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RAPID METHOD FOR THE ESTIMATION OF EDT A 
(ETHYLENEDIAMINETETRAACETIC ACID) IN 

FISH FLESH AND CRAB MEAT 
by 

Herman S. Groninger and Kenneth R. Brandt 

ABSTRACT 

EDTA, a quality stabilizing additive, is usually applied to seafoods by spraying or 
dipping, and the amount of EDTA retained by the treated product must be determined by 
an analytical method. A titration method based on the chelation of EDTA with thorium 
ion was modified for use in the determination of EDTA in fish flesh and crab meat. The 
modified method is both simple and rapid and gave about 90-percent recovery of added 
EDTA from samples of fish flesh and crab meat. 

INTRODUCTION 

EDTA has been reported to be useful or 
potentially useful as an additive to seafoods to 
stabilize color and retard the formation of 
struvite (National Academy of Sciences, 
1965) , inhibit enzyme-catalyzed changes in 
flavor (Groninger and Spinelli, 1968), and in­
hibit the growth of bacteria (Levin, 1967). 

Often, EDTA is applied to seafoods by 
spraying or dipping the product. The amount 
of EDTA actually added must then be de­
termined by a suitable quantitative method. 

A number of methods have been developed 
for the determination of EDTA in various ma­
terials (Belot, 1964; Brady and Gwilt, 1962; 
Cherney, Crafts, Hagermoser, Boule, Harbin, 
and Zak, 1954; Darbey, 1952; Haas and Lewis, 
1967; Kratochvil and White, 1967; Lavender, 

Pullman, and Goldman, 1964; Malat, 1962 ; 
Vogel and Deshusses, 1962). In all of these 
methods, the principle of measurement is based 
on the chelating capacity of EDTA. In gen­
eral, each method was developed for use on a 
specific type of product. 

Efforts were made to adapt several of these 
methods (Brady and Gwilt, 1962; Haas and 
Lewis, 1967; Vogel and Deshusses, 1962) 
for the analysis of EDT A in fish muscle and 
cooked crab meat. N one were satisfactory. 
During the testing of the EDT A methods, 
we found, however, that the method of P ribil 
and Vesely (1967), which was developed for 
the determination of EDTA during the com­
mercial synthesis of EDTA, could be modified 
satisfactorily for use in the determination of 
EDT A in fish flesh and crab meat. 

Authors, Herman S. Groninger, Rluarch ChlmiJt , and Ke nn eth R. Bra nd t, Physical Scil n(l Aid , Burea u of Commercia l Fi sheries Techno log ica l 
laborato ry, 2725 Montlake Bou levard East, Seattle, Washingto n 98 102. 

Preprint No. 67, issued November 1968. 
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I. DETAILS OF THE METHOD 

1. Pr I <1.r xtl'H t8 of fish n.h r lub 
111 at by disinl 'grating 2 grams 
1 rial with 10 millili rs of ,)-[ 
trichloroacetic acid f)1' 1 minul in a 
bl nder. 

2. Filter the mixture thl' u h Whatman 
2v filter pap 1'. ' 

3. 011 t 2 millilit I'S of filtrat and a lj us 
the pII to 11.0 \\ ith 1O-p re nt ."odium 
hydroxid . 

1. To the filtl'at , add;) millilit r. of 2-p 1'­

cent calcium HC tat' and I' adju.' th pl! 
to 11.0. 

5 . Remo\'e the PI' cipilat d t I ium ph s ­
phate by centrifugation and f II \\' by 
nitration through \Yhatman • n. 1 tilt 'I' 
paper. 

6. \Y ash the PI' cipitat with a dilut lu-
tion of alkaline calcium HC '1 and com­
bine the washing. with th phophal­
free filtrate. 

7. Adjust thi filtrnt Lo pH 3.:- with .:J X 
hydrochloric acid. 

8. 

percent Clqueou 
ange to an aliquot. 

l'-

E 5 

o z 
3 

2 

n 
un' PI' par 

nlaining 

2 

J f h ri 
in . 

EDT (J.l oles) 

Figur l.--Sland.a.rd cur.' fo r rn anal · of T 
ampl kno ... n amOLLDU of OT 

w r ricrac ,,; rn 1 1 Th , ) ._ 

II. RECOVERIES OF ADDED EDTA 

Table 1 shows the efficiency of r cov ry 
of E DTA added to fish fie h and crab meat. 
At all the concentrations of added EDTA 
tested, the recovery appeared to be adequate 
for the purposes of th is determination. 

