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ERRATA NOTE NO. 1

MANUAL: 6220 Salinometer

PURPOSE: Incorporate Engineering Changes

ii

3-8

4-i

4-l

4-5

6-L/ 6-2

UNESCO Tables
Page 79

UNESCO Tables
Page 111

Date: I9 September I9 67
Sheet I of 2

Change

Delete line " 4-3 - Sample CeIl Chemical
Cleaning - 4- 1"

Update Figure 3-1 per corrected Iog sheet
shown in attachment A

Delete paragraph 4-3 and 4-4 down to but
not including CAUTION.

Change paragraph 4-6 to read "To lessen
the possibility of damage, the ceIl should
be removed and cleaned only when ob-
viously dirty. To remove and clean, pro-
ceed as follow: etc "

Paragraph 4-6 (step b) - Delete "or non-
ionlc mild detergent "

Paragraph 4-9 - change caution to read
"When packing thermometer, care should
be taken not to bend probe. "

Paragraph 4-g (step b) - change to read
"b) ttre platinum thermometer must be
sealed into the cap. This is accomplished
with self-leveiing RTV- 1i8, General
EIectric.

Paragraph 4-9 (step c) - Add to last Iine
"SeaI with self-Ieveling RTV. "

Paragraph 6-4 (Fourth line) - Change to read
"ous Electronic Components (Rear Panel). "
Delete "and Overflow Circuit Components. "

Change to answer of computation (Iine i i)
to read "From table Ia, salinity S= 29.763o/o!
Also change answer for corresponding lan-
guage trans lations

Change answer of computation (line 11) to read

"From table IIa, salinity = 29.763%J AIso
change answer for corresponding language
tra ns iatio n s .
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4-5
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CHAPTER 1

GENERAL DESCRIPTION
I- I. GENEML

l-2. The Blssett-Berman Corporatton Modll 6220 Portable Laboratory Sali-
nometer (Figure I-I) is a preclslon lnstrument for measuring the salinity of sea
water samples. The Model 6220 ls a cond uctlvity- type measuring device which
utilizes an lnd uctive ly- coupled conductivlty sensor to establish a conductivity
ratlo between an unknown sample and a standard at approximately 35 ppt salin-
ity. Actual salinity ls then easily and quickly determlned by reference to the
tables at the rear of this handbook. A dual-element platinum thermometer and
associated circuitry senses the temperature of the sample and applies appro-
priate compensation, For temperature dlfferences up to t3oC between the
sample and the standard, compensation ls fully automatic over the range 0o to
400 c.

1-3. Physical C haracteri stic s. (Figures l-i and l-2)' The salinometer is
completely contained in a molded fiberglass case which has a carrying handle
at the top and feet at the bottom. The front of the case ls removed when oper-
attng the lnstrument. All operating controls are convenlently located on the
front panel. The instrument is equipped with two motors: a pump drive that
provides a vacuum for filling the sample cell, and a stirrer which agitates the
sample to maintain temperature uniformity durlng measurements. Overflow from
the sample cell during filling is dralned into a water trap. A switch at the rear
of the instrument selects elther I15 or 230 vac llne power.

NOTE

The line-power swltch ls ordinarlly a
factory adjustment whlch ls set to cus-
tomer requlrements when the instrument
is ordered.

l-4. Samp]e Cell. The sample cell (Ftgure I-2) is formed of molded lexan.
It ts fitted with a stopcock that has three positlons: fill, drain, or closed.
Contained wlthin the sample cell are a toroidal transformer that forms an lnduc-
tive coupling with the sea water, a platinum resistance thermometer, a therm-
istor, and the stirrer. Plastic hoses lead from the cell to the sample bottle and
to the overflow j ar.

1-5. Overflow Water Trap' The overflow water trap (Figure I-2) is a reser-
voir which catches surplus water from the sample cell. The trap has screw
threads at the top and is easily removed for emptying.

1-6. Vacuum Pump' Filltng the sample cell is accompllshed by a vacuum
pump located at the rear of the tnstrument (Figure l-2). Durlng sample cell

The Bissett-Berman Corp. "G" Strcet Pier, San Diego, Calif. 92101

I-I

RISSETT



The Bissctt. Bgrman CorP.

t-2

L AC Pow€r Swltch
2. Null,/Temperaturo Indlcator
3. T6mpsrature,/sallnlty switch
4. FIll Conuol
5. PumB/oty'stlr swirch
5. S.mple Csll
7. Vacuum Control
8. DUt Tub€
9. Overflow Jar

10. D.aln Tube
ll. Standardlz€ Dtals
12. AC Pow€r tuse
13. AC Power Cord
14. ConductivLtY Ratlo Dtals
:5. Stlrrer Motor
16. Stlrrer Drtv€ B€lt
I 7. Null,/T€mporaluro lndLcator
18. Ratlo Transformer Modul€ 6IA5)

19. Pow€r Supply Modut€ (AlA3)

20. rr5/230 Lrns Pow€r swrtch
? I. OscLllator Modul6 (AIA2)
22. suBmatlon Ampllfter Module (AlA4)
23. D€tector Anpllfler Module (AlA6)
24. Temperature Compensatlon Module(AIAT)
25. Ovorflow Tube
26. Pump
27. Puhp Drlve Motor

Ftgure I -2. Front
with

and Rear Views of Instrument
C over Removed ..-

O Strcel Pier. San Dtego, Calif. 92lOl
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BEI{MAN
the FILL CONTROL openlng on the
cuum control needle valve (Figure I-2)
ustable to regulate the vacuum' This
e-posttton swltch Iocated on the front
PUMP positton, and the stlrrer (Para-

graph 1-7) in the STIR Position'

l-7. Stirrer. A motor-driven stlrrer ln the sample ceII agitates the sea

*at.r leiiq;;asured to assure that the temperature throughout the sample re-

mainsuniform.ThestirrerlsactuatedbythePUMP-OFF-STIRswitch.

1-8. OPEMTING CONTROLS

1-9. AIi operating controls for the instrument are located on the front panel

ia,nu."" i-i l.a t-zi. rrrev consist of switch' a

TEMPERATURE-SALINITY switch, a NULL meter' CON-

DUCTWITY RATIO dials, STANDARDiZE d a PUMP-

oFF-STIRswitch'Thesearedescribedindetailinthefollowingparagraphs'

1-I0. POTMER ON - POWER OFI Switch' This two-position switch applies

Iine power to th. in 
"t, 

u.1il--Eiii-iilh e switch llluminates when power is

on.

1-1I.
mall y in
thE TEM
strument is applied to salinity measure

position, the temperature of the sample is shown on the NULL/TEMPERATURE

INDICATOR.

r-11 r

that indi
ples during salinity measurements, and

perature measurements' The readout ol

positionoftheTEMPERATURE-SALINITYswitch(Paragraphl-1i)'Thismeter
has a slotted zero-adjust'

l-13. CONDUCTIVITY R4UQ-p.B-l-q' The CoNDUCTIVIW MTIO diais (Fiqure

I_2), when adiusted to-;;X th-" NULL,/rf Upfn-ntURE INDICATOR, give a direct

reading of the ratio of the conductivity of the unknown sample to that of the

standard sea water used to standardize the instrument' These dials are

initially set by comparinnln" indicated chlorinity of a sample of Copenhagen

Standard Sea water with ihe STANDARDIZING MTIO TABLE on the front of the

instrument, and determining the conductivity ratio' With an unknown sample

in the instrument, these diils are adiusted until the meter nulls' The dtal

readings obtained are converted to salinity units of measure by reference to

the tables at the rear of this handbook'

The Bissett-Berman Corp. "G" Stteet Pier, San Diego, Calif. 92101
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I-14. STANDARDIZE Dials. The STANDARDIZE dials are used durtng initial
standardization of the instrument when establishing the precise conductivity
ratlo of a standard sea water sample. After setting the CONDUCTIVITY RATIO
dlals as described in Paragraph I-13, the STANDARDIZE dlals are set to pre-
cisely nuII the NULL,/TEMPERATURE INDICATOR. Thereafter, the setting is
not changed, except for each new " salinity run. "

I-I5. FILL CONTROL. The FILL CONTROL is a smaII opening that controls
the vacuum to the sample cell. During all filling, the FILL CONTROL ts sealed
with the finger. An adjustable needle valve (Figure I-2) provides control over
filling rate.

I- t 6. PUMP-OFF-STIR Switch. The three-position PUMp-OFF-STIR switch
controls both the vacuum pump and the stirrer, In the PUMP position, the
vacuum pump operates to fill the sample cell. In the OFF positlon, the motors
are inoperative. In the STIR position, the stirrer ls actuated to maintain a
uniform temperature in the water sample whlle measurements are being made.

L-17. SPECITICATIONS

I-18. Specifications for the sa.linometer are provided in Table I-I.

Table l-I. Specifications

SALINITY MEASUREMENT

Range 0 to 5I ppt

Least Count 0.0004 ppt

Accuracy +0.003 ppt

Temperature *0. 002 ppt for variation of +3 oC

Compensation between sample and standard

TEMPERATURE MEASUREMENT

Range OoC to 40oC

Accuracy +0. 5 oC

GENERAL

Dimensions 9x15x20 inches

Sample CeIl Capacity 50 cc

Weight 3 6 lbs.

