

'Hardness (cationic) 356

Barium (catidn)
Aluminum(cation)
pH

~ Conductivity

0o

AVERAGES

18 DAYS - EABkys
13.9 mg/1
93.3 123.2
111.7 99.4
120.0 122.8
.61 .57
3.2 3.96
1.1 1.52
302 297
279 248
0 0
7
7.26

984 microohms/cm -

15.0 mg/1

TRENDS

‘increase

increase

decrease

slight increase

‘decrease

increase
increase

decrease
decrease

no change
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Taﬁnin—Lignin :
uCaléium.g

-.Chloride

Silica
Ifon'

Copper.

.Phésphafe
‘Nitrate
Sulfate

Sulfide =

Aikalinity
Hafdness 
Aluminum

pH
Condqctivity
Caliﬁer

Bs. Wt.

DATA TABLE III

RELATIVE CHANGES BETWEEN DAYS OF RUNNING TIME

1 9-10

~'19.0% inc

10.6% dec

4,5%‘inc

5.7% dec

372 dec

140.7% inc

‘no chang¢

' 42.0% dec
11.1% inc
3.9% inc

10.6% dec

©15.6% inc

10.9% inc

14-15

61.87% inc o

41.47% dec

35.2% dec.

36.5% dec

6.17 inc

94.8% dec

18.67% dec

41.5% dec
85 7% dec
.27% dec
46.67% Qec
3.47% inc

3.4% inc

- 15-16

19.57% dec

"13.3% inc

4.9% dec

24.0% inc

- 8.5% inc

500%  inc
no change
13.9% inc

667 7 inc

2.6% inc
7 7% inc
28%  inc

25.8% inc

16-17

67.0% inc

19.5% inc

--109.17% inq

© 16.4% inc

51.0%71nc
15.8% inc
66.7% inc
19.27% inc

19.2% inc

- 30.4% inc

3.93% dec

55.6% inc
1.0% dec

2.8% inc

17-18

7.2%
5.5%
5.6%

6.3%

59.7%

9.1%

85.0%

3.4%

5.5%

67 7

4.27

5.6%

40.0%

36.07%

deg

inc

inc .

dec

inc

inc

dec

dec
inc
dec
inc
inc
dec

dec
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