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PREFACE

This report documents work performed during the period 1 December 1975 through
30 June 1976 by the University of New Mexico under contract F2960l—76-C-00l 5
with the A ir Force Civil Eng ineerin g Center , A i r Force Systems Command , Tyndall
Air Force Base, Florida 324O~. Major Michael G. MacNau ghton , AFCEC /EVC managed
the program for the Center .

This report has been rev i ewed by the Information Office (UI) and is releasable
to the Nationa l Technical Information Service (NTIS). At NTIS it will be avail-
able to the genera l publ i c , inclu d ing fore ig n nationals .
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SECTION I
INTRODUCTION

BACKGROUND

As a result of its extensive maintenance activ ities , the A i r Force d ischar ges
waste ma terials which contain both metals and organ i cs . Althou gh total metals
analysis is possible by atomic absorption and other instrumental and wet

chemical techni ques, the actual speciation of the compounds is unobtainable at

present.

Knowled ge concerning the types and concentrations of trace organics and metal s

in natural waters has become exceedingly more important in recent years as
more data are gathered on their effec t on humans , aquatic organisms, and

plants . Organics and organometallics , even at the parts-per-billion level ,

have been shown to exert a significant biotoxic and phytotoxic effect in fresh
and marine waters.

Analyzing trace organics and meta l organic complexes in the environment
without disturb i ng the na tura l equilibrium is not poss ible w ith the present
technology. Virtuall y all present techniques involve indirect measures of the

speciation of the different elements (measurement by specific ion electrodes
being a notable exception). Extraction with organic solvents has been the
most prevalent method of separating inorganic and organically bound metals
into their separate fractions. This technique , although applicable for
gross differentiati on of these two components , does not give the actual species
which exist in either fraction. Añà lysis by gas chroma tography is useful onl y

t - for volatile compounds. Anodic stripping voltametry , an electrochem i cal tech-
nique, is also useful for determining a limited number of complexed metals
but it gives only limited data about complex solutions containing organics
and metals in both the free and complex forms.

High Pressure Liquid Chromatography (HPLC) is a relatively new technique which
has tremendous potential for analysis and identification of aqueous

I i
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pollutants. With gas chromatography , the com pounds need to be volat i le; w it h
HPLC this is not necessary . Neither is it necessary to perform extractions of
the solut ions ; both metals and organics can be analyzed at the same time.

Al though HPLC is beginning to be used more extensively, particularly in the

ana lysis of drugs , to date there have been few uses of this tec~~iq ue for the
id ent i fication and measurement of pollu tants .

One of t he most ser i ous shor tcom i ngs of HPLC i s the lac k of detectors wh i ch
woul d measure elu ti on pea ks from the li qu id chroma tog ra ph w it h the same b road

applicability as does the flame ionization detector in gas chromatography .

The mos t common detectors available are the ultraviolet —absorption and the

refractive —i ndex ~~tectors. The ultraviolet—absorption detectors , whic h

usuall y opera te at the mercury li nes at 253.7 and 280 mm , are use ful onl y
for those compound s con ta i ning chromo phores wh i ch absor b at these wavelen gths .

The refractive -index detector lacks the sensitivity of the ultraviolet -

absor ption detector and also exhibits a strong temperature dependence. To

make HPLC more ~~nerally appli*ble in routine analysis requires detectors
wh ich are genera l in their response to numerous elements or compounds.

Collec t ion of samples for ana lys i s of organics from aqueous samp les such as
natural waters or treated effluents is made difficult by the low levels of
organics and metals as aquo ions or complex ions. Many invest igators have

successfully emplçyed the Organics -Carbon Adsorbable Minifilter Procedure to

concentra te refractory compounds in natura l and finished waters for further

anal yt i cal charac terizat i on and as an eff luent qual ity parame ter. Many
investigators feel that because of the varying ..toxici ty of r9~nic~cantarni -

nan ts , specific organic compounds should be monitored. However , with the

current  state of or gan ic  ana l ys i s , this is not possible. The best
alternative is to determine a suitable organic parameter which includes a

broad spectrum of organic compounds and assume tha t the l evel of this param-
eter is related to the level of toxicity of the wa ter. The amount of carbon
chloroform extract (CCE) obtained by the Organics-Carbon Adsorbable Minifi lter
Method was included in proposed drinking water regulations. Also , a met hod
for the concen tration and fractionation of refractory organics from both water

and treatment-system wastewater to obtain environmentally si gn i f i can t corn-
pounds is desira b le in order to determ ine the mos t app ropr iate a pp lication
of advance-technolo gy detection systems .

2
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OBJECTIVES

The objectives of this research and development were as follows: (1) to

develo p HPLC technique s for the identification and measurement of organics

and metals in natura l waters , including the design and use of new detectors

for HPLC ; (2) to evaluate the ability of pulsed and impulsed carbon beds

and solvent extraction to recover refractory materials from secondary .waste-

water-trea tment facilities; (3) to characterize waste effluents by conven-

tiona l parameters; and (4) to cha racterize and identif y selec ted frac ti ons
of the wastewater concentrates.

SCOPE

Proce dures for t~ie use of HPLC for anal ysis of wastewater concentrates
developed as water samples were made available. Further work on the beta-

in duced lum inescence detec tor , operating in the luminescing quenching mode ,

was performe d ; circu it modi f i ca t ions to the ul trason i c veloc ity detec tor were
completed and calibration studies were initiated ; and fabrication techniques .
cal ib rat i on s tudies , and response characteristics of the electroche inical

silver-ion detector were comp leted.

F i ve CCEs were recov ered fr om the effluen t of a secon dary trea tmen t plant.

The ability of the activated carbon to adsorb the nonvolatile total organic

carbon in low-turbidity , secondary effluents was determined . Pre lim ina~’y

fractionation of the organics by HPLC with selected eluants was also accom-f - pu shed .

- - -  
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SECTION II
LITERATURE REVIEW