Power Requtred II5 or 230 vac, 50-60 cps, I ph

Irl

l
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CHAPTER 2
INSTALLATION

2-t, UNPACKING

2-2. When the instrument is received, the packing case should be examined
for evidence of rough handiing' Althouqh the salinometer is ruggedly built to
withstand shock, it should be examined for damage. If damage is seen, notify
carrier. There is no packing material within the instrument.

2-3, INSTALT"ATION

2-4. The salinometer should be set up on a work table or other suitable
surface with drain facillties close by' if a sink is not available, a bucket or
Iarge bottle resting on the floor can be used. The instrument may be perma-
nently secured to a desk or other work surface by removing the screws which
attach the rubber feet and installing bolts in the tapped holes from the under-
side of the table. See Flgure 2-l for mounting points. If it is desirable to
attach the salinometer to a table from the top side, a secondary bar with
suitable holes may be fastened to the rubber feet, and the unit secured by
bolting the bar to the table. In any case, the instrument should be secured
well enouqh to prevent damage from ship's movement and insuiated from major
vibrations. Remove the front of the base by opening the latches on the sldes of
the unit and lifting the front off. Connect the power cord to a standard source
of 60 cps I15V or 230V AC power (refer to Paragraph 1-3 for Iine-power switch
adjustment) . Note that a three-wire cord (with ground plug) is used.

,_< PREIIMINARY ADJUSTMENTS

2-6. No preliminary adjustments are required to operate the ModeI 6220.
However, (with power off) the NULL,/TEMPEMTURE INDICATOR needie should
be set to 20oC (centered) usinq the zero-adjust screw beiow it, before operat-
ing the instrument. In addition, (with power on) adjust the CONDUCTIVITY
RATIO dials to .00010, .00020, and so forth, to observe meter sensitivity'
Meter deflection should be perceptible for the smallest change, and should be

reasonably llnear for the first few steps of deflection (approximately loC
defiection on NULL./TEMPERATURE INDICATOR for the tnitial steps, and then
diminishing). The instrument is now ready to operate as described in Section 3.

Diego, Calif. 92101
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CHAPTER 3

OPERATION

3 - I. GENERA1

3-2. Basic Procedures. The Model 6220 Laboratory salinometer is quite

st*pl. to ope.ate, und personnel completely unfamtliar with the instrument can

Ieamtouseitandmakeprecisemeasurementsinashortpertodoftlme.The
first operational step is io standardlze the instrument uslng Copenhagen Stand-

ard sea water. standardizatton ls necessary to allow for small drifts in pre-

cisionco,nponents'smalldriftsinthegeometryoftheconductivitycell,and
to compensate for physical changes due to ambient temperature condttions and

aging.' After standard ization, the instrument will indlcate a conductivity ratio

of I.00000 for sea water having a salinlty of 35 ppt. However, copenhagen

standard sea water does not always have a sallntty of 35 ppt, so the conduc-

tivity ratio will vary from unity, depending upon the salinity of the standard'

NOTE

Standard sea water is obtained from the
f ollowing source: I'A'P'O' Standard
Sea Water Service, Charlottenlund Slot,
Charlottenlund, Denmark'

The second step in operating the instrument after it has been standardized is to
determine the conductlvity ratlo of the unknown sample. This is accompllshed

byfi]IingthesampleCellwtththeunknownsampleandadjustingtheCoNDUC-
tfVt.I'y nlnO dials until a nuII is obtalned on the NULL,/TEMPERATURE INDi-
CATOR. The CoNDUCTIVITY RATIO dial reading is the ratio- of-conductivitv
of the unknown sample to the conductivity of a standard havlng a salinity of

exactly35ppt.Thtsconductivityratioisusedinconjunctionwiththetables
at the iear oi th" hundbook to arrive at the salinity of the unknown sample'

1_?

Iinity measurements, the standard sea water, the nknown samples' the in-
struments, and the room in which measurements are performed should be at a

temperatureofwithin+3oCofeachother.Thisisbestaccomplishedbystor-
ingthesamplesandinstrumentintheroomwheremeasurementsaretobemade.
Larger differences in temperature can be tolerated if lower accuracies are

acceptable.

3-4. SAMPLE CELL FILLING PROCEDURE

3-5. General. Inasmuch as the purpose of the instrument is to perform

highly precise measurements of sea water to determine its sallnity' lt is
im-portant that the sample being measured in the sample ceil is tl.uly represent-
ative of the unknown specimen. For this reason' the ceII must be clean, free

Thc Bisselt-Berman Corp. "G" Street Pier, San Diego, Calif. 92101
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from bubbles, and uncontaminated by previous samples. paragraphs 3-6
through 3-ll describe the use of filling controls and recommended filling and
rinsing procedures.

3-6. Use of Filling Controls. The filling controls are comprised of the
PILL CONTROL opening on the front panel, the vacuum control needle valve
behind the sample cell, the sample cell stopcock, and the various tubes used
for filllng and draining.

3-7. FILL CONTROL Opentng. The FILL CONTROL is a small air inlet that
taps into the suction line between the sample ceII and the overflow trap to pre-
clude accidental drawlng of Iiquid into the ceII, by normally relieving pump
suction. The opening is closed with operator's finger to fill the ceII.

3-8. Vacuum Control Needle Valve. The vacuum control needle valve,
which ls located adjacent to the sample cell, controls the amount of suction
to the sample cell and, consequently, the vacuum at the FILL CONTROL open-
ing. A satisfactory filllng rate can be obtained by adjustment of the needle
vaIve.

3.-9. Stopcock, The stopcock is
filling and draining the sample ceII.
which Iiquid flows, and is placed in
retaining the sample.

a three-positlon valve that is used for
The stopcock has two ports through

a mid-position between the ports for

3-I0. Tubes. The plumbing in the instrument is comprised of tubing for air
suction and for sample draining and filling. The two tubes attached to the
stopcock are for sample ceII draining and filling. Air suction and overflow
drainage are provlded by the tube connecting the overflow jar to the sample
cell and fill control opening. The other hose from the overflow jar connects to
the needle valve whlch is in series with the vacuum line. From the needle
valve, a hose returns to the pump. If the overflow jar is not emptied when
full, excess fluid flows from the pump through a hose that hangs loose beside
the overflow jar.

3-1I. Rinsing. In order to assure that the sea water in the sample cell is
representative of the collected sample belng measured, aII residual traces of
the previous sample tested must be removed from the cell. This is accom-
plished by rinsing the cell with a sample of the specimen to be measured.

The sample, at the temperature at which measurements will be made, should be
introduced into the cell and drained at least twice.

The Bissetl.Berman Corp.
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NOTE

When samples being measured are very
close in sallnity (+t ppt), one rlnse per
readlng is sufficlent. This ts because
thd sample cell, when drained, only re-
tains approximately one percent of the
prevlous sample, so an error cannot
exceed one percent of the difference
between successlve samples. For this
reason, lf the sample quantity is not
sufficient to use part of lt for rinslng
the cell, accurate measurements can
still be made with the lnstrument.

To rinse the sample cell, proceed as follows:

a) Turn power on.

b) Place the flII tube in the sample bottle.

c) Turn the three-way valve to the fiII posltion. RED EltD u(>

d) Set the PUMP-OFF-STIR swltch to PUMP and place finger over the
FILI CONTROL opening.

NOTE

The finger should completely close the
FILL CONTROL opening. Filling rate is
controlled by the needle valve. FiIIing
too rapidly will cause bubble formatlon.

e) Ailow complete filling of the cell as indicated by liquid starting to
enter the alr tube at the top of the cell. Allow some liquid to pass throuqh the
air tube to assure adequate rlnsing of the stirrer. Before moving finger from
air relief lnlet close the three-way valve to retain the llquid in the cell.

f) Set the PUMP-OFF-STIR switch to STIR for a few seconds to
thoroughly mtx the rinse solution' Set the switch to OFF.

g) Turn the three--way valve to the drain posttion. Repeat the rinsing
cycle at least two times.

The Bissett'Berman Corp. "C" Street Pier, San Diego, Calif. 92101
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3-t2.

NOTE

The three-way valve should be left open
following each draining to assure thor-
ough emptylng of the cell and fIlI tube.
Visually ch6ck that all liquid ls drained
before insertlng the fill tube ln a new
sample.

Establlshtng Conductivity Ratios.

a) Note the stated chlorinity value on the Copenhagen Standard Sea
water ampoule and refer to STANDARDIZATION RATIO TABLE (STANDARDIZE AT
CONDUCTIVITY RATIO column) on front panel of lnstrument to determine appli-
cable CONDUCTIVITY MTIO dial settinss,

b) Set CONDUCTIVITY MTIO dials to figure glven in STANDARDIZE
AT CONDUCTWITY RATIO column for chlorinity of standard sample being used.
Record this on the log sheet in the CONDUCTMITY RATIO column. Refer to
Paragraph 3-I8 for instructions on recordlng data in log sheets.

c) P1ace stopcock in fill position (black marks aligned) and fill
sample bowl from sea water ampoule. This is accomplished by breaking off
one end of the ampoule and inserting it in the filler tube from the sample cell,
and then holding it vertically while opening the other end of the ampoule.

d) Elevate the ampoule stightly above the sample cell to allow for a
gravity fiII. Close stopcock when sample ceII ls fuII and overflowing into the
water trap.