1 Use of trade names is merely to facilitate descriptionj no en­
dorsement is implied. 
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Table l.-R 0 ery of 
crab mat 

EDTA added 

YIc. 

37 .5 
7S 

ISO 
300 
600 

added to fi h f:I band 

EDTA rcco\C~ from: 

fish 80sh Cub moat 

PI""" Putal' 

95 
96 95 
93 90 
90 91 
92 92 



III. PRECISION OF THE METHOD 

Table 2 gives a statistical evaluation of 
the recovery from samples containing 300 
gammas of EDTA per gram of fish flesh and 
crab meat. These recovery results show that 
the method is suitable for determining the 
amount of EDTA additive in a fishery product. 
Also these results compare favorably with 

those obtained with simila r method . 

Table 2.-Precision of recovery of EDTA from fi sh Besh 

EDT A EDT A recove red S .. ndard T rials added Range Mean deviation 

Y./g. Y Ig. YIg. 

I 
Pactn t Y Ig. 

13 300 246 -- 276 266 89 II 

IV. PRECAUTIONS TO BE OBSERVED 

Phosphates interfere with this method. 
The presence of phosphates gives high results 
in terms of EDTA, because these compounds 
combine with the thorium ion. This inter ­
ference is completely eliminated by r emoval 
of the phosphates with calcium. 

Citrate also interferes with the method. 
Usually, however, not enough citrate is present 
in fish and crab meat to cause a problem. 
In samples of crab meat in which citrate has 
been added, this interference can be eliminated 
by the removal of the citrate from EDT A by 
chromatography on cation resin. This sep­
aration is accomplished as follows: 

1. Adjust the filtrate from the phosphate-re­
moval step to pH 8.8 with 0.5 milliliter 
of 0.2 M tris buffer. 

2. P ass the filtrate over a 5- to 6-centimeter 
AG 50 W-X8 (+H) column (200-400 
mesh) . 

3. Wash the column with from 10 to 20 mil­
liliters of water containing 0.5 mill iliter 
of 0.2 M tris buffe r , pH 9.0. 

4. E lute the E DTA with from 10 to 20 mil­
liliters of N hydrochloric acid in 0.5 M 
potassi~m chloride. 

5. Adjust the elua te to pH 3.5 with 0.5 N 
hydrochloric acid. 

6. Add 5 milli liter s 0.5 M acetate buffer 
(pH 3.5 ). 

7. Titrate the eluate j ust as you would a reg­
ular sample. 

The overa ll r ecover y obtained when citrate 
is pr esent is about 80 percent. This loss of 
20 percent can be a ttributed to a portion of 
the E DTA passing through the Dowex 50 col­
umn along with the citrate. 

Apparently, metal ions such as Cu2+, Mg2+, 

and Ca2+ do not inter fere. 

SUMMARY 

The Pribil and Vesely (1967) titration 
method based on the chelation of EDTA with 
thorium ion was modified for use in the de­
termination of EDTA in fish flesh and crab 
meat. The modified method, which is simple 
and rapid, gave about 90-percent recovery of 

added E DTA f rom samples of fish fl esh and 
crab meat. 

Pho phate and citrate interf ere. Tech­
niques are given f or their r emoval from 
samples containing E DTA. 
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DESIGN, CONSTRUCTION, AND FIELD TESTING 
OF THE BCF ELECTRIC SHRIMP-TRAWL SYSTEM 

by 

Wilber R. Seidel 

ABSTRACT 

The system was designed and constructed so that the feasibility of using electricity 
to help capture brown and pink shrimps during daylight could be determined. Compo­
nents of the system were designed to produce, on a full-size commercial trawl, the stim­
ulation needed to cause shrimp to emerge from the substratum where they burrow during 
the daytime. 