L i tera ture surveys taken from ‘
~~~~

- -‘~~~~~~‘ .1! ,’ .’~~ for the per iod 1 Januar y 1969
to 20 Oc tober 1975 have been presen ted i n two prev i ous re por ts (~eferences 1 and

2). The complete literature searches themselves are available at the Univer-

sity of New Mexico Library under the title Coi~ef 1 .- ~‘ ‘s ’ .~’t , ,. ’ - ~~ , ni—4 8l .

However , since these litera ture searches di d not yiel d much informat i on on the
use of ion-selective electrodes as column detectors or on their direct use for

wa ter ana lysis , the reader is I”eferred to the more recent literature surveys

published in .. i . ~~ ~~~~~~~ which contains references to nunerous ap rlica —

tions of ion-s rlective electrodes to water analyses. (!~eferences 3, ~~~, 3).

The following brief literature review is indicative of the work now being done

in the ion-selective electrode area .

The general use of ion-selective el ectrodes has been discussed by many workers.

Ma ientha l and Tay lor (Ref. 6) have discussed the application of electrochemi-

cal techn iq ues , including ion-selective electrodes , to water anal ys i s . Several
workcrs have discussed the app licati on of chemic al sensin° ~lec tro de ana lys i s

eferonc es 7 , 8, ~
) and (c’npf and Sonneborn have compared ator’ic-absorption ,

dithizone -pho tometry, and ion-selective electrode methods for water analysis

(Reference 10). The determination of copper , mercury (II), s u l f a te , sulfides ,

c a l c i u m , and magnesium in waters has been facilitated by ion-selective elec-

trodes (References 11 through 19). Ion-selective electrode analysis for

ammon i a i n ~~~~~ and was tes has been the su bjec t of numerou s i nvest ig a ti ons
(References 20 through 27) as well as the analysis for nitrate (References

28, 29, 30). Ion-selective , potentiometric sensors have been adapted for

use as detectors in liquid chromatography (Reference 31), and new designs

for coulometric and amperometric detectors used in liquid chromatography

have also been the subject of recent investigations (References 32 , 33 , 34).

a
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SECTION III
DETECTOR DEVELOPMENT

BETA-INDUCED LUMINESCENCE DETECTOR

The second-generation beta-induced luminescence detector described previously
by Wa l ters (reference 1) and Caton and Wa l ters (reference 2) was connected to
the end of a col unin which was attached to the Varian 4100 HPLC. Since previous
work indicated that this detector is best utilized in conjuncti on with a highly
lum ines cent solvent w ith su b se quent mon it or i ng of the q uench ed lum inescence
cause d by the solutes bei ng detected , an eluan t solvent consisting of 0.50 g

of (Cl-i 3 ) POPOP and 5.0 g of PPO in 1 ~ of xy lene was used .

The eluant solvent was degassed and pumped through a 25-cm C-b Micropak
column . After the detector output became steady , i nd ivi dual samples of
Cl-I Cl , Cl-iC! , CC1 , C H OH , C H NO and C H Br were i njected at the top of

2 2 3 LI 2 5  6 5  2 6 5

the column . Decreased luminescence was observed with all samples, except
C I-1 50H , as they emerged from the column . Assorted mixtures of the remaining
five compounds were injected , and quenched luminescence was again observed ;
however , the components were not separated by the column . Al though each of
the solu tes should have a different elution time under norma l separation
conditions, all had identical elution times with scintillation mixture
as an eluant. This was undoubtedly the result of saturation of tho column
by the PPO and/or (CH) POPOP and subsequent exclusion of the i njected
samples.

Two metho d s for introduc ing the sc i ntillator a t a po i nt between the column
and the detector were considered . The first consisted of attaching an after

column conta ining a dry mixture of PPO/(CH ) POPOP in the weight proportions

of 10:1 , with the hope that the scintillator mixture would dissolve at a con-

stant ra te i nto the xy lene eluant solven t af ter the sam p les were se pa ra ted.
The second consisted of pump ing a sc i n ti l l a t o r  so lu t ion i n to the e l u a n t  be-
tween the separation column and the detector.

In the first case , a 5-mm -inside -diameter , 17.2—cm-lon g column (3.4-mL

volume) was packed with the dry scintillat or mixture and mounted between the

~ 
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separation column and the detector . As pure xy lene was pumped through the

chromatographic system , the detector recorded strong light levels; i.e., the

dry scint i l lator mixture was d issolv in g as planned . Injection of the sa mple - 

-

mix tures y iel ded broa d , unresolve d peaks. Some mixing in the post column

shoul d have decreased the resolu ti on ; however , the effect was greater than

that expected .

In the secon d case , the scintillator solution was introduced into the system

as follows : A Swagelock SS-bOO-3 union tee was connected to the C-b Micropak V
column and the tee was connected to a Varian bow-pressure pump fille d with the

s c i n t i l l a t o r  m i x t u r e  at twice the norma l concen tra ti on ;  the th i rd connect i on
was made to the detector. By employing equal column-solvent (pure xylene) and

scintillator-mixture flow rates , the solution entering the detector would be a

scint i lla tor mi xture of norma l concentra tion . Thi s method woul d also kee p the

po3t column dead volume to a minimum and thus reduce post-separation mixing .

Unfor tuna tely , this technique failed since it was not possible to simultan-

eousl y regulate the flow rates of the high-pressure and l ow-pressure pumps .
The high -pressure pump delivers a constant flow by maintaining whatever
pressure is requir ed to produce the desired flow rate. The low-pressure pump
cannot do this; it did not deliver the scintil lator mixture at a steady rate.
Thus , the scintillator concentration introduced into the detector varied in an
erratic manner , resulting in erratic detector output which completely masked
any detection of solutes eluted through the separation column . It is beli eved
that this problem could be eliminated if a second high -pressure pump were used
to provide a steady and reproducible flow of scint i llator mixture into a small
chamber in which eluted solutes and scintillator could be uniformly mi xed
before they entered the detector . Since a second high -pressure pump was not
available and could not be obtain ed , this approach was abandoned.

I 
I

VAR iABLE-PATH-LENGTH , BETA-INDUCED LUMINESCENCE DETECTOR

Construction of the variable-path-length , beta-induced luminescence detec tor

described in detail in reference 2 was completed . The screw mount to contain

the 300-mCu trit ium source was sent to Sandia Labora tories for vapor deposition

6 
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of a titanium layer on the surface , followed by conversion of a portion of the
titanium layer to titanium tritide (Ti3H ).

Severa l minor mod i f i ca ti ons were made to the var i a b le- path -len gth, beta -
i nduced luminescence detec tor . T he 0-rin g i n the ori gi nal des ig n was rep lace d

by a com p ression spr i ng w i th a compress i on ra ti ng of 7 .7 to 9.2 lb at the two
ex tremes . The i nlet and ou tlet por ts were remach i ned to acce pt Swa ge b oc k fit-
tings; as modified , they now have a 0.007-in (inside diameter) capillary tube

an d a th i n-wa l l ed  tu be , res pect i vel y. After modifications were completed , a

nonra di oact i ve screw moun t was installe d and the detector was exam i ned fo r

leaks. Leaks occurred at the interface of the quartz lens and the stainless -

s teel lens moun t. A Teflon cu p was mach ined to hol d the lens and the lens was
then i nser ted i nto the detec tor . Dow Cornin g RTV-732 sealant was applied in

th i n layers at surface inter faces where leaks mig ht occur . The f i nal asse mb ly
did not lea k at flow rates of 6 me/mm (well in excess of HPLC operating con-

ditions) .

ULTRASONIC VELOCITY DETECTOR

The theory and cons truc tion of the u l t r a s o n i c  ve loc i ty detec tor (~~iI
-
~ r i) -u r

descr ib ed in  fleferences 1 , 2, and 35 . However , severa l minor modi f i ca ti ons to
the ele ctron i c c i rcuits have been ma de to i mprove the perfor mance of the de-
tector. These modifications are discussed below . The circuit diagrams for all

e lec t ron ic  modules , operating ins truc ti ons , and a l i s t  of those com pon en ts
which must be obtained from specific manufacturers are given in the f-.ppendixes .

L
All other elec tronic components and parts are standard and may be obtained from

any source.

Modifications

~~ pje—and-Hobd Un it B. The sample-and-hold unit B (S&HB) was placed at the

input to operational amplifier 4 (0A4). When previously located after the

divider (DI V)  the DIV output sometimes exceeded the 10-V maximum allowable

in put to S&HB . As presently located , the inpu t to S&HB never exceeds 3.6 V.

To obtain exact unity gain from OA1 and OA2 , it was necessar y to use

7 -
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trimming potentiometers on the feedback and/or input resistors for these am

l i f i e r s .  The v a l u e s  of t hese tr i nu ni n g poten tiome ters change d from ti me to
time; thus , frequent adjustment to provide the unity gain was necessary . The
best results were finally obtained by eliminating the trimm i ng potentiometers

and trimm ing resistors RA , RB , RC, RD , and RE and placing large resistors (10

to 50 M. ) nar all~-l to resistors RA throuqh RE. These nara l C i  r~s is to r s

had temperature characteristics similar to those of resistors RA through RE ,

and their use resulted in drift-free performance of (JAb and 0A2.

1 -MHz Oscillator. The logic out circuit was eliminated . After modifications

on t~e bo qi c circu it , the l— ~Hz sinnal w~s no innqer r~nuire d by the

logic circuit.

Logic Circuit. Since the 1-MHz signa l was no longer required , pin 5 of Id .
is now maintained at S V.  The end of conversion pulse is now generated at pin
2 of 1C6 instead of at the di g ita l panel m eter (DPM ). With this modif icat ion ,
the constant cycle period is maintained and is not affected by the converting

tiitie of the DPM .