NOTE

Observe that bubbles do not appear in
cell during filling because they wlII
cause erroneous readlngs. If bubbles
are present, drain and refill. Filling
bowl slowly will help preclude bubble
formation. At Ieast 15 to 20 seconds
should be taken to fill cell.

e) When sample ceII is filled, start stirrer.

f) Ad just the STANDARDIZE dials until the NULL INDICATOR reads
zeto.

g) Momentarily close SALINITY TEMPERATURE switch and read tem-
perature of sample on null meter.

Thc Bii5ctl-Berman Corp. C Street Pier, San Dicgo' Calif, 92101
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h) Record temperature readlng on log sheet' The first filinq
representsarlnseofthecellandsuccessivefillingsmaydiflerslightlyin
STANDARDIZE dlal readings. For this reason the first reading should not be

recorded.

i) Turn off the stlrrer and drain the sample from the cell'

j) FiIl the sample cell again, following the procedure of step c)

on this second ftIIinq, aiiust STANDARDIZE dials untll meter nulls. Record

this reading in the STANDARDIZATION column of the log sheet'

k) Repeat steps c) through i) two or three times more' depending on

the amount of water ln the ampoule' Record each of these STANDARDIZE dial
uccesslve readings recorded must be

sidered standardized. Repeat steps c)

ing of the cell is read, turn stopcock
rain back into the ampoule by gravity,
illing tube.

NOTE

Do not change the STANDARDIZE dial
readings once the instrument is stand-
ardized during subsequent salinity
measurements of unknown samPles.
However, the instrument must be re-
standardized each 20 samPles, or

hourly, whichever ls first.

3 - 13 . Measuring Salinity of gnBnown Sqmpie' After the lnstrument

b".n "tu.,dffiwater 
drained from the sample

measurements of unknown samples can be made' This ls accomplished

foilows:

a) Turn pump on, insert sample cell filling tube in sample hottle'

and slowly ftll cell as described in Paragraph 3-I2, steps c) through e)' Do not

fiil so rapidly that bubbles appear'

b) When sample cell has been rinsed and is filled with sample'

start stirrer'

c) Turn off the stirrer and drain the sample from the instrument'

d) Repeat above procedure until two successive fillings (excluding

the first fittinq-itnse) agree' withln_s_u nits of conductivity ratio (+0.00005)'

C) AdJUSt thc CONDUCTIVITY RATIO diAIS UNtiI thE NULL,/TEMPER-

ATURE INDICATOR reads zero'

has
celI,
as

92101
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f) Momentarily close SALINITY-TEMPERATURE swrtch and read tem-perature of sample on meter.

g) Record temperature and conductivity ratio readings on log sheet.These values are used as described in paragraph 3-Ig to deter;ine thl satinity
of the sample.

h) After the last filling of the ceII ls read, turn stopcock to f lposition. The sample w I then drain back rnto the sample botite by gravlty,
allowlng complete emptying of the filling tube.

i) Run 5 bottled sarinity samples in thls manner then run a standard
water sample as an unknown. This provides a check on the initial standardiza_tlon value of the instrument. If the standard water run as an unknown differs
in conductivlty ratio reading by more than +0.00030_ffoln the value of the con_ductivity ratio set at the time of standardization (pariJ{rEp h 3-I2, step b)) thedrift correction is considered excessive. Re standard ization should be per-
formed at this time,

J) continue running additionar samples. Run a standard water sam-ple as an unknown at the compretion of sarlnometer run. Arways run a standard
water sample as an unknown at least every 20 samples. If the total number of
samples exceeds 30, but is less than 45, test at least one standard water
sample as an unknown halfway through the run.

3-14. GENERAL COMMENTS

3-I5. slow filllng is essential to prevent bubble formation, particularly onthe bottom surface of the toroid assembly. If bubbles are present after the
stlrrer has been started, the Iiquid must be drained back into the sample bottle
and refilled. Any bubbles in the sampled liquid wtll decrease the apparent
conductivity and result in erroneous salinity values. (Do not drain sample
back tnto bottle on the first rinse filling. )

3-I6. The three-way valve shourd be left open following each draining to
assure thorough emptying of the ceII and fill tube. Visualry check that arl
liquid is drained before inserting the fill tube in a new sample.

3-17. When large droplets of water cling to inslde surface of cell, ciean_
ing is required (refer to paragraph 4-3).

The Bissett-Bcrman Corp.
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CAUTION

3-18.

Before closlng the case or storing the
equipment, be sure to remove all
moisture. Drain the cell thoroughiy
with distilied or fresh water and empty
then dry the overflow trap. Wipe all
liquid from the machine surfaces, Do
not store standards in the instrument
case because they can break acci-
dentally resulting in glass and water
within the case,

COMPUTING SALINITY

a) Examine specimen satinity log sheets (Fiqure 3-t). During a
run, the operator will log sample bottle number, sample temperature dial
reading, standardization and remarks, and bridge reading.

b) Once the standardizatlon value ts obtained and recorded, it
need not be written each time (since lts value must stay the same throughout
a run). Use thls same column for aII pertlnent remarks, such as bubbles,
insufficlent sample for two or more runs, bottle lld broken, mud in sample, etc.

c) fhe average bridge reading is determined either by taking an
average of all readings (two or three) or, tf "remarks" column indicates a
questionable value, by welghing the values accordingly.

d) Enter the Salinity Converslon Tables at rear of handbook with
average bridge conductivity ratio reading to obtain the uncorrected salinity. In
most cases it wiII be necessary to interpolate for the last figure of salinity.

e) Enter the Temperature Correction Tables at rear of handbook with
temperature and conductivity ratio to obtain the first correction, Enter this
value under Temperature Correction Column.

f) The drift correction ls determined each time a standard is run as
an unknown. This is obtained by taking the difference between the readings of
the standard water (corrected for temperature) run as unknowns. the difference
in sallnity between the two standards is applied proportionately for the number
of samples. If a standard is run every thirtieth sample, then the difference in
readings would be divtded by thirty and applied to each sample, rounding to the
nearest thousandth of salinity as shown on attached sample saiinlty log sheet.
The final drift correction obtained at the end of one set of drift corrections must
be added to the next set of drift corrections because they are all based on the
initial standardization value.

The BisselGBerman Corp. "G" Street Pier, San Diego, Calif. 92101
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aonductlvitv Ratlo for Copenhagen Slandard Sea water
Conductlvili Rallo for Carboy Sub Standard Sea water
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Figure 3-I. Specimen Salinity Log Sheet
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3-19. SAMPLE DRIFT CORRECTiON

3-20. Referrlng to specimen salinity log,sheets
ons are computed as follows: 

/ _, l, f , ,, **-/
/:--

a) Dlfference in salinity between standardization
standardization value and flrst standard sample (P-36) as an

temperature correctlon is applled):

(Ftgure 3-I), drlft correc-

value and first
unknown (after the

The Bissett-Berman Corp. "G" Street Pier, San Diego, Calif. 92101

3-9

35.002
-35.004
- 0.002

b) Number of samples:

5

c) Drift correctlon per sample:

= -0.00040

3-21, Add this drtft to each sampie salinity value ln a cumulative manner,

rounding off to 3 decimal places. For example, the drift correction of the
standardization value is 0. 000; the next value, for bottle number 250 on the

log sheet, is -0. 00040 which rounds to 0.000; next bottle, number 251, is
-0.00080 which rounds to 0' 001; then, bottle number 254 is -0' 00I20, whlch
still rounds to 0.001; and so on untll the end of the drlft interval ls reached.
At this point, the last standard sample mn as an unknown will have a drlft
correction equal to the difference between it and the initial standardization
value. In this example the last correction value, rounded to 3 decimal
places ls -0.002. If a second or third set of corrections ls requtred' the
procedure is the same as the prevlous example. However, the difference be-
tween standards ls now the difference between the two consecutive standard
samples that were run as unknowns. For example:

a) Salinity difference of first and second standard sample (P-36)

run as an unknown as shown on the specimen log sheet (after the temperature
correction is applied) :

34.004
-34,007
- 0.003

b) Number of samples:

30
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3-22.

c) Drift correction:

i+P = -.oooro

This drift correction is added cumulatively as described in the
preceding paragraph. However, the drift correctton of the standard sample
at the end of the last drlft correctlon set must be carried forward as it also
applies to the next set of drift colTections. This same process must be

repeated if there is a third set of corrections to be made. In this second
case, the drift works out to be -.000I0. As the cumulative totals of -.00010,
-.00020, -.00030, -.00040 and so on, are added to the uncorrected salinity,
the base level of -0.002 must be also carried over from the first set of drift
corrections and added to the uncorrected salinity as shown on the log sheet.
At the end of the drift interval, the standard that Is run as an unknown ends

up with a drift correction of -0.003 plus the value of -0' 002 from the base

drift correction carried forward, giving a total drift correction of -0.005. At
the end of the drift corrections, the final drlft correctlon value should be equal
to the difference between the true salinity of the standard water and the indi-
cated sallnity of the final standard that was run as an unknown.