In fishing trials off the coasts of Mississippi and Texas, the prototype electric trawl 
caught during daylight 95 and 109 percent of the quantity of shrimp caught at night by 
a conventional, nonelectric trawl. In the Dry Tortugas area off Southern Florida, where 
the substratum is calcareous sand-shell rather than mud as in the substratum of the N orth­
ern Gulf of Mexico, the catch taken with the electric trawl during daylight was only 50 
percent of that taken with the nonelectric trawl after dark. 
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INTRODUCTION 

In 1961, we - that is, the staff at Gear 
Research Unit of the Exploratory Fishing 
and Gear Research Base, Pascagoula, Missis­
sippi - evaluated electric systems that could 
be used on shrimp trawls to increase the har­
vest of brown and pink shrimps. Because 
these shrimp burrow in the ocean floor during 
daylight (Fuss, 1964), commercial fishing has 
been restricted to night trawling - that is, 
to the period when they a re not in their bur­
rows. The ai m of these preliminary evalu­
ations was to develop a system that would force 
the shrimp out of their burrows du r ing day­
light. If successful, it would allow around­
the-clock fi shing and more efficient use of 
harvesting gear. 

Initial t rials with electric shrimp-trawl 
systems, though encouraging, were not satis­
factory because of the rates of catch during 
daytime were much smaller than were those 
at night. However, they did show that, be-

fore a successful electric trawl could be de­
veloped, the exact electrical requirements that 
would cause optimum shrimp response had to 
be determined. In 1965, Klima (1968) studied 
the response of shrimp to an electric field. 
His data provided the background information 
for the needed design of an adequate electric 
shrimp-trawl system. 

The goal of the work reported here was 
to design a full-scale prototype shrimp trawl 
that would permit a test of the commercial 
feasibility of electric trawling during daylight 
(Pease and Seidel, 1967). The aim was not 
to build a fully engineered production-model 
trawl, but simply to develop one that would 
show whether daylight electric trawling is 
practical. Accordingly, the work was divided 
into two ma in parts. The first was concerned 
with designing and developing a full -scale 
electric shrimp trawl'; the second with testing 
it under actual fishing conditions. 

I. DEVELOPING THE ELECTRIC SYSTEM 

By using a capacitor -di scharge direct cur­
rent, Klima (1968) found that burrowed 
shrimp could be forced to leave their burrows. 
He also lea rned tha t the time they took to 
r eact to the electr ic stimulus and the distance 
they moved upward f rom the bottom depended 
on both the strength and the repetition rate 
of the pulsed current. The electric conditions 
that he found to cause the optimum response 
were: 

1. A minimum field strength of 3 volts 
measured across 4 inches in sea water. 

2. A pulse repeated at the rate of 4 or 5 
times per second (both rates produced 
similar results). 

The pulse generators that had been used 
dur ing the shrimp-behavior studies could pro­
duce the necessary electric characteristics on 
only a small electrode array. Therefore, we 
had to design a large-scale pulse generator and 
to adapt a commercial shrimp trawl to carry 
the gEmerator and electrodes that would pro-
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duce the electric field needed to force shrimp 
from their burrows. 

A. DEVELOPMENT OF A LARGE -SCALE 
PULSE GENERATOR 

In developing a pulse generator for the 
system, we first had to select an operable 
circuit; then we had to test it. Described 
in this section are (1) the circuit chosen for 
the large-scale pulse generator and (2 ) the 
laboratory tests made before installing the 
generator on a prototype shrimp trawl. 

1. The Circuit 
Before designing the circuit for the pulse 

generator, we made a study of capacitor-dis­
charge pulse generators and, on the basis of 
the information found, constructed several 
circuits for testing. Although most capacitor­
discharge pulse generators are basically alike, 

1 Publ ic Service Patent applied fo r. 



the design of a generator for the electric trawl 
was complicated by the high conductivity of 
the salt water. The total resi tance of the 
system's lectrode array in sea water, though 
varying slightly with change in the salinity 
and temperature of the water , is normally 
about 0.1 ohm. Becau e of thi low re i tance, 
circuit capacitor in a pul e generator tend to 
overheat internally, and a field trength of 3 
volt acro s 4 inches is difficult to maintai n 
over a large array of electrodes. 

The circuit that we finally chose for the 
generator is shown as part of the schematic 
in Figure 1. A comparison of the circuit and 
the parts list reveals that several of the com­
ponents are slightly larger than necessary. 
However, reducing the size of the components 
and their cost was not considered practical 
at this time, since the prototype sy tern was 
merely a test model. 