Local Osc i l l a tor . The local osci l lator (a commercially ava i lab le  signal gene-
rator) was too drift prone. Hence , a mor e sta b le os ci l l a tor whi c h genera tes
a 1.010000- or 1.005700-MHz sine wave was built.

Recorder Offset. A simple voltage offset is now being used before the strip

chart recorder to balance the detector system output.

Detec tor Cel l .  Modif ications to tb 3 detec tor cell i tself have been minor .

The cel l volume was reduced to obtain higher sensit ivity by fi l l ing up a
portion of the cell with Dow Corning RTV -732 sealant , without restr ic t ing the

flow of liquid through the cel l .  When in use , the detector cell should be
placed in a constant-temperature bath which provides I 0.02 C cc-.ltrol .

Otherw i se , tempera ture fluc tua ti ons wi l l  cause cons id era b le ba seline dr ift
when the output of the detector system i s reco rded.

Performance S tudi es

Studies of detector ij erfor r iance were made after all the mod i f icat ions were

C
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completed . Data were obtained , w it hou t us i ng a se para ti on column , by injec t-

ing samples directly i nto a stream of solven t before the latter enter ed the
detector cell. A lO-~ e syringe with a 5-cm-long needle was used to inject var-

b u s  amounts of the sampl e at a point about 3 cm before the cell. Solvent flow

was maintained by gravity , and both the cell and the solven t rese rvo i r were
im aintained at the same temperature by a temperature bath controlled to within
- - 0.01 C . The detec tor cell was operated in a single transducer mode; i.e.,

the difference signal between two transducers was not recorded during the runs.

Fiç~ure ? (a) shows the detector ’ s resoonse to t-buty l alcohol (TBA) dissolv ed in

wa ter (20 percent TBA ) as a function of various sample sizes. The temperature

of all solutions, solvent , and detec tor cel l was ma i nta i ned a t 24°C ; the flow
rate was 5 mC /mnin ; and a recorder chart speed of 1 in/m m was employed . The

fu l l - s c a l e , recor der range was 100 mV . Figure 2 (b) shows the data obtained for

0.1OM NaC1 and FiOure 2 (c) shows the data for mixtures of 20 oercent TBA and

O.1OM NaC l . In the latter case , the tota l res ponse is essen tiall y th e sum of
the responses to the ind iv idu a l components. Peak height reproducibility was

fair; most of the variation was due to nonreproducible injection techniques.

Nevertheless , the average peak height was closely proportiona l to the sample

s i ze , and the detector response was linear over the concentration ranges

studied . The response sensitivity , signal-to-noise ratio , and basel i ne sta —

bility are so greatly improved (Figure 2) that data obtaine d earlier are not
representative of the detector ’ s performance. The sensitivity for TBA is

better tha n 0.2 nig in Fiaur~ 2 (a); and if r’iore ame lific at io ri were used , t~ie
sensitivity could be improved by a factor of ten.

SOLID-STATE DETECTOR FOR SILVER ION

Introduction

Previous solid-state electrodes were constructed from Ag I W O  and A q I P O .• .

These materials were somewha t unsuccessful because they disintegra ted after a

few hou rs of use and the electrodes then gave poor responses. However , the

stability was greatly increased by pressing the solid -sta te pellets at much

hi gher pressures, and new electrodes were constructed fror I 
~ew stab ilized

pellets-

10
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The pure samples of Ag I W O  and A g I P O 7 were prepared as described in
reference 2 with the following tu m or changes in procedure. Freshly preci-

pitated samples of AgI , Ag P 0 7 , and Ag WO were carefull y washed with very

dilute nitric acid (1 percent or less) to free the precipitates of nonvola-

tile , adsorbed ions which may have been present in excess after precipitation.

The precipita tes were then washed with distilled water under photographic safe

lights and dried overnight under a flow of dry nitrogen. The dried ma terials

were then weighed and combined in the proper stoichiometric ratios , passed

through a 100-mesh sieve , placed in Pyrex tubes , and pumped down to l0~ torr

for 4 hr. The tubes were sea b ed under vacuum and placed in a furnace at 25O~C

for 20 hr to mel t the materials. After cooling , the materials were ground and

stored in the dark.

The electrode materials were pressed into 0.25-in-diameter pellets , 0.5 to 2 mm

th ick , at pressures of both 43,000 and 120 ,000 psi. (Pellets used in the pre-

v ious work had been presse d at 24 ,000 psi with an IR pellet press.) The elec-

trodes were constructed accord i ng to the design shown in Reference 2. Glass

tubing (about 0.25 in outside diameter) was ground flat on one end and the

pellet was attached with Dow Corning RTV-732 silicone rubber sealant which

was applied in a thin layer to the flat ground end . After the pellet had been

mounted securel y, a thin layer of the sealant was applied to the exposed edge

of the pellet and to the glass at the point of pellet/tubing contact. Mercury

was u sed as an i n terna l contact  to the pe l l e t  and a p la ti num w i re b ea d was i n-
serted to provide externa l contact with the mercury.

Elec trodes constructed of both materials and pressed at the two pressures were

tested for Nernstian response to silver ion in 0.lM KNO . The A g I WO elec-

trodes showe d res ponses su per i or to those ma de wi th Ag :
h

I
P 07; pellets pres-

sed at 120 ,000 psi showed no advantage over those pressed at 43,000 psi. In

fact , the pellets pressed at the higher pressure tended to be more fragile ,

and on occasion they spontaneously fractured or split in the plane parallel

to the face of the pellet. The Ag 19 I 15 P 0 7 electrode was not considered any

further and emphas is was placed on establishing the characteristics of the

Ag I WO el ectrode.
6 I. I
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Figure 3. Sol id-State Electrode Responses

Potentiometric Studies

All potentiometric studies were conducted with the Ag I WO el ectrode des-

cr ibed above d ipped into O. bOM KNO which containe d var ious amounts of AgNO .

The electro des were rotated dur i ng use and voltage rea d ings were made against
a double-junction , reference electrode 1 with a reference voltage equal to that

of the satura ted calomel reference electrode. An Orion No. 94-16 silver/sul-

fide elec trode was used as a compar i son standar d for work w i th the Ag 1 I W O ~
elec trodes.

A typical response for a rotated Ag I W O  electrode is shown in figure 3. An
undesirable electrode such as the Ag I P 0 electrode showed limited linear

1 9  1 5  2 7

resnonse (Firure I). ,~.bl Ac’ I WO eloctrodes tested yi~ ld ci l i ne r ~r resnonses —

for silver-ion concentration~ down to at least 3 X l0~~M , with slopes ranging
from 56.7 to 58.1 mV /ten-fold change in silver -ion concentration. All of the

I. \tode l ~
)I ) - O 2 :  Manufactured by Orion Research , Inc., 380 Putnam Avenue ,

Cambridge , Massachusetts 02139.

l~
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Ag I WO el ectrodes deviated more from true Nernstian behavior tha n did the
Orion electrode (Figure n-), but son~ of this deviation could possibly be attri~~
buted to el ectrode construction. The Orion electrode has a solid internal

contact which makes the electrode more stable because it eliminates the in-

ternal solution/solid interface; the Ag I W O  electrode has a liquid mercury/

soli d interface and should be less no i sy if a solid contact were used.

All electrodes , except those with obvious faults (i.e., cracks or leaks ) we re
quite stable . They could be stored in solutions , in the light , or allowed to
dry out for months w i thout affect i ng their res ponse . If response became
slu gg ish , the electrode coul d be rejuvenated by polishin g the surface of the
pellet l ightly and then soaking it in a l0 3M AgNO solution for a few minutes .

Interference Stud i es
I-’

Copper (II) and lead (II), the only meta l cations studied , did not interfere
with the Ag IWO electrode response in 1.00 X l0~~M AgNO 3 when presen t a t
concentrations 100 times the concentrat ion of the silver ion . Su bstances
which formed complexes or insoluble silver salts did seriously affect the

- 6 1 - -

60
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—

~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Temperature , °K

Figure 4. Summary of Response Studies on Ag 6 I~ W0~ Elec t rode
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response of the electrodes , as would be ex pected for an el ectro de w hi c h res-
ponds to silver-ion activity.

Four new electrodes were selected at random and used to test electrode res-

ponse to chloride , brom ide , and iodide ions in the absence of silver nitrate.

Increments of the separate sodium halides were added to O.lOOM KNO 3 and the

elec trode responses were recorded . These results are shown in Figure 5.

Linear p lo ts of vol tage versus log ~Ag~] similar to those obtained with a sib-

ver meta l electrode were ob ta i ned . W hen a s i lve r metal ele ctrode i s used ,
however , parallel lines having the order Cl , Br , I~ are obtained . Fi gure 5

shows the order Cl , I , Br and the nearly identical response to iodide and 
- 

-
bromide. Thus , the response plots are not in order of the solubility of the

s i lver hal ides but are more likely in a sequence determ ined by the na ture of
the solid-state el ectrode itself. The response to the chloride ion is norma l

(Figure 5); i.c. , the response to chloride is almost constant un til the solu-
bility product of silver chloride is exceeded at the surface of the electrode

pellet .

The Ag IWO electrode was insensitive to pH changes between a pH of 2 to 7

(pH range studied). . The el ectrode response varied about ± 1 mV over this

range.

Both ammonia and thiosulfate interfered with the el ectrode response. When

Na 2S2O 3 was added to 100 mC of 1.00 X 1O 3M AgNO 3 , the response shown in Fig-

ure 6 was obtained . Shortl y after addition of the thiosulfate , the solution

became turbid and a black precipitate was formed . The well -known reactions

2Ag~ + S 0 
= 

Ag S 0 (s)
AgI(s) +~2~ o =