3-23. Corrected Salinity. The corrected salinity is the sum of the uncor-
rected salinity and the two corrections (temperature and drift).

3-24. PREVENTIVE MAINTENANCE

3-25. Daily. After each day's run, fill the ceII with fresh or distilled . /
water allow-ing the water to run into the overflow Jar. Shut stopcock and runV
stirrer for approximately fifteen seconds; then remove and dry the overflow jar.

3-26. Every Second Day. At least every other day, when taking stations,
remove and wipe clean the stopcock and internal portion of ceII where stopcock
fits, Then coat both units lightly with DC-4 lubricant and reassemble'

3-27. At Completion of Stations and Prior to Storage. When all stations \"/
are completed and prior to storage, perform steps described in Paragraphs
3-25 and 3-26'

C Street Pier, San Diego, Calif. 92lol
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CHAPTER 4
MAINTENANCE

GENERAL

Maintenance requirements for the Model 6220 Laboratory Salinometer
are minimal and consist primarlly of keeping the lnstrument clean and free from
sea water encrustation, occasional cleaning of the sample bowl, and replace-
ment of components that may fail during the llfe of the equipment. The salinom-
eter has been carefuliy designed and constructed, and ordinarlly should require
no maintenance attention other than routine cleanlng.

4-t,

4-2,

4-3.

4-4,

SAMPLE CELL CHEMICAL CLEANING

When Iarge droplets of water cling lnslde the cell, cleaning is

To lessen the possibility of damage the cell should be removed and
only when obviously dirty, and when chemical cleaning procedures
Paraqraph 4-3 have failed to clean cell. To remove and clean, pro-

follows:

required. Do not dismantle cell for mechanical cleaning. Use the I0% Tergital
(non-ionic NPX) cleaning solutlorprovided for this purnose. Introduce this
solution into the ceII like a sample and turn on stirrer for about I0 minutes.
Rinse the cell thoroughly with sea water. If droplets persist, repeat the oper-
ation. The occurrence of bubbles in this case is desirable due to the scouring
action provided by them.

CAUTION

The following procedures are to be per-
formed under the direction of a trained
lnstrument technlcian and should not be
attempted at sea except under emergency
conditlons.

4-5.

4-6.
cleaned
Iisted in
ceed as

SAMPLE CELL REMOVAL AND CLEANING

CAUTION

Exercise care to avoid damaglng plati-
num thermometer and thermistor probe
when removing or replacing sample cell.

a) Loosen six cap screws (Figure 4-l) and remove sample cell.

"C" Street Pier, San Die8o, Calif. 92101
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I. Cap
2. Cap Screw (6)

3. CeII

4. Stopper
5. Stopcock
6. Clamp

Figure 4-I. Sa Ie Cell Details
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CAUTlON

Do not use acetone' tric holorethylene,
toiuene, or MEK for cieaning ceII.

b) Wipe conductivity sensor and inner surface of ceII with lint-
free filter paper. If especiaily dirty, lsopropyi alcohol or non-ionic mild
detergent may be used to clean the lexan sample cell.

c) Lubricate matlng surface between cell and cap with Iight coating
of Dow-Corning DC-4 lubrica nt.

d) Reinstall sample cell.

4-7. REPLACEMENT OF SAMPLE CELi,

4-8. Sample CeII Assembly Removal. If the sample cell is accidentally
damaged or otherwise requtres replacement, the cell, cap, stirrer, and stop-
cock are replaced as a unit (Figure 4'21. To remove and replace this assembly,
proceed as follows:

a) Disconnect electrical leads to torold and platinum thermometer
from circuit board at rear of lnstrument.

b) Remove sample cell as described in Paragraph 4-5.

c) Remove thermlstor by removing three screws and carefully llfting
it out of sample cell cap.

d) Remove nameplate from front of lnstrument and remove PUMP-
OFF-STIR switch.

e) Remove sample ceII cap from instrument by removlng four attach-
ing s crews .

f) Remove conductivity sensor from sample ceII cap by removing
retaining nut and passing leads through the hole in the cap.

g) Remove platinum thermometer by removing three screws.

4 -9. Sample Cell Assembly Installation. To instail the sample cell
assembly (Fiqure 4-2), proceed as follows:

a) Carefulty insert platinum thermometer through proper opening
sa mple cell,

The Bissett-Berman Corp. "C" Strcel Pier, San Diego, Calif. 92101
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1. pump/of.t/Sttr switch
2. Thermistor
3. Stirrer Pulley
4. Platlnum Thermometer

Figure 4-2. ToP View

5.
6.
7.

Sttrrer Motor PuIIeY
Sample CelI Cap Screw
Salinity Sensor (Toroid)

of Stirrer Drive and SamPle CeII

(4)
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b) The platinum thermometer must be sealed into the cap' This is
accomplished by starting wlth a smaII piece of packlng material (Airseal,

James R. Kearney Corp., 4236 Clayton Avenue, St' Louis I0, Mo', Cataiog

No. I8415) aboui t/t6-inch diameter bv l-l/z-lnches long' Form the pack-

ing into a ring, and pack around the thermometer using a small nonmetallic
probe. Remove excess Airseal.

c) InstaII conductivity sensor. It must be located so that stirrer ls
exactly ceniered in the hole of the toroid. It should not butt against the ther-
mometer or thermistor, but should be equldi.stant from each (approximately

0,035-inch). Install attachlng hardware and tighten nut until toroid Is secure.

CAUTION

When packing thermometer, care should
be taken so as not to Puncture Probe
insulatlon.

d) Insta11 bowl caP.

InstaII thermistor.

Connect electrical Ieads from thermometer and toroid'

STIRRER BEARING CLEANING OR REPIACEMENT

After the instrument has been in use a considerable period of time,

saline buildup may occur between the stirrer and stirrer bearing in the sample

ceII, causlng the stirrer to be lnoperable. To remove the stlrrer and bearinqt

for cleaning or replacement, proceed as follows:

a) Remove sample ceII as described in Paragraphs 4-5 and 4-7'

b) Remove drive pulley from stirrer and, working carefully, free

stirrer from bearlng and pull from sample cell cap'

c) Push bearing out of samPle ceII'

d) Clean bearing and stirrer in clear water' Bearing may be reused

unless it shows wear or has been damaged.

e) Lubricate bearing and stirrer shaft (at bearlng surface) with
silicone grease and re in stall.

f) Reassemble and install sample cell as described in Paragraph

4-7.

e)

f)

4- 10.

4-11.

Calif.92l0l
4-5
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4-12, PUMP REPI-ACEMENT

4-13. The vacuum and sample bowl filling pump ls easily replaced without
removing the pump motor by the removal of one set screw located on the side of
the mounting bracket (Pigure 4-3). This is accomplished as follows:

a) Remove set screw using an L AIIen wrench.

b) Slide pump out from mounting bracket.

c) Dlsconnect hoses. There are four outlets on the bottom of the
pump (Figure I-2): two are vacuum (metal), and two are pressure (plastic);
however, only one vacuum and one pressure outlet ls used. The other two
outlets are sealed with RTV l0I SILICON RUBBER, General Electric, Waterford,
New York.

d) Installation of the pump is the reverse of removal. when install-
ing, depress pump piston with finger to provide clearance under motor-shaft
cam.

4-14. MODULE REPIACEMENT

4-I5. The electronic plug-in modules on the rear of the instrument (Fig-
ure I-2) are replaced as follows:

a) Remove two screws securing module to circutt board.

b) Pull out module.

4-16. NULL,/TEMPERATURE INDICATORREPLACEMENT

4-17. The meter is replaced as follows:

a) Remove knobs and front panel from instrument.

b) Disconnect two electrical Ieads to meter.

c) Remove wing nuts retaining meter.

d) Lift meter out of mounting bracket through front of instrument'

e) Installatlon is the reverse of removal.

4-18. CALIBRATION AND ADJUSTMENT PROCEDURES

4-19,Paragraphs4-22and4-23provideproceduresfordeterminingthat
the instrument is properly calibrated and adjusted. If the callbration of the

;
I

I

I

ET't
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I. Stirrer Drive Motor
2 . S tirrer Motor Pulle y
3. Collar
4. Cam
5. Bearing
6. Pump
7. Overflow Tube

I
I

10
I1
t2
I3
t4

Overflow lar
Overf Iow far Cap
Hollow Screws (2)

Nuts and Washers (2)

Vacuum Control Valve
Set Screw
'Pump Drlve Motor

B-240

Ftgure 4-3. Overflow BowI and Pump Detalls
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instrument is questionable, or if a plug-in module has been replaced, perform
the calibration and adjustment procedures provided in the followlng paragraphs,

4-20. Sample CeII Temperature Circutt Calibration. To check the accuracy
of the temperature circutt, the Ieads to the thermistor are dlsconnected at the
rear of the instrument dnd a decade reslstance box substltuted. To perform thls
test, proceed as follows:

a) With lnstrument power off, turn front panel meter mechanical
zero-adjust screw until needle ls precisely centered (20'C).

b) Disconnect Ieads to thermlstor on main board at rear of instru-
ment (pins 4 and 6) and substitute decade resistance box (Figure 4-4).

c) Turn instrument power on and place decade box dials to setttngs
shown in Table 4-I; front panel meter should indicate temperature equivalent to
resistances used.