Some of the desired components were not 
readily available from regular suppliers, so we 
u ed substitutes. For example, in the "turn­
off" part of the circuit, we had to use a ca­
pacitor of less than optimum size in the L-C 

120V 
INPUT 

NE 

I POWER CONLT-RO-l~PA-N-.JH _. 
SO - 12 

PARTS LIST 

CRI , CR 2 ,CR3 , CR4 - I N4136 
CRS -I N32S4 
CR6 - IN I770 
° 1- 2N264 7 
SCR I -C46B 
l l , l 2 , l 3 ,l. -lO MHY - .00 MA 
CI- 42 S"...1 - 3S0 W.VD.c 
C2-3.9 pI -50 wvn.c -TANTALUM 
C3, C4 ,Cs -11 00 pI - 350 WVD.c 
C6 - 100 pI - HO WVDC -NONPOLARIZED 
VI -VOLTM ETER - 0-3001lAC 
V2 -VOLTMETER - 0-300\lDC 

combinati n L-in duct r -capacil l' ; 

u d four inductor in paral! 
r quired I w r i lanc at th 
anc. In a producti n m d I 
erator , the e ub titu ion 
becau c mpon nt f th 1'1' cl IZ 

be obtained in quantity f1' m a manufac ul' 1'. 

A p-n-p-n mi nduc l' - • iii on 
controll d rectifier) - wa ch a . wi h 
to control th pow l'-di hal'g J u I f lh 
pul e g neratol'. Thi mic ndu t I' wilch 
ha two advantag ov r m chanical l' I 
tromechanical wilche : (1) it i impl l 
u e an 1 does not r quir much additional ir­
cui try or m chanical d vic ,and (~) it de s 
not arc when turn d on, a I cll' m chemical 
witche do. 

Vi hen u ed a a pow l' \\' itch in a pul 
circui t, the R i activat d and lh n in­
activated for ach cycle of operation. It i: 
activated through a tandard unijuncti n tran­
sistor trigger circuit (Figure ~ . ) and i in­
activated or commutated a th turnoff pro ,: 
is called, by forcin g mol' revel' e than forward 

CHARG ING RES ISTOR 

_ _ _ --'-P~U~lS~E _'GENERATOR 

RI - 2S00HM-200 W 
R2 - SOK OHM- 10 W 
R3 - 43K OHM- 2 W 
R4 - 1.8K OHM- 2 W 
RS -27 OHM- 2 W 
R6-22K OHM- 2 W 
NE-NEON lIGHT-NE -SI 
FI - FUSE -3AG -20A 
TI-VARIABLE TRANSFORMER - SUPER IOR TYPE 246 

INPUT 120-240V, OUTPUT 0- 280V . I SA 
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Figure l.-Schematic of shrimp trawl' electric s st.em. 
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Figure 2.- nijunct:ion IT 

B - Inductor p ito r 

CUlrent through th R. In ur applicali n, 
an additional ourc f n rgy w£1 
t 
through th 
we cho ' 
tation. 
with a low re ' i ' lanc in th 
electrod alTay in a wat r); mor \' r, it 
operate on Ie than 10 p rc nt f th p \\' r 
from the main capacitor . H nc ,u f thi 
o cillator for witching did n t reduc th 
output pulse significanLly. 

The osci ll ator circuit (Figur 2 ) p r­
ates as follo\\': A pul e of CUlT nt ft w 
through the re onant L- circuit and cha r 
the capacitor, C, in the rev r l ola rity. Th 
current in the resonant circuit then r \' r 
and attempt to ftow through th R in op­
position to the load current. When th re­
verse current in the re onant circuit i gr tel' 
than the load current, the CR turn off (Gen­
eral Electr ic SCR Manual, third edition, page 
76, paragraph 5.5.2). ' 

The oscillator must be so designed that the 

1 
resonant frequency (fR = 27T VLC ) is not 

:i Use of trade names is merel y to facilitate descriptio ns; no en­
dorsement is imp lied . 
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2, The laboratory Tests 

in-
\' l"-

r \\' 

wa vol 
inch m 

n any b 0 adj c 
te an I ctr de arra wa c n truct d that 
pr o id d a field of the ame width and length 
that w uld u ed on a -f ot trawl. Fi e 
electrode , ch with a conductinO' urface 2 
feet long were spac d acr a r ectangular 
frame of 1.5-inch pol inyl chloride pipe (Fig­
ure 3). Five reading were taken between 
each pair of electrode, beginning at one end 
of the pair and repeated at each 6.25-foot in-



terval along the 25-foot electrode. First the 
electrode array was placed in shallow water 
to permit the field voltages to be measured 
easily. -Later, it was tested in deeper water, 
where SCUBA divers measured the voltage. 