~~~ Aq (S 0:)~ +

Ag ,S2O 1 (s) + H,O —
~~~ H~SO + Ag 2S ( s )

occurred as soon as the first increment of thiosu lfate was added , and the

response decreased rapidly because of a sudden decrease in si lver -ion concert-
trat ion. The electrode surface was blackened , but it was eas i ly  restored 1 1

it s origina l cond iti on by polishing . Addition of N a S 2O 1 to a uilver -free

solut ion of O.lOOM KNO ) produced the results shown in Figure 7. A prec ip it1tt e ,

________ 4 _  ~~~~~~~~~~~~~~~ 
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probably A g S O  and/or A g S , was observed to form at the electrode surface.

The effect of add i ng NH to a silver-free 0.lOOM KNO solution is also shown ~ t1

Fiqu~ 
— 7.  ~ln  orec i pitate -Formed at the electrode surface , hut toe oecre~siii y

-~~nnr s~ cin ar l y indica tes that silver -ion concentra Lion at the electrode/

solution interface was l owered by the formation of silver-a mmine complexes .

Vol tammetric Response - :

I
The character istics of the Ag I W O  electrode as the working electrode in a

three-elec~~ode , polarograp hic system were studied . The other two el ectrodes 
-~~

were the Dr ion Double Junction No. 90-02 Reference Electrode and a platinum-

foil , counter electrode . The in st rum entation consisted of a Health Pohw--

oqr d : Iu-/  Syst~ , a Sargent SR Recorder , ~ind a Sargent l300-rpl Electrode

Fi ure 8 shows a series of current/volt age curvr-~ for different silver-ion

co !cert ati nn . ~iith each addition of silver n i tra tr to the supporting elec-

‘~~1vte , the cur~~~ r1~ at ~~.37 V le t reased ~‘th odic alI y ii  a manner directly 

en 1 - ~~~ 1 -  Si 1 ye  — im ~~of l~ en~~r~ I ~If l .
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SECTION IV

RECOVERY AND PRELIMINARY CHARACTERIZATION
OF REFRACTORY ORGANICS FROM TREATED WASTEWATER

Several m ethods ritay be used for the concentration and recovery of refractory

contam inants --carbon adsorption; solvent extraction; freeze concentration; ion

excha nge on macroreticular resir m s; head gas stripping with nitrogen , helium ,

or air; hi gh—vacuum distillation; and reverse-osmosis solvent extraction. A

brief summa ry of the published work in the area of recovery and quantification

of trace organics is presented in Table 1 . Probably the most comprehensive

qua l icu tive and quantitative analysis on sewage effluents is that reported by

Mark a , et al. (~ef. 49). They used vacuum evaporation to characterize rather

strong Haifa secondary effluents typically possessing a COD/BOO of 30. Tradi-

tiona l solvent fractionation procedures were employed to yield protein , ca r-
bohydrates , anionic dctergent , tannins and lignins , ether extractables , fulvic

acids, ha -n c  acid , and hym athor iel anic acid fractions. The humic substances

~et -e f u m -
~~he, - characterized by elution from Sephadex gels to provide an estima -

tion of ~~~~ mol rc~ lar wei ght distribution in secondary effluents. W ith in the

ether-so Ia~ 1 -actions , the authors identified a series of fatty acids con-

taining 9 to 18 carbons , found no unsaturated acids, and pointed out that the
e e s e r L e  of fatty acids with an uneven no -her ~ carbon a tom s (C9, C 5 . , C 15 )
can be e.~ — la m ed by conjecturing tha t thes t- c-~- ;IoonIls were for :ned by the micro-

bial oxid ation of the unsaturated acids t~~~i r i j  the t r eotmen t  processes. Alkyl

benzenes and hi gher aromn atics were also id r r lti f iC - ni hut nr- t quantified .

The use of mmm acroreticular resins to rec - ver neutral or onics present in well

~im ter contaminated by tar residue s (~
‘ef . 50) provided the source material for

the identi fic ation of 14 compounds by a conmbination gas chromato qraph/ nmass

spec tra -D o - h . This recovery procedure should com plem ent concentration by

act 4 t e - 1 carbo n , which has been shown to irreversibly adsorb polyaro mm atic

hydrocarbons such as anthracene. Snoey ink , et al. (Ref . 51) conducted labor-

a tory inves ti gations to evaluate the perform ance of seven synthetic rn~ ins
(including XAD-4 and XAD -7 non —io nic polymers) and activated cart on in t ’ o

presence of p-nitrophenol and found the wea k base phenol formaldehy de resi n

[J u o li t€ ’ -~-7 t n  be mos t proi I is~ ng for further study with is oth em - and col a-

t e t i n g  a t  v a nin u - phs. Hi or f ind ing w - s that the e f f l uen t  COD f re t  a

21
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bench-scal e, conmplete -mix reactor , aeration tank operated at a cell residence

time of 20 days was significantly more amenable to removal by beds of A-7 than

the equivalent system employing a cell residence time of 5 days. The authors

-j a lso noted that part ic les grea ter than 0.45 m it in diameter were removed 21 and

100 percent by A-7-packed colum imn beds for cell residence timues of 0.8 and 12

days, respectively.

Direct solvent extraction procedures have been employed in only limited in-
stances for the isolation of organic contaminants for other than identifi-

cation studies. Bunc h , et al. (Ref. 47) described a highly sophisticated

system bu i lt aroun d a Pod bi enak contac tor wh i ch was des ig ned to ra pid ly mea-
sure the con tent of synthet i c or p rocesse d chem i cals i n the even t of a hazar-
dous spill. In an earlier investigation (~ef. 48), a Scheibel multistage

coun tercurrent extractor and different solvents to concentrate organks frommi

ri ver water were emp loyed. Al though la bora tory s tudi es per formed w i t h a
phenolic water system demonstrated a higher recovery efficiency with increa -

sing imm ipel ler velocity , e f f i c i e n t  and e f f ec t ive  recovery was not ach ieved

under f iel d conditi ons because of emuls i on forma ti on between the na tural
solu tes and methyl i so butyl ke tone . Ma tthews (Re f. 56) desi gned , constructed ,

and evaluated three solvent-extraction contactors and found that a two-stage ,

perforated-plate column ach ieved a recovery efficiency equal to a com imparable

high-speed mixer/settler unit which was later adversely affected by emulsion

forma tion in natura l waters. It should be noted that solvent chloroform ii and

solvent benzene extracts from direct solvent contact are the basis for stan-
-
~~ dards applying to the gross organic and polynuclear aromatic content in Euro-

pean drinking waters (Ref. 57).

Adsorption of organic substances on active carbon has been used as the Carbon

Adsorption Method in the United States since 1951 (~ef. 41). Symons , et a l .
(Ref. 36) have proposed a simpler , more efficient and effective apparatus and

procedure for quantif ying the refractory organ ics present in natural and fin-

ished wa ters--The Organics-Carbon Adsorption Method . This procedure calls for

passing 60 ~
‘ of water through a 2-in inside-diameter by 3-in-long colum un

packed with 70 g of 14 x 40 mesh active carbon at a flow rate of 20 mut /m in (a
N contact t i m m me of 3 .9 ru i n ) .  A salient feature of this nmethod is a regular .

periodic flushing of the carbon in the direct ion of samm ip le flow to prevent

_ _ _ _  _ ____ _ _  
L~~~
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consol idation of the carbon during the run a:id accumulation of air pockets

that immmpede the sample flow . Since this procedure is likely to be included in

the ~~~~~ :~~
,“ H  - _ : s : / z i ’ - I  : ,

L I . / , , its use as a concentration method for

quantify i ng and characterizing refractory organics from secondary and tertiary

wastewater trea tment facil ities appears to be operationally desirable. Further-
more , both act ivated carbon and ion -exchange resins are feasible materials for
operationally l owering the quantity of biorefractory substances and harmful

trace subs tances fromn wastewater treatment plants . The principles and pro-

cedures necessar y for the effective operation of the remnoval process should

provide feedback and understanding to operating personnel if sim imilar methods

are utilized to periodically monitor effluent quality . The ability of the

Organics—Carbon Minifilter to concentrate typically higher levels of organic

input without unacceptable breakthrough and the chem uical character izat ion of
the recovered extracts are among the foremost i tems to be studied .

2 ~
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SECTION V
EFFLUENT ANALYSI S

MINIFILTER SAMPLING RUNS

The activated-sludge , extended-aeration trea tmmient plant selected as the samimp-

ling site is schematically illustrated in Figure 9. The average values for

the sand /anthraci te—fi l tered , act ivated -sludge effluent , which was the influ-
ent to the m i ni sampler , are shown in Table 2.

TABLE 2. WASTEWATER EFFLUE~IT C HAR A CTERI ZATION

pH 9.9 Carbonate A lka l in i t y , as CaCO 3 130
Suspended S o l i d s , mg/ L’ 4 I Tota l Nitrogen , mug N/ i’ 9 .6
Turbidity , NTU 7 \mn mnonia Nitrogen , mug N/~ 1.5
Specific Conductanc e, iimho /cm 820 Nitrate Nitrogen , mmmg NO~/~’ 14.6
D i ssolved Sol id s , ppm 521 Tota l Phosphorus , rug P/t ’ 11.5
Sodium , mg /C  114 Ortho -Phosphate , rug P/ i 8 .5  ‘H
Potass i um , mg/C 16.2 Chloride , mg CF/i’ 81
Calcium , mg/C 15 .5 Sulfate , nmg SO~/ t ,’ 96
iagnesium , mg/C 3.4 Fecal Cal iformu , Col ./lO O 1mb . 0
Hardness , as CaCO 3 95
Tota l_Alkal ini ty , as CaCO , 130 _______ j

C o m m i n u t o r

Domes t ic / 
— 

Aer a t ion Tanks J ~ 
— 

fflj
Sewa cm e 

h
- -~~~- - --- -ii_ _ _ _

~~
_- ;_ _ _ _ __ j -

~~

I Excess Activated Sludge

rAe robic~~ r ~ Minisamnp le~~~~~
Digestion I ft... f~i

T a n k  L L~~~j11j~
j
~ —

Sand /Anthrac i te
Pressure Fi l ter Eff luent Wet W e l l

(below bu ilding floor)

Figure 9. Activated-Sludge , Extended- A em’ ,rtion Trea tmuent Plant
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Fhe experimental setup shown in Figure 10 was employed in the minifi lter

sampling runs . A carousel- type sampler collected approximately 25 m~’ of the
sample in acidified Pyrex tubes at 1-hr intervals for determ i nation of the

resi dual nonvolatile tota l organic carbon (NVTOC) of the minisampler effluent.

The main operationa l difficulty was maintaining a constant flow of the samimple

through the filter because of vary i ng head pressure from the pressure filter

wh ich fed the main overhead tank. Approxima tely 47 ~ of sample passed through
the system during run 3 rather than the specifie d 60 1~. The location of the

test equipment during runs 1 through 4 was the north wall of the filter buil-

d ing. This provided a suitable environment and protection from the weather .

Subsequent runs were performed in the Civil Engineering Laboratories at the

Un iversity of New Mexico.

Unfortuna tely, the activa ted-sludge , wastewater treatm ent facility experienced

a rather complete and continuous process upset from January 1975 to the pre-

sent. The quality of the activated-slud ge effluent was extremel y poor and the
plan t’s mul timedia pressure filter~ coul d only be opera ted for less than 1 hr
before backwash ing was required . Thus , the recover y procedure i nclu ded pas-
sing the activated-sludge effluent through a graded-sand filter bed in the

laboratory before the sampling runs were mm m ade.

Table 3 shows the da ta collected from the f ive mninifi lter sampling runs. The

NVTOC measurements taken froum the mi nisampler influent and effluent are pre-
sen ted in Figure 11. These preliminary data indicate that the comparatively
hi gh concentrations of organics in the activated-sludge effluent did rtot

initiat u ~ dramatic breakthrough during the sampling runs . Another apparent

TABLE 3. DATA FROM MINI FILTER S A M P LI N C’I RUNS 

-~~~-- ---- --—- - -- --- -— - - - —-- - -~~~~~--- - - - —

Sand /
Run Date CCE — m , Plant Effluent Character is t ics , ~m m t .h r~ it-

mug/ C BOO , COD , SS, 
~ 

NVT OC - , Fi l ters  - -

mmg / mug/ I’ ~ m mm~/~~. - f . -
mu~ CR Operationa l

1 25 Nov 1975 - 1.62 - 82 22 5.0 Yes ‘

2 11 Jan 1976 I 1.87 56 111 25 6.7 ‘

3 14 Jan 1976 17.05 224 276 160 24 .0
4 27 Jan 1976 9.31 160 225 105 - - No