d) If indicated readlngs agree with resistances given in Table 4-I,
disconnect decade box and reinstall leads from thermistor. If indicated read-
ings do not agree, proceed with steps e) through g).

e) Set decade box to 2379.5 ohms and adjust potentiometer R6 until
front panel meter reads 20oC.

f) Set decade box to 5548. I ohms and adjust potentiometer RI0 until
front panel meter reads 0oC.

g) Set decade box to 1I23.5 ohms and check that front panel meter
reads 40oC. If thts readlng ls incorrect, return setting of decade box to 5548.
ohms and sliqhtly readjust RI0 to compensate for the interaction between the
upper and lower end of the temperature scale. When instrument ls properly
adjusted, remove decade box and reinstall thermtstor leads'

Table 4-I. Decade Resistance Bo>< Settings For
Temperature CaI ibration

TEMP. RESISTANCE

00c
5 0c

l00c
I5OC
20" c
250C
300c
350C
400c

5548. I Ohms
4446.7 Ohms
3587.7 Ohms
2913. 0 Ohms
2379.5 Ohms
1954.9 Ohms
16I5.2 Ohms
I345.0 Ohms
I123.5 Ohms

Bissctt-Berman Corp. C Street Pier, San Diego, Calif. 92lol
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19 15

25.0123-3ES0-20
26,0123-3ES0-1S
27. 0123-3E50-0.5
28. 0123-3ES0-1.0
29.0123-3E50-2.0
30, 0I23-3ES0-1.5
3I. Freq Adrust
32. R1

33. R5

34. TP for R7 ,"
35. Ptn 12 (Osc Output)
3 6. PIn l{

B-247

l. Ptn l3
2. Pln l0
3. Pln 6
4. Pln 4

s. Rr0
6. RN60Cl872F
7. RN60CI82tr
8. R6

9, R4 (-6Vo
t0. R5 (+dvo
ll. Detector TP
12. Osc Preq Ad,ust

l3. Zero Adjust
14.0r23-3A10-500
15.0r23-3A10-1000
t5.0123-3AI0-2000
17.0123-3Ar0-rs00
18.0123-3C50-50
19.0123-3C20-100
20.0123-3C20-200
2r.0r23-3C20-150
22. Freq AdJust
23.0123-3E50-5.0
24,0123-3E50-r0

Figure 4-4, Components, Adjustments and Test Points
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4-21. Salinity Circuit Adjustment. To determine that the instrument is
correctly aligned to perfoim sallntty measurements, proceed as follows:

a) With no water in sample ceII, connect oscilloscope (Tektronlx
Model 502A or equivalent) vertlcal amplifier to test polnt on detector amplifler
module, and oscllloscope horizontal amplifier to osclllator pln I2 (Ftgure 4-4).

b) Set CONDUCTIVIIY MTIO and STANDARDIZE dtals on front panel
to zero.

c) Apply power to instrument, but do not turn on s rrer; observe
that Lissajous pattern appears on oscilloscope.

d) Turn stlrrer on and observe oscllloscope for amount of noise
created. Normal noise generated by stirrer is approxl.mately twtce that ob-
served when stlrrer is not running. If noise is appreciably greater wlth stirrer
on, saltnity sensor head must be demagnetlzed as described in step e). (If head
is magnetized, lt tends to be magnetostrlctive, and therefore sensltlve to
mechanlcal vibration. ) If stirrer noise appears normal, proceed to step f).

e) To demagnettze sensor head, remove power from instrument, dis-
connect leads at ptns 13 and 14 at rear of tnstrument, and connect an oscillator
(Hewlett-Packard, Model 200 CD, or equtvalent) to sensor Ieads. Set oscil-
Iator frequency to 500 cps and gradually lncrease amplltude of Slgnal to maxi-
mum. Slowly increase frequency of oscillator to 20,000 cps and then gradually
reduce amplltude to zero, Repeat procedure for other side of head at ]eads
which go to plns l0 and 12. Remove osclllator and reconnect leads at rear of
instrument. Check LissaJous pattern as described in step d),

f) With power applled to instrument and al] front dials set to zero,
observe that front panel meter is precisely nulled. If lt ls not, adJust zero
adjust potenttometer on osclllator module untll needle nulls.

g) Observe preclse cros sover point of Llssajous pattern on oscillo-
scope and then set CONDUCTIVITY RATIO dials to . 10000. If crossover point
shifts at new dial setting, turn the adjustment on detector amplifler module
until crossover point coincides with its position at the zero setting of the front
panel dials.

h) With oscilloscope still connected to sallnometer, fill sample
cell with sea water and observe Llssajous pattern. If pattern does not cross-
over, install a decade capacitance box in parallel with resistor R7 (test points
are either of two center termlnals and single terminal designated by key 36,
Figure 4-4) and determine the capacltance required to attain crossover. Re-
move capacitance decade box and tnstall a capacitor of the proper value,

I
I

l
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4-22. TROUBLESHOOTING

4-23. Table 4-2 provldes a troubleshooting chart for isolatinq and remedy-
ing possible malfunctions that may occur in the instrument. It is recommended,
in the event of suspected failure of a plug-in module, that a spare module be
substituted as a prompt and sure method of trou bles he6ting. Faulty modules
should be returned to the factory for repair.

NOTE

If an instrument malfunction should occur,
before proceeding to the troubleshooting
chart, check to determine if all module
P. C. board contacts and switchboard
connectors are clean. Connectors can
be cleaned using trichlorethylene and a
stiff brush. Printed circuit contacts
should be cleaned with tric hlorethylene
and rubbed gently with a soft eraser.

Table 4-2. Troubleshooting Chart

Trouble Probab.Le Cause Remed y

Pump inoperative Overflow Jar not
screwed in tightly

Tighten overflow jar

Overflow Jar seal
faulty

Replace cork gas ket

Pump defective Replace pump (refer
to Paraqraph 4- I2)

Stirrer does not
function

Drive belt broken Replace drlve belt

Motor defective Replace motor

Stirrer bearing
frozen

Replace stirrer bear-
ing (refer to Paragraph
4-10)

Sample cell wlll not
fill without bubbles

Filling too rapidly Turn vacuum controi to
slow filling rate

The Bissctt-Berman Corp, "C" Srreet Pier, San Diego, Calif. 92101
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Table 4-2. Troubleshooting Chart (continued)

Trouble Probable Cause Re med y

Sample cell will not
flll without bubbles
(cont)

BowI or stopcock dirty Clean sample cell
(refer to Paragra ph
4 -3)

Alr pulling in through
thermistor, platinum
thermometer, or sen-
sor seals in cap of
sample cell

Replace faulty O ring
seal (refer to Para-
graph 4-7)

Air leaking in from
stopcock

Lubricate stopcoc k
with silicon grea se

Meter needle pegs full
scale when making
temperature measure-
ments

Sample cell thermis-
tor s horted

Replace thermistor
(refer to Paragraph
4-7)

Meter needle pegs
Iow end of scale when
making temperature
measurements

Sample ceil thermis-
tor open

Replace thermistor
(refer to Paragraph
4-7)

Meter needle remalns
at 20oC when making
temperature measure-
ments

No voltage from
supply

power Check for 6V at R5
(see Figure 4-4); lf.
absent, replace power
supply

Meter needle erratic
when maklng s a I inity
measurements

Thermistor, thermom-
eter, or salinity sens or
faulty (refer to Para-
graph 4-18)

Replace faulty element
(refer to Paragraph 4- 7)

Stirrer not turning Re pa ir stirrer (refer to
Paragraph 4-10)

Bubbles in samPle cell Draln and refill; clean
or otherwise remove
source of bubbles

Meter needle pegs
low end of scale when
making salinitY
measurements

Summation a mPIif ier
fa ulty

Replace summation
amplifier

l'
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Trouble Probable Cause Remedy

Meter needle pegs
high end of scale when
making s a I tnlty
measurements

Salini.ty sensor (toroid)
open
graph

(refer to Para-
4-21)

Replace sensor (refer
to Paragraph 4- 7)

Meter needle stays
null position when
making sailnity
measurements

at Power supply faulty Check power supply;
replace if faulty
(A1A3)

Detector ampliJier
fauity; check Lis sa-
jou s pattern (refer to
Paragraph 4-2I). If
pattern is qu ite clean
without normai noise,
detector ampl ifier
faulty

Replace detector am-
plifier (AIA6)

Osclllator faulty; con-
nect oscilloscope to
pin I2 and ground.
Signal should be 43V
p-p at approximatelY
3KC

Replace oscillator
(A1A2)

Table 4-2. Troubleshootlng Chart (continued)

The Bissett-Berman Corp. "C" Street Pier, San Diego, Calif. 92101
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5-1.