To ensure that the measurements of volt­
age would be consistent with those taken during 
the studies on shrimp behavior, we used the 
same type of pickup probes. These probes 
were two bronze rods 0.118 inch in diameter, 
spaced 4 inches apart, and insulated so that 
only the bottom 0.39 inch of each rod was 
exposed. The probes were connected to an 
oscilloscope, which displayed the pulse volt­
ages. A laboratory pulse generator with meas­
uring instruments is shown in Figure 4 at 
the location where the field test was made. 

From these tests, we concluded that the 
pulse generator was capable of producing 3 

volts across 4 inches measured at the center­
line between any two adj acent electrodes, as 
required f rom Klima's observation (Klima, 
1968) of shrimp in an electr ic field. 

B. ADAPTATION OF THE SYSTEM TO 
A COMMERCIAL FISH TRAWL 

We now had a lar ge-scale pulse gener ator 
with the characteristics needed for stimulating 
shrimp to rise sufficiently high (3 inches ) from 
their burrows to be captured in a moving t rawl. 
We next faced the problem of constructing an 
elect ric system that could be attached to the 
trawl in such a way it would create the de­
sired electric field without inter fering with the 
trawl's operations. Moreover, we had to keep 
the design as simple and economical as pos­
sible if the system were to be useful to the 
fi shing industry. 

Figure 3.-Laboratory electrode array being set up at the test site in St. Andrews Bay, Florida. 
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Figure 4.-Laboratory pulse generator and test equipment. 

Described in this section are the compo­
nents of the system that we designed and the 
simulated field tests that we made. 

1. Components of the System 
Keeping the direct-current line loss be­

tween the pulse genel'ator and the electrode 
array to a min imum required t hat the pulser 
be mounted on one of the trawl doors near 
the array. With this configuration, four basic 
components were needed to make the system 
operationa l - namely, (a) a power-control 
panel, (b) a power-supply cable, (c) an under­
water housing for the pulse generator , and (d) 
an electrode array. 

a. Power-control panel. - The power-con­
trol panel (Figure 5) was the means for reg­
ulating the alternating current fed to the 
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underwater unit on the electric shrimp-trawl 
system and for monitoring the units' perform­
ance. During field tests, the control panel was 
attached to an electronics panel rack aboard 
the GeoTge M. Bowe1's. 

The variable transformer on the panel 
controlled the alternating current fed to the 
pulse generator. In a commercial model, the 
large transformer vve used could be replaced 
by a cheaper one of lower voltage - or it 
could even be eliminated. 

In addition to regulating the alternating 
current, the power-control panel incorporated 
features for monitoring the system. Two of 
the four conductors in the power-supply cable 
connect the output capacitor bank in the pulse 
generator with the direct-current voltmeter 
(in the upper right quadrant of the panel). 



By keeping a constant check on the voltmeter, 
the operator could continuously monitor the 
output voltage of the pulse generator when 
the system was in operation. A small neon 
light in the direct-current circuit assisted the 
operator in checking the pulse rate visually. 
The wiring diagram for the power-control 
panel is shown in · the schematic of the electric 
shrimp trawl (Figure 1). 

generator was supplied by an S. O. cord, 600-
volt, cable coated with neoprene. This cable 
contained four AWG (American Wire Gage) 
Number 12 conductors, only two of which sup­
plied ,power - the other two led from the pulse 
generator to the direct-current voltmeter, as 
previously noted. Number 12 conductors are, 
of course, larger than necessary for voltage 
readings, but large wire was needed for the 
20-ampere power requirement, and cable con­
taining conductors of uniform size was easiest 
to obtain from commercial suppliers. 

b. Power-supply cable. - Electric power 
from the control panel to the underwater pulse 

Electrode 
material 

Handmade 

Purchased 

The additional cable had to be handled by 
hand when the electric shrimp-trawl system 
was in use. This requirement complicated 
the operation of the system. However, the 
electric trawl cables were not fully developed 
when testing was started, so we felt that this 
method, cumbersome though it might be, would 
provide a more trouble-free operation for the 
system during the field tests. 

Figure 5.-Power-control panel. 