~~~~~~~~~ 
May 1976 1.94 - 

- , 31 - Yes

~
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—— 
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Upper

F i n e  R e s e rv o i r
S t a i n l e s s  - , , . - - . .

Steel - — 
-
- ‘-~ Ove rflow to W as te

Screen—~~ ~1.
.:.: H’

Multimedia Filter
E f f l u e n t  L i n e  to D i s p o s a l

Cons tan t .TubingHead Tank~~~~~~~~~ 

~Acti~~~~ Carbon (7 0 g)  
/

To Waste 
~~~~~~~~~~~~ 

- - - 

- 
~~~~~~

t 
H

Soleno id Valv Approxi mately 40 nC of Sample Collected
(Normally Close d) at Each Hourl y Interval During 48-hr Run

Measur in~r Container Ca rousel Sam impler

Note: Two ti rimers for indexing sampler and activating
solenoid valve are not shown .

Fi gure 10. Experim nenta l Setup for Samplinq Runs
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numbers deno te run.

H

o 
~~~ 0 - ~~~~~~ L~~~~~~~~~~~~~~~ t -- _ !  1 - -—

~~ ~~~ 0 100 200 300
Chemical Oxygen Demand , rug/C

• 1

Fi gure 12. Prel iminary Relationship Between Nonvolatile Organic

Carbon , Carbon Chloroformn Extract , and Chemical Oxygen Demand

fact is that significant quantities of organics were able to pass through the
bed and not become a component of the CCE. To date , the wastewater qual ity
parame ter wh ich correla tes to a degree with the CCE-mf is COD (Figure 12).

SEPARATION OF CCE- 3 IN METHANOL/CHLOROFORM/WATER SOLUTIONS

BY REVERSE PHASE COLUMN

A single wastewater CCE (CCE-3) was used in prelinmin ary studies to evaluate

the capability of the chroma tographic system to resolve the refractory organic

compounds. The CCE-3 (59.7 mug ) was dissolved in 1 mC of spectral-grade chloro-

form prior to being injected into the system . A Micropa k CH-lO Reverse-Phase

(25-cm) Column2 was used .

Efforts were directed toward establ ishing the operationa l conditions necessary

for optimum separation of the extracts as measured by the u ltr r s onic velocity

detec tor.

~ Varian Associates: 611 Hansen Way, Palo Al to , Cal i fornia 4303.
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Approximately 40 runs with 6 eluants , each with 5 to 8 different commib inations
of flow rate and pressure , were performed . The eluants evaluated were as
fo l lows :

c h loroform /methanol 1: 1
enr i che d chloroform /methano l 2: 1
chloroform /enriched methanol 1:2
etha nol/water 1:1
enr i c hed etha nol /wa ter 2:1
water /enriched ethanol 1:2

The solvent eluants which yielded the most satisfactory performance were the
mimore polar substa nces. Numerous chloroform/methanol immixtures at severa l flow

rates were unsatisfactory (Fig. l3a) ;  the results for the ethanol /wa ter mi x-
tures are shown in Figure l3b. It should be noted that the absorbance does
not return to zero; this indicates the presence of slowl y eluting species.
Disassembly of the column head revea l ed that the column was discolored and

contained a buildup accompanied by a very foul odor. This condition was par-
t ia l l y correc ted by washing the system with pure chloro fo rm.

In an effort  to m i n i m i z e  the quant i ty  of nonelu ted spec i es wi thou t ser i ousl y
affec ti ng resolut ion , 1- percent chloroform was added to a 50:50 ethanol/wa ter

m ixture. No significant advantage was noted so the percentage of chloroformm i

added was increased to the point of near saturation; i.e., the et hanol /water
mixture becamne cloudy . The results obtained are shown in Figure 13c .

“I
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Was tewater Extract: CCE-3
Solven t: ~lethano l/CHCl 3 (3:1)
Solvent Flow : 20 mC/hr
Column : Micropa k CH- lO , 25 cm
Detector: Ultraviolet Absorption at 280 nmi i
Sam im ple Size:  5 ~C
Attenuation: 0.16
Time Base: Approximatel y 20 mmim/ m in

E

C’.J

4 )

U

S..
0
(I)
.0

-~~~~~~~~~~~
_--~~~~~~~ --

0 2 4 6

T ime , ruin

(a) Ch1 ot’o i  O t ~
-
~/ lPthI nol Mix ture

Figu re 13. HPLC Analysis of Wastrw~ter Ext rac t - -
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Wastewater Extract: CCE-3 Ii
Solvent: Ethanol/Water (1:1)
Solvent Flow : 5 mnt’/ hr
Colum iin: Micro pak CH- lO , 25 cm
Detector: Ul t raviolet  Absorp -

tion at 280 nmim
Sample Size: 5 ~CAttenuation: 0.08 (1 ), Al l

Others 0.04
Time Base: A pproximately

5 m um im/ mu i n

E
C

cDcc
c’.J
44

ci)
U
C

.0
S.-
0
F/I

~0

~~~~~~~~~~~~~~ ~O 3~ 40

Timue , ruin

(b) Ethanol/Water Mixture

Fi gure 13. HPLC Ana lysis of Wastewater Extrart (cont inued)
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Wastewa ter Extract: CCE-3
Solvent: Ethanol /Water ( 1: 1)

Saturated with CHC1 3
Solvent Flow: 10 mC/hr
Column: M i c ropak CH-lO , 25 cm
De tec tor : U l t r a v i ole t Absor p-

tion nt 280 nm
Sample Size: 5 ~C
Attenuation: 0.04
Time Base: 14pprox irnatrly E rm/m in

E
C

0
cc
C\J

-4-,

ci)
U

• 

J~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

Timire , ruin

(c) Ethanol/Wate r M ixtu rr
S a t i r r i ted w i t  ~ Ch lo r o fo r m

Figure 13. HPLC Analysis of Wastewa ter Extract (‘on- luded )
-1
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SECTION V I 
- -

CON:LUS IOr-~S AND RECOMMENDATION S

BETA-INDUCED LUMINESCENCE DETECTOR

If a second hig h-pressure pump were used , a steady and reproducible flow of

scintil lator could be obtained and eluted solutes and scintillato r could be

uniforml y mnixed before they entered the detec tor. This would eliminate the

erratic output. it is recommended that when the proper equip imm ent becomnes

available , this be investi gated .