CHAPTER 5

THEORY OF OPERATION
SALINITY MEASUREMENT CIRCUITRY

5-2. The salinity senslng circuit (Figures 5-1 and 5-2) consists primarily
of the inductively coupled sensor (TI and T2) and the compensation circuit.
The operation of the salinity bridge is as follows: The current I* induced in
the sea water loop by the application of a voltage Ei to the input of Tl from a
3KC oscillator sets up a 3KC magnetomotlve force (mmf) on T2. This mmf is
baianced by an equal and opposite mmf set up by the output current I, from the
temperature compensation network. Exact balance of these two mmf's is indl-
cated by Eo being equal to zero. If exact balance does not exist, Eo will not
be zero and wlll be amplifled in the error amplifier and detected in the phase
sensitLve detector and, consequently, the null,/temperature tndlcator will not
read a null. To null the meter, the conductivity ratio dials are rotated. The
voltage from the ratio transformer will be applied to the summation amplifier
and then to T3. The output of the amplifier will increase or decrease the output
of the temperature compensation network (I") in such a way that the mmf due
to Is exactly neutralizes the mmf due to Iq7.

5-3. TEMPEMTURECOMPENSATIONNETWORK

5-4. The temperature compensation network, which includes platinum
thermometers RTi and RT2 and thermistor RT3, functions as follows: Thermom-
eters RT1, RT2, and thermistor RT3 are submerged in the sea water sample so
the net current Io (Io = I1 - I2) into T4 and subsequently to T2 changes with
temperature. The ratlos of windings Wl and W2 of T3; W3 and W4 of T4; and
the resistors R2, R7, R4, R8, and R9 provide an Io wlth a temperature coeffi-
cient that accurately matches that of sea water from 5o to 40"C.

TEMPEMTURE CIRCUIT

5-6. With the TEMPERATURE SALINITY switch in the temperature position,
the meter is connected to a Wheatstone bridge in which resistance changes in
RT4 due to temperature changes cause current to flow through meter, indicating
the temperature of sample,

The Bissett-Berman Corp. "G" Str€el Pier, San Diego, Calif. 92101
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CHAPTER 6

PARTS LIST

6-2. Thls section provides a list of replaceable components for the Model

.6220 Salinometer. Contained in this Iist are both mechanical and electronlc

parts. Standard hardware has not been inciuded'

6-L GENERAL

6-3. PARTS LIST ARRANGEMENT

6-6. LIST OF MANUFACTURERS

6-4. Sectlons. The parts Iist is arranged in sections by major subassem-

bIles as foi-lo*s', Front Panei Components; Rear Panel Modules; Sample Bowl

Components; Pump, Stirrer Drive, and Overflow BowI Components; Misceilane-

ouSElectronicComponents(RearPanel);andOverflowCircultComponents.

6-5. Format' The parts list is arranged ih a five-column format' The

n/O "ofr.1Eo"ides 
the reference desiqnation where appltcable; the PART NO'

column is the manufacturer's part number; the DESCRIPTION is the name of the

paru the MFR column providei the five-digit code assigned in the Federal Item

Identification Gutde for supply catalosins (H6) (a cross reference between

manufacturer,s code and manulacturer is provided in Paragraph 6-6); the FIG

column provides a reference to the illustrations and key number which shows

the part. For example, 4-3-I refers to Flgure 4-3' key number I' References

in which the finai digit is in parenthesls, for example, 4-3-(8) means that the

item in the parts list is related in an obvious fashion to the key number paren-

thes ized.

6-T,ThefollowinglistcrossreferencestheH-6manufacturer'scodenum-
ber in the MFR column to the manufacturer of the item' Where this column ls

blank, the manufacturer ls The Bissett-Berman Corporation (except for MS

pa.ts). COML in the MFR column means that the item is available as a stand-

ard item from a number of sources'

CODE MANUFACTURER

07 497
12r39
56289
7I400
73 559
7 8488
83259

Amphenol-Borg Electronics Corp', Chicago, III'
PIC Des ign Corp. , Van Nuys, Calif ornia
Sprague Products Co., North Adams, Mass'
Bussman Fuse Div., McGray-Edison Co', St' Louis' Mo'

Carling Electric Co., Hartford, Conn'
Stackpole Carbon Co., St. MarYS, Pa.

Parker Seal Co., Culver City, California

The Bissett-Beiman Corp. "G" Street Pier, San Diego, Calif. 92101
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BISS

MODEL 6220 LABOMTORY SALINOMETER BISSETT-BERMAN PART NO. I33I- I

p/o PART NO. DESCRIPTION QTY MFR FIG

FRONT PANEL CO MPONENTS

MI

)Z

rl

1309-t

1310-I

II83-t
LT 1GK62-IL-
BL-RC

TlGt-6C-11-
BL

TIGM62-IL-BL

Type AGC

KNOB

KNOB

METER, NulYTemperature

SWITCH, Power

SWITCH, Sal tntty/Temperature

swrTcH, Pump/offlstrr
FUSE, 1 ampere

I
I
I

I

t

I

I

73559

73559

73 559

7I400

t-2- t4
l-2-11
1-2-2

t-2- L

t-z-3

1-2-5

I-2- 12

REAR PANEL MODULES

A]A7

ATA6

A1A4

A 1A2

A 143

A1A5

1363-r

13 62- I

136r-r

*1364-1

13 60- I

I 164- I

TEMPEMTURE COMPENSATION
MODULE

DETECTOR AMP1IFIER MODULE

SUMMATION AMPLIFIER
MODULE

OSCILI.ATOR MODULE

POWTR SUPPLY MODULE

RATIO TRANSPORMER
MODULE

*F1rst 50 unlts only
(otherwtse use 1552-1)

t

I

I

I

I

I

L-2-24

l-2-23
l-2-22

l-2-21
t-2- I9

t-2-18

SAMPLE BOWL COMPONENTS

1290-r

2-35

1289- I

MS 16995-26

0159-7

MS16995-20

1293-I

126r - 7

0I53- I

CAP, Sample Cell

O RING, Cap

BODY, Sample Cell

SCREW, Cap

CLAMP, Sample Cell

SCREW, Cap

STOPCOCK, Sample
Celt

STOPPER, Sample CeII

STIRRER, Sample CelI

I

I

I

5

I

2

I

I

1

83 259

4-I-1
4- r-(r)
4- l-3
4- l-z
4-1-6

4-1-(5)

4-1-5

4-t-4

"O" Street Pier, San Die8o, Calif. 92101
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IMODEL 6220 LABORATORY SALINOMETER BISSETT_ BERMAN PART NO. 133I-1

PUMP, STIRRER DRWE, AND OVERFLOW BOWL COMPONENTS

MISCELIANEOUS ELECTRONIC COMPONENTS (REAR PANEL)

R/D PART NO. DESCRIPTION QTY MFR FIG

1298-I

2-12

I I47-9

2000- 1

2-9

18r3-7

THERMISTOR, SamPle Cell

O RING, Thermt stor

SENSOR, Salinity (torotd)

THERMOMETER, Platlnum

O RING, Thermometer

BEARING

I

I

I
I
I

83259

83 2s9

4-2-2

4-2 - (2\

4-2-7

4-2-4

4-2-(4\

1330- I

t29?-7

cl-I
2-43-E540-8

04I5-I
133 6- i
70 mm

1279 -7
t285-7

MS35690-430

MOTOR, Sttrrer

PULLEY, Stirrer Drlve

COLI,AR, Pulley

O RING, Stirrer Drtve

PUMP, Vacuum , ' 
'/ ii',

VALVE, Vacuum Control

JAR, Overflow

CAP, Overflow Jar

SCREW, Hollow

NUT

I
2

2

I
I

I
I
t

2

2

I2139

83 259

4-3-I
4-3-2

4-3-3

4-3-Z

4-3-6

4-3-12

4-3-8

4-3 -9

4-3 - 10

4-3- 11

si0
RIO

R6

R5

ss 72

29 00w

29 00w

RN 60c23 2 U

RN 60C l82lF

RN6OC1822F

0123-3E50-0.5

0I23-3E50-I.0
0123 -3 Es 0- l. 5

0123-3E50-2.0

0r23-3E50-5.0

0123-3E50-I0

swlTcH, tro/220

POTENTIOMETER,

POTENTIOMETER,

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

Vac

2K ohm

200 chm

t

I

I

I

2

t

I

I

I

I

1

1

78488

07 497

07 497

COML

COML

COML

L-2-20

4-4-5

4-4-8
4-4-10

4-4-7

4-4- 6

4-4-27

4-4-28

4-4-30

4-4-29

4-4-23

4-4-24

Thc Bissctl-Bcrman CorP. C Strcet Pier' Sao Dicto' Calif. 92101
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MODEL 6220 IABOMTORY SALINOMETER BISSETT-BERMAN PART NO. 1331-1

p./o PART NO DESCRIPTION QTY MFR FIG

0123-3Eso-15

0123-3E50-20

0123-3Cs0-50

0r23-3C20-100

0123-3C20-150

0123-3C20-200

0t23-3AI0-500

0123-3A10-
1000

0123-3A10-
1500

0123-3A10-
2000

RC2OGFlO2K

RCzOGFIOIK

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESlSTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

RESISTOR

I

I

I

1

i
I

1

I

1

I

1

4

COML

COML

4-4-26

4-4-25

4-4-I8
4-4-19

4-4-21

4-4-20

4-4- I4

4-4-15

4- 4- 17

4-4-t6
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APPENDIX

(]ONDUCTIVITY RATIO TO SALINITY
CONVESSION TABLES

The following tables, Ia through IIb' pro-
vide converslon of conductivity ratio to

salinity. However, the temperature cor-
rections referred to ln paragraph 3-18,

step 5, and in flgure 3-18, the Speclmen

Salinity Log Sheet (Tabular Heading -
TEIVIP. CORR.1, located in the preceding

sections are intended to be in the form of

corrections to SALINITY. Tables Ib and

Itb list the temperature corrections as

corrections to CONDUCTIVITY RATIO'

Therefol'e, the user may elect to use

either nrethod for calculating salinity'

However, rvhere the log sheet shown in

figurc 3-1 is used, it is necessary to

appll' tenrperature corrections as cor-
rections to SALINITY as listed in Tables

A ancl B. Table A must be used only with
Tal:lela and Table B onll rvith Table Ila

'fal)les A and B were prepared from the

clata listed in the 'Iables Ih and IIb b1z

simply multiplying the data in Table IIa
and IIb by the I'slope, of the salinlty-
conductivity relatlonshiP.