Voltage readings taken in the electrode 
array during testing at two input levels of al­
ternating current to the pulse generator are 
shown in Table 1. Group 1 measurements 
were provided by an early model pulse gen­
erator and were made on electrodes that had 
been constructed for test purposes. Since they 
were made by hand, slipping 25 fee t of metal 
braid over a center cord of rope, thick and 

Table I.-Potential-measurement data on the electrode array of the electric shrimp trawl 

Data Electrode-array 
group position 

1-2 

Yolts 

Group I A 1.8 
(Early B 2.0 
model) C 1.8 

D 2.0 
E 2.8 

Group II A 4.5 
(Model B 4.5 
used in C 4.5 
fi shing D 4.5 
trials) E 4.5 

Potential measurements in the elect rode array when the altern at ing-curren t input was : 

liS volt. and the electrode pai r was : 

2-3 3-4 4-5 

Yolts Yolts Yolts 

2.5 1.8 3.0 
3.0 1.8 4.0 
2.0 1.5 2.5 
2.0 3.0 2.0 
1.9 5.0 2.0 

4.5 4.5 4.5 
4.5 4.5 4.5 
4.5 4.5 4.5 
4.5 4.5 4.5 
4.5 4 .5 4.5 

1 ElECTROOE ARRAY CON"~ 

~b;/ 
~.~ -3'-t ~ --r ~ Y 
~~~~ 
4~~ I ~1 

• I C I , 
51 I I I I 

"'- ~ T ~ / 
~ 

60 vol t s and the electrode pa ir was: 

1-2 2-3 3-4 

Yolts Yolts Yolts 

0.8 1.3 0.6 
0.8 1.5 0.6 
0.6 1.0 0 .7 
1.2 0.8 1.5 
1.3 0.8 1.8 

1.5 1.5 1.5 
1.5 1.5 1.5 
1.5 1.5 1.5 
1.5 1.5 1.5 
1.5 1.5 1.5 

4-5 

Yo lts 

1.5 
2.0 
1.3 
1.0 
1.0 

1.5 
1.5 
1.5 
1.5 
1.5 
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When voltage on the commercial cable was 
measured at an alternating-current potential 
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To keep the housing watertight, \ e u d 
underwat r bulkh ad c nn ctor in the p r­
manently eal d nd; n the nd having a re­
movable c ver we u ed an O-ring seal. Al­
though, during our tests, the output from the 
pul e gen rator was tran mitted t the elec­
trode array by means of two threaded bra s 
rods, underwater bulkhead connector may b 
used instead. 

The underwater housing was attached to 
the inboard door of either the starboard or 
the port trawl (Fi ure 7) by two -bolt (De­
tail B of Figure 6) in erted throuO"h the back 
side of the trawl door. To minimize water 
drag, we placed the centerline of the hou ing 
12 inches above the hoe of the door and 
centered it on the door's vertical centerline. 

unit would ha\' v 1')' 

of the tra\\'l d or -
fairl y larg . 

d. Electrode array. - Th 
trode array wa imr rtant in th p rati n 
of the el ctric hrimp-tra\\'l . y t m. Tw 
factor that influenc d th width \\' I' th 
peed of the trawl and the tim a 'hriml tak . 

to leave it I UlTO\\' wh n timulat cl I c ri-

Figure 7.- nderwar r housing attac.hed to a trawl d or. AUo sho,,'Il in th p;crur is coil of th p 
cabl and a metal pr tector bracket to pre ent damage to the und noat r onn r n on th h 
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We assumed that the best way to determine 
the degree of interference was to observe the 
trawl in operation. So we took it to P anama 
City, Florida, where the waters of the Gulf 
are clear. Two men on a diving sled made 
the tests. One diver controlled and maneu­
vered the sled around the trawl while the 
second diver observed and photographed it . 

Figure 9 shows the position of the elec­
trode array relative to the footrope and head­
rope of the net. Photographs of the trawl 
door with the pulse generator unit attached 
were valueless because silt stirred up by the 
door obscured the pictures. Owing to this 
problem, SCUBA divers checked the operation 
of the door visually. They found that the 
attitude of the trawl doors differed little from 

normal; we therefore conclud d that the pul e­
generator unit and the door were balanc d 
properly. 

b. Problems encountered in simulated fish­
ing trials.-After we had evaluated the me­
chanical performance of the el ctric hrimp 
trawl visually, we in tailed the components of 
the system aboard the GeoTg M. Bow rand 
began simulated fishing trials. During the e 