VARIABLE -PATH-LEN GTH , BETA-INDUCED LUMINE SC ENCE DETECTOR

The lens and its housing should be redesigned if si mi milar detectors are to be

built  in the future . These detec tors could probably be s impl i f ied and m ade
less prone to leaking . Testing, calibration , and utilization of this detector
will continue since its use as an FIPLC detector will be the subject of a por-
tion of William H. Rahe ’s Ph.D. dissertation.

ULTRASONIC VELOCITY DETECTOR

Inasmuch as the ultrasonic velocity detector has just recently become operable

in i t s  final for im i , there has not been ti rm ie to comnplete calibration studies .

tdb ulate response factors for a varie ty of solutes , or actuall y attach tIm’

detector cell  to the m P LC system u . Nevertheless , work is continuing in th i ” -, i ’

area s si 1LC ‘H - dutector system and its app l icatior i will ~ons t i tote t h’ ~i 1 ,j r

portion of M t . Chu~n Chen s Ph.D. dissert it ion.

SULID— STATE DETECTOR FOR SILVER ION-’

At h i s  point i m ’ e  is n o  d o  ev idence t h u  s i l v om meta l is mot Witirm-: o u t

in Hi” ext ’r n,u l sur ta ~e ‘1 the o,, l j d _ stoi t )e1l~’t dun n- i ~o ) 1 t i ~~~- ’ t ! ’1 C ‘ ‘ ~~~i-

m o~ . Tri n s imo rmo co :uloi eric ~~~ires wi l l  hav e t m  H mad i - I t  il l -  j l
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silver ions are being conducted through the solid-state pellet to the internal

mercury contact.  If silver metal is plating out on the external surface, there
is no adv an tage in using the so l id—sta te  pellet over a typical inert meta l or

carbon electrode when detect ing s i lver  ions vol tam nn metr ica l ly .  
- ‘

The Ag I W O  electrode can be used as a silver-ion potentiom imetric detector in

HPLC if interfering substances are not present. It wi l l  a lso funct ion as a
potentiometric detec tor for anions fo nm iming insoluble s i lver  sa l ts  and species ‘ 

-

formmm ing stable s i lver  commmp lexes , provided the solubility products of the in-

soluble sa l ts  are exceeded and the condit iona l formmmation constants of the
silver comm iplexes are sufficiently large to forum stable com m p lexes at the elec- 

0

trode /so lut ion interface. Its use as a volta mmetric detector is not estab-
lished at this point; further work mm mu s t be done to deter imm ine its capabilities

in tha t area .

EFFLUENT ANALYSIS

Reco immmendations with respect to the effluent analysis are tha t a mn ultipu uim p

capability would be desirable to moore effectively separate the substances and

tha t other colum uns , solven ts , and CCE m iaterials should be investigated . The

Chemistry Department of the University of New Mexico has offered the use of

their gel perm imeation chrom ima tography unit for separation of the extracts. This

unit is now equipped with a refractive -index and an ultraviolet -absorption

detector.

.31
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APPENDIX A
ULTRASONIC VELOCITY DETECT OR UNIT I 

-

This appendix functions as a user ’s manual  for the ul trasonic veloc ity detec-
tor unit in that it contains descriptions , including circuit diagrams of the

var ious modules , and operating, calibrating , and troubleshooting procedures.

The c i rcui t  d ia grams are current;  re cent mod i f i ca tions to the system a re di s-
cussed i n Sect i on I I I .

FUNCTIONAL CONTROLS

Front Panel

ON-OFF Switc h. The ON-OFF switch turns the power on or off; a pilot lamp m di-
cates operation. A 4-amp fuse in the primary circuit is located on the
rear of the chassis.

RECEIVER Connector. This BNC connector connec ts the receiver miodule inpu t

si gna l to the receiving transducer in the detector cell.

TRANSMITTER A and TRANSMITTER B Connec tors. These BNC connectors connect the

out put si gnal of the two transm i t ter modules to the two transmi tti n g
transducers in the detector cell.

COMP-LOCAL Switc h. This DPDT, on-none-on , toggle switch (SW2) selects either

external compu ter control or internal contro l through the logic circuit.
TRANSMITTER A and TRANSMITTER B Swi tches. These SPDT , on-none-one , toggle

switches (5W3 , SW4) turn the detector cell transmitting transducers on

or off . When t ransducer A i s on , sample-and-hold A (S&HA) is in the 2
- ut - - ; ’ ! ’ mode for calibration of S&HA (transmitter B in off position ).

These switches are bypassed when the detector is operated in the autom uatic

mode.
MAN-AUTO_Sw i tch. This  4PDT , on-none-on , toggle switch (SW1) provides the option

of operating the detector unit manually or automatically. When operated

m imanually, the logic circuit is nonfunctional and the digita l panel meter

(DPM) is triggered internally. When operated automatically, the DPM is

triggered by a down-going pulse (DPM TRIG) and the readout is held until

the next pulse triggers it again. Also , S&HB is held in the sample mode

when th i s  sw i tch is in  the MAN position.

4 1
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FUNCTION Switch. This 4-pole , 1 0-position switch (SWA) permits selection of

readouts on the DPM and outputs to the recorder. The DPM reads the phase

shi ft in terms of -1/10 of 1 mV directly from the output of the phase

meter when this switch is at B. When the switch is at A , the positive

value of the phase shift is shown on the DPM . In position SIG the DPM 
‘

reads the ou tput of OA1 , the difference in phase shift between the two

transmitting transducers when operated automatically. Positions +40 V ,
+15 V . - 15 V . and +5 V provide the power supply voltage checks . Positions
X l , X 1O , an d X l O O prov ide three a ttenuat ions for the DPM so as to perm it

any voltage to be checked when necessary. The recorder only responds to

the signals when this switc h is at SIG or A.
PERIOD TIME Switches. COARSE A and COARSE B are 1- pole , 10-position switches

(SW5, SW6) and FINE A and FINE B are 10-turn potentiometers (R18 , Rl 9).

The switches al ternately controi the on-time of the transmitting trans-

ducers and therefore control the cycle time of the unit (in 0.1-sec steps).

They are only effective when the unit is operated automatically.

OUTPUT (BNC Connectors ). SIG connects the output s igna l from the receiver

module to one channel of the frequency converter. REF connects the output

from the 1 -MHz oscilla tor to the second channel of the frequency con-

verter . LOC OSC connec ts t he out put of the local osc i l l a tor to the fre-
quency converter . RECORD connects the inverted phase shift to a strip

char t recor der .

To p C hass i s

OTR Un i t
This unit includes the 1 -MHz oscillator , the local osc i llator , two transmitter
modules , and the receiver module.
GATE A and GATE B Connectors. These miniature RF connectors connect via

shielded cables the A and B gate signals ori g inating in the logic circuit

to two transmitters.

REF Connector . This miniatu re RF connector connects the 1 -MH z reference signa l

to the front panel REF output conne :tor via a vhielded vmhle ,

XMTR A and XMTR B Connectors. These BNC connectors connect the ou tpu t  ot t he

transmitters to the front panel TRANSMITTER A and TRAN ’ ’-’I TTER P connectors

via shielded cables.
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REC IN Connector. This BNC connector connects the reciver module input to
the f ront  panel RECEIVER connec tor v i a a sh i el ded ca b le .

REC OUT Connec tor. This BNC connector connects the output of the receiver i i
module to the front panel SIG connector via a shielded cable.

LOC OSC Connector. This BNC connector connects the output signa l of the local

oscillator to the front panel via a shielded cable.

DC IN Connec tor. This 6—contact , miniature connector brings in +40 V , +15 V .
— 15 V , +12 V (for crysta l oven), ÷5 V . and common front the power supply.

2nir_Controls

2rnT Switch. The first five positions of this 1-pole , 10- position switch (0-4)

provide positive voltages from 0 to +14.4 V in 3.6-V steps to point 2n:’.

Position 5 is open for calibration purposes and the remaining positions

(6-9) are grounded .

TP. This black tip jack provides a test point for 2nn during calibration.

n . These four 2O-kc~ tr imming potent iometers are used to cal i brate the exact
voltages of 2m m (3.6, 7 .2 , 11.8 , and 14 .4 V) .

V TEST
These green tip jacks are marked 1 , 10, and 100. They are connecte d to Xl ,

X 10 , an d X l O0 po i n ts of SWA , respectively.