For example:

Aszo = a

Where:

S = Sallnity (ppt)

R = Conducti vity Batio

ozo = Correction to Conductivity
Ratio listed in Table IIa

Or:

dSASrs = Ars *TE-

Whe re:

A ts = Correction to ConductivitY
Ratio listed in Table Ib

ds

zo xTfr

The Bissett-Berman Corp. G Street Pier, San Diego, Calif. 92101
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Table A. Additional Corrections to Salinity.
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International oceanographic tables
Prepared under the aupervlalon ol the Jotnt Panel on

Oceanographlc Tebles end Standarde, erd publlghed

Jofntly by Ge Nqtlonel ln6tltute ol OcoarogrePhy'
L.""isitt.lrr, and tha Unlted NatlonE Educatlonal'
Sclentlflc and Cultursl OrBanlzatlon.

culture.

cla y la Cultura.

Thbles ocdanogtraphiques internationales

Thblas oceanogrfficas internacionales

MexnyHapoAHble oxeaHoilorl4qecKlle ra6nlIIIbI
Ilorroroanexu flo,[ He6nDreHxeM O6aB.rt{rleH8on

rpyflnu no oxeanonorrtlecxflM ts6ntrqlM H ctanAapfaM
r ony6nrxoaaxrt coaMecrHo Heunosantxttv rrllc?tlty-
rou oxeatorpa<!trl Benrxo6puteHEs rl opraHs36urlcI
o6lelrxesrtrx Haql{fi no BonpoceM o6pe3oaaHrir Heyrfl
n xyrErypH,

UnGrco
PIBCG dr Fontcnoy,
Parlr ?c, Francc

Netlonsl Instttute ot Oceanography ot Crcat Brlteln
\Yormley, GodElmlng Surray,
EnSlend
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G ENERAI, INTRODUCTION

In 1964 a panel of scicntista was appointed jointly by the several lnternEtlonel

oceanographic organizationa to advise'on the e;tablighment of lnternatlonal tebles end

etandards. The first task of thi8 panel has been to prepare tables for comPutlng sa-

llnlty from determinationa of elecirlcal conductlvity' Before this waE posslble' e

p.oj""--" of regearch waa necesaary to establlsh the relatlon6hlPa betrveen the con-

iu"it"ity and chlorlnity of natural sea-water. Moat of thls work has been done at the

Netional Instltute of Oceanography, England, with helP from many countrlea [n the

collectlon of the samples, wlth the flnanclal partlclPatlon of Unesco'

Before the tablea connecttng conductlvlty and 6allntty could be PrePered'.lt seg

neceasary to egree on a precls tdellnition of saltnlty. The discus'lona on thlg polnt

ere repo;ted at- length ln the flrst and second rePorts of the Joint Penel on Oceano-

graphtc Tables and1tandarda (JPOTS), whlch have been publlahed by Uneeco' .The
t,-nal decl6ion wes that as conducuvlty 16 the most preclge method avallable lor sallnity
determlnatlon, sallnity should be redefined in terms of conductlvlty'

In con6equence, the Tablee I and II of thia serles, and the expreesiond- given ln
the lntroductlons to theBe tableE. constltute the new deflnltton of aallnlty adopted by

JPOTS; the lntroductlons also lndlcate how chlorinlty may be calcuJ.ated from the

conductlvlty, and the probable uncertelnty ln euch calculatlone.

It lB lntended that further tables shall be prepared in this serles' Alreedy under

con6lderatlon are:

(a) effect of pressure on the conductivlty of sea water,
(b) specftc gravlty of aea water from tempereture and sallnity.
(c) chlorostty from sallnlty or chlorlnity,
(d) veloclty of sound. from eallnlty, temPerature and preesure,
(e) sallnlty from refractlve inder.

The panel wlll welcome suggestlons for additlons or lmprovements to the tables.
fheBe may be sent to any member of JPOTS, ortotheolftce ofOceanography, Unesco'

For the Jolnt Panel on Oceenographic Tables and Standard6.

Roland A. Cor, Chalrman

February, 1965
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INTRODUCTION GENERALE

En 1964, un Comlte d'hommes de aclence, Ie Comlto interrratlonal drexPerts Pour 1e8

tables et dtalons oc 6anographlque s (CITEO) a 6t6 d6slBr6 par lea dlverses organlsa-
tlono oc eanographlque I lnternatlonales pour procdder e lrdlaboratlon de tableB et dr6ta-
lons oc 6anographlques lnterrationaux. La premiore tAche de ce Com1t6 a 6t6 de drea-
ser des tables pour le calcul de la 6altnlt6 A partir des r6aultatE de meeurea de Ia
conductlvlte electrlque. Pour y parvenlr, un Programme de recherchee a d0 6tre
ex6cutd afin de ddfinlr les relatlone pouvant exlater entre la conductlvit6 et Ia chLo-
rlntte de I'eau de mer naturelle a une temp6rature donn6e. La maieure Partle de ce
travall a 6te effectu6e a I'Institut oceanographique natlonal de Grande-Bretagne
avec liaide de plusleurs pays pour la collecte des 6chantl[ona, et avec la PartlclPa-
tlon financldre de lrunesco,

Avant de pouvolr dresser des tables de correspondance entre la conductlvltd et
la sallnlt6, 11 a fallu srentendre sur une nouvelle d6finitlon Preclse de Ia sallnlt6.Les
discusslons sur ce point sont largement expoe6es dana Ies premler et deuxleme rap-

-ports du Comit€ tnternatlonal des experts, publi6s par I'UneBco. Etalt donne que Ia
conductlvlt6 constitue la methode Ia plus pr6clse actuellement disponlble Pour d6ter-
mlner lndtrectement la salrnit6, il a 6t6 finalement ddcid6 de d6finlr la salinlt6 par
rapport d Ia conductlvtt6,

En cons6quence, Ies tables I et II de cette sdrle, de m6me que les formulea lndl-
quees dans les lntroductions i ces tables, representent Ia nouvelle d€finltion de Ia 8a-
U.nltd adopt6e par le CffEO. Les lntroductlons indlquent 6galement comment Ia chlo-
rLnlt6 peut 6tre calcul6e A partir de la valeur de la conductlvlt6, et lrlncertitude qul
affecte le resultat de ce calcuL,

n a 6t6, en outre, convenu que d'autres tables seraient ulterieurement PrcPar6eB
dars cette sdrle. D'ores ct dcjA, il est envisage de dresser des tables donnant :

(a) Lreffet de la presslon eur la conductivlt6 de Ireau de mer
(b) La denstt6, A paltlr de la temp6rature et de ]a salinlte
(c) La chloros1t6, e partlr de la chlorlnit6 ou de la salloltC
(d) La vltesse du son, I partir de ).a sallnltd, de la temperature et de la presslon
(e) La salinlte A partir de lrindlce de r6fractlon.

Le Comlt6 accuellleralt avec gratltude toute suggestlon tendart A lrextenslon ou e

lramelloratlon de ce6 tables, De teues suggestlons pourraient atre adreaa€ea A nrlm-
porte quel membre du CITEO, ou A lrofflce droc6anographle de lruneoco.

Roland A. Cox, pr€Bldent du CITEO

I

Fdvrler 1966

4



I
Table IIa

FoRcoNvERTINGcoNDUcTIvITYRATIoAT20.cToSALINTTYoFSEAWATER

Teble IIa le bEsed on the aeme meeaureEenta es tebleE Ia and Ib (sec the lntroductlon
to teble Ia). ThIe teble ls lntended eapeclally lor use wlth non-thermoatete 88llno-
meters, Bnd ls correct for ratlos meagured at 2of . ThlB mean6 that ln temP'tet'
cllmates the temp€rature correctlona (tablc ub) wtll uaually be gnall and for approrl-
mete work lt wlll often be legttlmate to neglect them. when th€ correctlons ere neg-
lected, however, the thlrd dJclmal of saltntty glven ln the teble Ilett1notbe rcllrblG
and normally aallnlty ehould be quoted ody to tro declmal placea.

Table IIa 16 computed from the same polynomlBl es teblc Ia, rtth a telrP€returc
correctlon derlved from table Ib.