trials, we made 45 I-hour drag to ch ck the 
reliability of the sy tern . The aim wa to un­
cover any electrical or mechanical faults in the 
system that might encumber ubsequent fi h­
ing trials . 

Dur ing these simulated trials, three faults 
were discovered - namely, overheating of 

Figure 9.-Underwater view of the electrode array on a trawL This shot was enlarged from a 16-mm. film fraIne 
taken by SCUBA divers from a diving sled while the trawl was being towed. 
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Figure lO.-A - Housing for the charging resistor of the pulse generator. 
B - Metal bracket to protect the underwater connectors on the front of the pw.e generator bousing. 
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circut of the pulse generator - after several 
hours of use, the capacitor in the oscillator 
circuit would break down. This failure , which 
was caused by internal overheating of the 
capacitor, resulted from the use of a resonant 
frequency slightly higher than required. Be­
cause of the time needed to obtain special­
order components, a capacitor whose value was 
slightly smaller than the exact value had been 
substituted. The result was a time period 
shorter than optimal. 

We also substituted inductors of sizes that 
would be readily available from commercial 
sources. We had ' to use four inductors in 
parallel to obtain a resistance low enough for 
the oscillator circuit to operate properly. Each 
inductor was 10 millihenries and had an in­
ternal resistance of 0.325 ohm. When four 
of them were used in parallel, the resistance 
became about 0.08 ohm at an inductance of 
2.5 millihenries. 

The optimal value of the capacitance is 
determined as follows: The time constant (T) 
of the main capacitor discharge is found by 
substituting the resistance of the electrode 
array in sea water (R = 0.1 ohm) and the 
value for the discharge capacitors (C = 3,300 
microfarads ) into the equation T = RC. 
Solving the equation gives a time constant T 
= 330 microseconds. As previously discussed, 
the time period (t) for the oscillator circuit 
must be at least 10 times that of the main 
pulse constant; then it will be 3,300 micro­
seconds (t = 10 x 330). Since frequency 

1 
can be expressed by f = T and the resonant 

frequency of an oscillator circuit with negli-
1 

gible resistance by the equation fR = , 
27rVLC 

the correct capacitance of the circuit can be 
obtained by using a suitable value for the in­
ductance L and solving for the capacitance 
C. 

Solving the resonant equation for C with 
t = 3,300 microseconds and L = 2.5 milli­
henries shows that a capacitance of 112 micro­
farads is necessary to provide the desired time 
period for the circuit. Nonpolarized capacitors 
that could be obtained readily were rated at 
either 100 or 200 microfarads. To avoid a long 
delay in getting a capacitor on special order, 
we used the 100-microfarad capacitor. This 
substitution resulted in some internal over­
heating, which eventually shortened the life 
of the capacitor. A non polarized capacitor 
with a value of 125 microfarads would prob­
ably eliminate the problem. 

(2) Breaking off of the underwater 
connector. - A third problem discovered dur­
ing the operation of the system was that the 
underwater connectors on the housing of the 
pulse generator were easily damag d. When 
the trawl was being set, the power-supply 
cable formed a loop that wrapped around the 
connectors and either bent them or broke them 
off. We solved the problem by adding a metal 
protector bracket in front of the housing 
(Figure lOB). 

II. TESTING THE TRAWL IN ACTUAL FISHING TRIALS 

The second main phase of the project was 
to determine the practicality of the electric 
shrimp-trawl system. In this phase, the system 
was tested under actual fishing conditions. 

A. PROCEDURE 
Two trawls (one electric and one nonelec­

tric) were dragged simultanMusly, day and 
night. The average catch of the nonelectric 