Lo g ic U n i t

DIV OUT . This 20-ku trimm i ng potentiometer serves as an output offset potentio-

meter from divider AD-427J (Dlv).

DIV X. This 20-k:; trimming potentiomneter serves as an external trim uming device
- for the X input (denominator) of the divider.

OA,~(~~~~nd OAljj) . These 50-k - tr i mnmmming potentiometers serve as offset poten-

tiometers for the operationa l amp l ifiers AD-ll8.

S&HA~TJand S&H! j~~ 
These 10-k trim mi ming potentiometers provide the offset for

the sample-and-hold ‘nodules DATEL SF IM-4 .

~~~~~ ?kfl and OA3çJ). These 20-k - trim imm m minn potentiometers provide offset for the

operationa l am plifie r s AD -lOl .
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Rea r C hass i s

PHASE IN Connector. This BNC connector connects the phase -m eter output signal

to the detector unit via a shield ed cable .

OPERATING INSTRUCTIONS

Setu p

NOT F

Before operating this equip uui ent , fam ut iliarize yourself witrm the oper-

ation of the ADYU-524A4 phase mueter and the ADYU -306 frequency con-

verter by referr i ng to the man ufac tur er ’ s instruction manuals

(ADYU Elec tronics , Inc.; 2517 E. Norwich St., Milwaukee , W isconsin

53207).

(1) Connect transmi tting and receiving transducers of the detector cell

to the detector unit via proper connectors.
( 2 ) Connect El IN , E2 IN, and LO IN of the frequency converter (ADYU - 306)

to the SIG , REF , and LOC OSC output connectors of the detector

unit , respectively.
(3) Connect El IN and E2 IN of the phase mmieter to El OUT and E2 OUT of

the frequency converter , respective ly.
(4) Connect the DVM OUTPUT of the phase meter to the PHASE IN connector

on the rear chassis of the detector unit.
(5) Plug the line cord into 115 V , 50/60 Hz. Turn on the detector unit

and al low 5 mm for warmup.

Manual Operat ion -2

Steady Phase Measurem ent. If the velocity of the ultrasound wave is to be

measured in a solution of known composition , the following procedur e is

fol lowe d : -

(1) Set COMP-LOCAL switch to LOCAL position.

(2) Set AUTO-MAN switch to MAN position.
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(3) Calibrate the 0° SET and 360° SET of the phase meter according to

the phase meter instruction mnanu al. While the FUNCTION switch of

the detector unit is at B, the DPM w i l l  i ndica te a vol ta ge of ei ther
00000 or -36000 in units of 1/10 of 1 mV.

(4) Turn FUNCTION switch to A. The DPM should now display a positive

vol tage of the same absolute value as that at B. (Refer to cali-

bration procedure if this does not occur.)

(5) Turn on TRAN SMITTER A. The voltage displayed on the DPM will be the

phase shift between the transmitting transducer A and the receiving ‘ -

transducer in 1/100 o-f I deg .

(5) Turn TRANSMITTER A off and turn TRANSMITTER B on. The DPM now reads

the phase shift between transmitting transducer B and the receiving

trans ducer . -

‘

NOTE
The d ifference in readings obtained in steps (5) and (6) will be

the phase shift difference between the two trans mm iitting transducers.

(7) Calcula te the veloc i ty of the ultrasound wave using the above data .

(See , for examp le , reference 35.)

Flow _System_Measurement_ (Sam m~p1e Fj~~J~~~j~~p~~~~Cel 1) .  In this stage only,
transm itti rm g trans ducers A or B may be used in one miieasurement as follows :

(1) Make all calibrations as above.

(2) Set FUNCTION switch to A posit ion.
(3) Connect a strip chart recorder to the RECORD output of the detector

unit v ia the offset device.
(4) Turn ei ther TRANSMITTER A or TRANSMITTER B on.

(5) Set the 2n~ switch to the proper position. (See 2n-- selection.)

(6) Balance the recorder by adjusting the potentio um meter of the vol tage
offset device.

(7) Injec t a sarm m p le into the separation column. The recorder out F’ :fl

will now indicate the velocity change, which can be interpreted as

the change in concen tration , versus time .
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Au tonmatic Operation

(1) Make all necessary calibrations as above.
(2) Set COMP-LOCAL switch to LOCAL position.

(3) Set MAN-AUTO switch to AUTO .
(4) Adjust the PERIOD TIME switches of both A and B according to Table A-l

to p rovide the desire d w idt h of the generate d pulses which  w i l l  turn
on the transm itting transducers A and B. (Pulse A must be 0.1 sec

lon ger than pulse B.)

(5) Set 2n.: switch to the proper position. (See 2n:’ selection.)

(6) Connect and balance the recorder as for manual operation.
(7) Inject a sample and observe the recorder output.

NOTE
If no pulse is generated in step (2) (i.e., the DPM does no t
trigger), a starting pulse may be generated by first setting the

COMP-LOCAL switch to COMP and then back to LOCAL . Once the pulses

are generated they wi l l  continue. 
- -

CALIBRATION PROCEDURES

The detector un i t shoul d be cal i b ra ted on a mont h ly basis  or whenever poor
performance is detected . The following procedures are used :

(1) Set switches on the front panel to LOCAL and MAN positions.

(2) Cali brate Xl O and XlOO of SWA as follows :

(a)  A pp ly a standard voltage of approximately 4 V between tip jacks

1 and G of V TEST (top chassis); set FUNCTION swi tch to Xl ; and

recor d the volta ge di s p la yed on the DPM .

(b) Appl y the above standar d voltage between tip jacks 10 an d G ;

chan ge FUNCTION to X l O ;  an d aga i n recor d the read i ng on the DPM .
NOTE

I f the second reading is not 1/10 of the first reading ,

the 2-k. trimming potentiometer of SWA must be adjusted .

(c) Apply the same standard voltage between G and lOCH set FUNCTION 
-

‘

at X100; and again record the voltage displayed on the 0DM.

(This value should be 1/100 of the first one.)
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(d) Adjust the 1-k - trimming po tentiometer of SWA to ob tain the
correct va lue .

(3) Cal ibra te 2n: OUT as follows:

(a ) Connect TP of 2~ ’ control to tip jack 10 of V TEST .
(b) Set FUNCTION switch to X1O.

(c)  Set 2nu switch to position 4.
(d)  Adjust n = 4 trimming potentiometer to provide display of

exac tly 14400 on DPM .

Ce) Set 2nii switch to position 3.

(f) Adjust n = 3 trimming potentiometer to provide display of

exac tl y 1 1800 on DPM .

(g) Set 2mm switch to position 2.

(h) Adjust n = 2 trimming potentiometer to provide display of
exactl y 07200 on DPM .

( i )  Set 2nTr switch to position 1.
( j )  Connect TP to jack 1 of V TEST.

(k) Set FUNCT iON sw it ch to XI .
(1) Adjust n = 1 trimm ing potentiometer to provide display of

exactl y 36000 on DPM .
(4) Calibrate divider as fol lows :

(a) Remove S&HB and S&HA from socket.

(b) Set 2n~ switch to position 5 (open).

(c) App ly proper standard voltage to TP of 2n:r switch and the ou t-
put of S&HB according to Table A-2.

(d) Adjust trimming potentiometers DIV OUT and DIV X according to

Table A-2.
(5) Calibrate OA3 , 0A4 , and related components as follows :

(a) Wi th S&HA and S&HB still excluded from the circuit and 2rnr

switch at position 5, gm- ound TP of 2n’ switch and ground the

output of S&HB .

(b) Adjust trimming potentiometers 0A3(T) and 0A4(T) to obtain a

zero-vol t output from both 0A3 and 0A4 .

(c) Us ing a voltage source of about +3.5 V , measure the value accu-
rately with the 0DM by connecting to V TEST and tip jacks 1 and

G. Then , apply this voltage to TP with the output of S&HB

still grounded . Adjust RK to obtain the negative value of
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TABLE A-l. PERIOD TIME SWITCH PO S ITI ON S

Coarse F i ne Pulse W idt h ,
Position Position (sec)

4 1 79.7 0.1

2 64.7 0.2

3 51.4 0.3

4 38.9 0.4

5 23.8 0.5

6 10.1 0.6

7 0 0.7

8 0 0.8

9 0 0.9

0 0 1.0

Note: Applicable to both A and B.

TABLE A-2. DIVIDER BALANCES FOR X AND OUT

Ste Trim X-Input , ~~~Z - I n pu t , Ep Adjustment V i ‘I out
_ _  __-  -- r ’ -- -- --~~~~~~~~~~~~~~------- ---H

DIV OUT -l 0 Adjust for Zero

2 DIV X -1 +1 Adj cst to -10.00 V a

3 DIV X -1 -1 Record E0~t 
h

4 DIV X -l -l - Adjust to +10 V + C

- - —-  . ..~~~~~ ___  ~~~~~~~~~~ - - L - -

~Volta ge can be displayed by using X1O of the FUNCTION swit h.

e = 1/2 difference between Eout of step 3 (+10 V -
~ 2e) and +10 ~~,

~1

~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~ ---—~~~- — — 4 - -  ~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~
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this previously determined voltage at the output of 0A4.
(d) Ground TP and apply the above voltage (“ 3.5 V) to output of

S8~HB. An exact negative output can be obtained from 0A4 by

adjusting RL .

(6) Cal ibrate OAl , OA2 , an d rela ted com up onen ts as fo l lows :

(a) Remove S&HA fromn its socket.

(b) Apply zero vol t from the phase meter to the detector unit.

(See phase meter muanual.)

(c) Connect inpu t and output of S&HA together with a shorting lead.

(d) Adjust trimming potentiometer OA1 (T) and 0A2(T) to get zero-volt

output from OA1 and 0A2. This mimay easily be checked by setting

FUNCTION switch to A and then to SIG.

(e) Ground input of RA and app ly -3.6 V from the phase meter to 0A2.
(See manual.)

NOTE
RA’ , RB’ , RC’ , RD’ , and RE ’ are large-value resistors (10 to

50 M~) which are placed in parallel with RA , RB , etc . to achieve
exact unity gain of the operational amplifier ; .

(f) With FUNCTION set at A , chan ge resistor RD or RE ’ to obtain

exactly 3.6 V .
(g) Change FUNCTION switch to position SIG. 0DM should now indi-

ca te -3.6 V. Change resistor RB ’ or RC’ to obtain exactly

—3.6 V.

(h) Reconnect input and output of S&HA. DPM should now disp lay

zero volt. This can be achieved by chang ing resistor RA’ or

RC’ . If RC’ was changed , step (g) mmust be checked again.

(7) Cal ibrate S&HB as follows:

(a) Plu g S&HB back into the socket.

(b) Ground input of the S&HB and adjust S&HB(T) to obtai n zero-volt

output.

(c) Set MAN-AU TO sw i tch to AUTO position m d  adjust PERIOD A and B

to a moderate time interval (0.2 to 2.0 sec).

(d) With the input grounded , connec t the output of SP~HB to an

oscilloscope set at a range of 1 mmmV and trace the signa l with

the oscilloscope set for AC mea ’,ure ’ i ’ mmt ., l i p  the hold o~ ‘ u t

1~~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘1_
~~ _ _



-: ‘. — - 
- 
‘~~~~— ~~~~~ --~~~~L~~~ - 

‘
~~~~ -~-~~ -~~~~~~-- ~~, ___________