R,, = 1o + (R,, -&o) " R,o +Ar. (20')

Table IIb glves correctlong (ar) to conductlvlty ratloe rneaeured et teEPeraturaE
other then 20.. The formula flom whtch thls teble 18 coErputed lg derlved dlrectly
from that used to compute table Ib;

a,o(t):10-hs(Rr-1)(t-20){90.4-?2.0R1 + 35.2 Ri - (0.63 + o' 21 Ri,(t-20))

Any obBervetlon of conductlvlty retlo above 0.85 nay be convertcd to oallntty by
the u6e of elther tables Ia and Ib, or of tables IIa and IIb, and the derlved selhlty
*Ill be the same except occeslonally for one unlt tn the thlrd dcctmal ol aellnlty
(0. oorft ) due to roundlng errors. In thls range. therefore, the operator they aclect
Ehlchever tableE are more convenlent. Ratloa bclow 0'85 ere not covered by teble
Ia, and tebles IIa and IIb must be used.
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Table IIa

PERMETTANI DE DETERMINER LA SALINITE DE L'EAU DE MER
DIAPNES LE RAPPORT DE CONDUCTIVITE A 2O'C

t
t

I

I

i

I

I

I

I

t

La table Ua est fondde Bur les meroea meaures que le8 table8 Ia et Ib (volr lntroduc-
tlon A la table Ia). Cette table eet spdclalement destlnde A gervlr pour lee Eleaurea
telte8 avec dea aallnomutres aana thermostat. ElIe donne lee vafeura do ls saltnlte
correspondant e celles du rapport de conductlvltd meeur6 e 2O"C (R.c ). En cltmat
teBper6, lee correctlona de teEperature (table trb) qul perBettent de paeser des
vBleura de R1 A celles de R.o sont gdn6ralement falbles et, lorsqurll no eragit pas de
Dleaurea de haute pr6clelon, peuvent 0tre n6gug6ea eane lnconv€nlent. Dana ce caa,
la 3e ddclmale de le ealrntte rlaque dratre faueee. La Bellnltd ne dolt aJ.ora 6tre ex-
prlm6e qureVec deur d€clmalee.

I-e tsble IIa eet calcul6e i lralde du m6me polyn6me gue la table Ia, avec une
corroctlon de temp6rEture tlr6e de la table Ib :

R,, = Rro . (R,r - Rro ) = R,o +A,. (2O. )

l,a table IIb dorme le correctlon (40 ) a apporter au rapport de conductivlt6 me-
sur6 a uire teBpdrature dltter€nte de 20"c pour obtenlr Rro . LE formule a partlr de
laguello cette table a ete calcul6e d6coule dlrectement de celle gul a servl au calcul
de la table Ib :

A,o(t) . l0-t R1 (Rt-l) (t-zo) (so, I - ?2,0 R1 + rs,a R! - (0,6e* o,zl Ri) (t-20))

Toute valeur du rspport de conductlvit€ euperleure e 0, gS p€ut etre converHe
en eallDlte I ]ratde solt deg tables Ia et Ib, solt dee tablea na ei fU. Lea valeura de
la I'll"'lt€ obtenues darre lea deux ca', eeront les m6ueg au mllll0me prOs : une dlf-
f6rence d€ 0.001 7oe pourralt sn offet apperaltre occaslonnellement entre les deux r€-
eultats, psr aulte du falt.que les chlffree aont arrondla I 3 d6ctmales, pour toutea
lee valeurg auperleureE i 0,88 donc, lrop6rateur peut cholslr le groupe de tables qul
lui convlent le mleux. Pour leg valeura lnf6rleures e 0,85, qul ie sont pae com-prlsea doae la table Ia, lroperateur uullaera les tables IIa et IIb.
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Tebla IIa

PARA CONVERTIR LA RAZON DE CONDUCTIVIDAD A 20"C
EN SALINIDAD DEL ACUA DE MAR

La Tabla IIa egt6 basada en las mlsmes determinaclones que la8 Tablae Ia y Ib (v6a-
se la lntroduccl6n.a la Tabla Ia). Este tabla eBtA de8tlnada egPeclalmente a laa me-
dlclone8 prectlcadas con salin6metroa aln termoatato a 20n. Eato slgnlftca que, en
loe cllrllas templedos, las correcciones de temperatura (Tabla IIb) eer6n general'
mente pequefies y para cAlculos aproxlmados Podr6 muchea veces preoclndlrae de
ellaa. Stn embargo, en este ceao la tercera ctfra declmal de la saltnldad dada en la
Table IIa no eer6 sdgura, y le eallnlded a6lo deber6 darae con doe cifraa deelmeles.

La Tabla IIa estA calculada con eJruda del mismo pollnomlo que la Teble Ia me-
dlante una correccl6n de temperature deduclda de la Tabla Ib.

R,, = Rro + (Rr, -R. ) = Rro + Ar, (20')

La Tebla IIb da les correcclonee (Aro ) que deben epllcerBe e laa razonea de conduc-
tivlded medtdaa a temperaturea dlferenteB de 20' pare obtener Rzo . La f6rmula con
la que Be ha calci.llado esta tabla se deduce dlrectamente de la utlllzada para calcu-
lar la Tabla Ib:

A,o (t) = lo-tRt(Rt-l) (t-20) {e0,4-?2,0R1+3b,zRi - (0,63+0,21 nil tt-zol}

Las razoneB de conductlvldad euperlorea a 0, 85 pueden convertirse en sallnlde-
de6 mediante les Tablas Ia y Ib o les TabIeE IIa y IIb. Loe valoree obtenidoe en
amboe caaog ser6n lgualee, con la excepcl6n a veceg de una unldad en la tercera cl-
fra declmal de la aallnldad (0, OOI /oo ) a causa de Ios errores que Be produceri el
redondear los nrlmeroe. En este lntervalo, por lo tBnto, el operador puede eleg{r
las tablas que preflera. La Tabla Ia no contlene razonea lnferloree e 0,85, y Be de-
ben utllizar en eate ca6o las Tablas IIa y IIb.
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Ta6n!.ua lla

Ans onPE.lIEnEHHfl COJIEHOCTH MOPCKO BO.UbT ^
NO OTHOCHTEJIbHOI{ SJIEKTPONPOBO'U,HOCTH EE NPU 2OO C

B ocHoBy ta6nuqu tla nonoxexu rs re onPeaeneHlar qro lt Ana ra6nHqu la H Ib
(cr.. EaeAoHn€ r ta6anqo Ia). 9Ta ra6auua nPBAHa3HarreHa npexAe Bcero Ant [cnoJlb3o-
BaHl{f ]Ipx pa6ore c boaerepaxl 6e3 TepyocTaToa. osa aaeT ToqHbre 3HaYeHt|f OTHOCH-

TerbHo creKTponPoBo,llHocrL nP]| 20". ?ro osna{aet, qro B yMePeHHoM no'ce reMnePa-
TypHai nonpaBra (ra6auua Itb) o6uvHo 6yaer xaaa r.4ax npa6nuxeHHux Pact{eToB eD

sa*a"ryr rroxxo 6yJrcr npexe6pevu' O,luaxo, ecnn nonPaBKof, npeae6peranr, ao rpe-
THn Aocirx.tHErn 3HaK co4eHocT[, npHBeAeHHbrtr B ta6nfiue IIa, ue 6y.ler HaAexeB H co-
,reHocTD cnelyer aaDatb aoraa, xaK nPaBrrlo' c aByMi .qectrHqHLIMH 3HaKaMl{.

Ta6nrqa IIa paccvnrana tro ToMy xo noJI{HoMy, qrO X ra6lnqa Ia, npxserr aae-
aelra reLneparyPuat nonPaBKa no ra6nxue Ib.

Rr, = R. + (Rrt - Rro ) = Rro + a t5 (20")

Ta6nHua lt aaer floflPaaKy(A^)K 3HaqeHHD orHocHteJlbHoft 3neKTPonPoBoaHocrH,
E3vep€HHor{y npH Te}a[eparype, oianrofi or 2oo' oopxyna, rIo KoropoA paccexTalla
ara ra6axua, norrysena HoflPocpsacrBsxxo xs ([opxynE,qrfl Ta6nHubr Ib.

A,o(t) = lo'! Rt(Rt-l) (t-20) { so.4 - 't2.oRt +35.2 Ri - (0. 63 + o.2l Ri) (t-20) )

Ilo an6ovy xa6anAegxouy 3Haqext{D orHocHTe'IbHoff 3nexTPonpoBo'(Hocrx ' npe-

Bur[aDqeMy Or85r MoxHo onpersnHTb coneHocrb c noMoEblo, 
'tl{6o 

ra6't[q Ia H Ib'
nx6o ta6aru Ita x tlb. [Iony'{eHHEe 3Har{eHHfl 6ylyt coana.u,atb c roqHocrbD ao eaHHHubI

Tperbgro .qecirHqHoro 3HaKa corleHocrH O,OOI ur3a orur6ox orpyrneHHi' IlooroMy' B

aaHHoM HHtepBane LoxHo au6parr re ra6rrlqDl, Kotopbre npeacraB'ItDTcn 6oaee y'uo6-

HuMH. 3HaqeHHf, oaHocHTgJrbHo[ gnsKTponpoDoAHocrH MeHblrl'le 0'85 Ta6nHqe[ Ia He

o)GarltBaDTcfl H B 3Tolt cnyqae cneryer troJrb3oBarbct ta6auuaun IIa }l IIb'
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