adjustment to obtain as flat a horizonta l trace as possible.

If there is difficulty obtaining a flat response (with the ex-

ception of small spikes), the PERIOD setting is too low . A

lon ger t ime interval  shoul d be selecte d , and this step should

be repea ted .
(e) Apply +3.6 V to the input of S&HB and adj ust the hold offset

again.

(f) Repeat steps (d) and (e) several times until the best results

are obtained for both tests.
(8) Calibrate S&HA as fol lows:

(a) Ground the input of S&HA and adjust S&HA(T) to read zero-volt

ou tput with MAN-AUTO switc h set to MAN.

(b) Adjust the hold offset as for S&HB [steps (7c) through (7f)].

dc POTENTIAL CHECK

Since the +40 V , +1 5 V , -15 V . and +5 V dc power supplies are also connected

to the FUNCTION sw i tch , the dc potential can be checked any time by setting

FUNCTION to the desired position. Defective power supplies can then be de-

tected by observing the readings on the DPM .

REPLACEMENT OF ELECTRONIC COMPONENT S

-‘ A l l  commmponents , except those which are in the circuits of the two transnmitter

mmmodu les and the resistors which are connected to the operational am upli ~ ie r’

OA 1 an d 0A 2, umay be rep laced freely when defective. Components in t r , i m ; ’ - ’ it fe r

modules A and B are ma tched (4 percent) pairs for the two modules to provide
identical operating conditions for the two trans nmitters. The 10— k u ’ 1 - - t i ’  s

connected to OA I and 0A2 are mmiatched to better than 0.01 percent to provide
unity gain . The exact match is achieved by connecting large-va lue res ist-;r~-

in paral lel  w i th  the 10 —k resistors.

TROUBLESHOOTIN G

Little trouble should be experienced with this . lu ’ t r- c or un i t . O t h u ’ ;  t h , ;u . de-

fec t i ye parts. These may e a s i l y  fur ’  detected by r,ir ” iii cal i ‘ra m t  - T he  ‘01 -

lowi ~ l problems may occur at mmmore t ‘ e q m m e n t  i r u t  u ’t’ v i Is:

~c) 
4----- -- -4- --

--—- -~~~~~ - --4- -4 - — 
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(1) Dur ing any measurement , the phase shift displayed on the DPM should

be stable to bet ter than ± 0.05 mV and the output of the recorder
shoul d not show noise of more than 1 mV . When the perforniance of

the detec tor unit i s poorer than s peci fi ed , the phase meter should

be carefully balanced again. (See the operation manual for the
ADYU S24A4 .)

(2) If spikes are shown on the recorder output , the S&H offsets muust

be adjusted .

(3) The 2n-rr output should be checked when nonlinearity of the recorder

output is detected . Linearity is best checked by filling the cell

with solutions of different concentrations; a plot of outpu t versus

concentrat ion should be l i near .
(4) When it is impossible to balance the recorder output by the voltage

of fset device , the voltage offset battery needs to be replaced .

2mm SELECTION

The parameter n is the number of full waves (271) delayed between the trans-

mitter arid the receiver other tha n the portion of phase shift delay obtained

from the phase meter . The number of full waves shifted depends on two vari-

ables--the distance between the receiver and the transmitter and the veloc i ty

of sound in the med ium between the receiver and the transmitter. Therefore ,

n depends on the particular detector cell be i ng used and the solvent passing

through the cell. For the particular cell used in this development effort ,

the value of n was 3. The parameter n may also be calculated fromm i the known

sound veloc ity in a calibrating medium (such as distilled water) and the ap-

proxima te distance between the transmitter and the receiver in a particular —

cel l by the equat i on

n = 
~~

-
~~

- - 
~~~~

- (n = 1 ,2,3 , . . . )

where f = frequency of the sound (1 MHz in the detection systemmm described here),

r = approximate distance between transmitter and receiver , V = veloc i ty of

sound i n the ca l ib ra ti ng med i um , A = phase shift measured by the phase meter ,

and 2-ri = 360 deg . The calculated value of n should , of course , he rounded

off to the nearest inte ger .
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I N I T I A L  D I S T R I B L ~T Ifl N

Hq USAF/ PRE E 1 AFC EC /S U
H q USAF /PREVP 1 AFCE C/SUL
H q USAF /PREVX 1 AFCEC /W E
Hq USAF/RDPS 2 AFCEC/ [V 5
Hq USAF /SAFOI 1 AF CEC /EVD
Hq USAF/SGPA 2 AFCE C / ’EVC
AFLC / SGB 1
AFSC/DEV 1
AFSC / SGB 1
AFSC/SGPE 1
AFSC /DLCAM 2
AFOSR (Life Sciences) 1
AMRL / DAL 1
AMRL /THE 1
OEHL/ CC 3
OEHL /OL-AA 1
OEHL /OL-AB 1
AFWL / SUL 1
AFGL /X O P 1
USAFSAM/EDE 2
AMD 1
ADTC /CSV 1
ADTC / DLOSL 1
1035 USAF Tech Ops Gp/TDM 1
1 Med Service Wg/SGB 1
Univ of New Mexico/Dept of Chemistry 3
DDC/TCA 12
De f Resch & Engrg/AD (E & LS) 1
OASD /I&L)ES 1
USA WW Exp Sta 1
USA CERL 1
USA Eng R&D Lab/MERDC 1
DARD-ARE-E 1
NCEL/Code 25111 1
Nay Ship R&D Ctr /Code 3C2 1 1
Technol ogy Transfer Staff (EPA) 1

~ffice of Rsch and Devel opm ent 1
National Science Foundation 1
SGRD -UGB 1
Stanford Univ/ Dept of Civ Ln ns - n 1
Stanford Univ/ Dept of Ea r th Sciences 1
Calif Inst of Tech,’Dep~ En v Scien es 1
Mass Inst of Tech/Dept of Civ r1qr~ 1
Toxic  ~- 1dt 1s Information rs - nt ’ u -  1
Univ of New ~‘exi co/ fle I~ of Civ Eng s -g 1
Sou theast Envi ron Research Lab
p aci f ic Northwest Environ Rsch Lab 1
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