trawl at n,ight was established as a measure 
of the quantity of shrimp available to be 
caught. When the average daytime catch of 

the electric trawl was compared with the night­
time catch of the nonelectr ic trawl, the effi­
ciency of the electric trawl could be estimated. 
This proportion then indicated how much 
shrimp that could be caught at night with a 
standard trawl was being caught in the elec­
tric trawl during the day. 

In this work, the Ge01"ge M. Bowers was 
rigged with two standard 40-foot Gulf-of­
Mexico shrimp trawls (Bullis, 1951). The 
electric trawl was used as the starboard trawl, 
and the standard nonelectric trawl was used 
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as the port trawl. We tried to make t he non­
electric trawl identical with the trawl used 
by commercial fishermen. The trawl were 
fished on a straight-line cour except when 
circumstances requi red the v I to change 
course. 

Loops of chain were hung acro th f ot­
rope to keep the electric net within the 3-inch 
distance from the bottom that had b n e ·tab­
lished, during the earlier behavi r and de­
sign studies, as the maximum h ight it hould 
be above the bottom. Each loop wa 15 inch 
long; its end were attach d every 12 inche 
acr ss the footrope from wing to wing of th 
net. An equal amount of chain was u d on 
the nonelectric net to keep the op rating char­
acteristics of the two trawl imila r. Thus, 
except for the electric yst m on th starboard 
b'a\\'i, the t r awls were ri gged identica lly. 

The n t w re st d n maj r hrim p 
round in the ul f f M xic. If Mi 'si -
ippi and T xa ,th y fi h d f I' br wn shrimp, 

and If uthw st FI r ida, f r rink hrimp. 
T tak ntati ampling fr m each 

durin th iimi 1 tim avail-
r uir d that ri of t t 

mad in v mall ar a within 
hr imp gr undo ach mall a1' a, 

v ral 1-h ur drag tati n ) w r made 
durin daylight; th n ginnin imm diately 
aft r un t, acl diti na l 1-h ur drag w re 
mad in th am a r a . Thi c mpari n of 
day cat h a nd night catch wa I' p ated 

v ral tim s n ach hrimp r undo a ed 
n a ummary f th '1-h ur t t ycl , rati 
f If cti n btain d - th y indica d 

how much of th hrimp that w uld b a ail­
abl t a tandard trawl at nigh wa being 
caught by th I ctric trawl durin the day. 

Table 2.- Log of Resea rch Vessel George M. B owers Crui e 66 off coast of M i iS8j p pi 

DJta on day tests Data on night le:sU 

Dale In Calch .. by: Calch .. by: 
1966 SIJtlon Starling t ime Depth lalion lartinl( lIm~ o.plh Nonelecuic number ( I-hour drags) :-':ondecuic Elect ric number (I-hour drag.) Electric 

trawl trawl lr.twl tr.wl 

Fatlioms PoundJ Pou ndJ FolhomJ Po."dJ PoundJ 

August 9 42 0745 3 6.0 17.5 46 1935 3 18 .0 13 .5 
43 P ulser malfunctioned 47 20-15 3 21.5 15 .5 
H 141 5 3 8.0 16.0 48 2210 3 15 .0 7.0 
45 1530 3 6.0 15 .0 

August 10 49 1025 3 7.0 150 
50 1140 3 24 .0 30.0 
51 1305 3 3 1.0 3 1.0 
52 Electricity was not turned on 

August II 53 0940 I 3 5.0 15 .0 
54 Pulser malfunct ioned 

August 30 55 1820 3 14 .0 16.0 
56 1930 3 17.0 13 .5 
57 2045 3 15.0 15.0 
58 2200 3 21.0 11.0 

Au gust 3 1 59 0930 3 1.5 10.5 63 1900 3 16.0 16.0 
60 104 5 3 5.5 19 .0 
6 1 1630 3 6 .0 16.0 
62 1745 3 10.0 22.0 

September I 64 1055 3 1.5 12.0 70 1850 3 17 .0 11 .5 
65 1205 3 3.0 12.0 7 1 2015 1 8.0 9.0 
66 13 30 3 2.0 14.0 72 Fouled lazy line on nonelectric trawl 
67 1445 3 4 .5 19.0 
68 16 15 1 1.0 17.0 
69 1730 3 8.0 19.0 

September 2 73 0725 3 8.5 18.5 
74 0840 3 1.0 18.0 
75 Bag untied 

Total ., ... 119.5 336. 5 162.5 110 .0 

Average ... 7.3 17.7 16 .3 11 .0 
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B. FINDINGS 

1. Data 
The r esults appeared to be related closely 

to the type of bottom, for the results differed 
markedly, depending upon whether the fish­
ing was done on the predominantly mud bottom 
off Mississippi and Texas or on the predom­
inantly calcar eous-sand bottom off Southwest 
Florida. 

a. Catch from mud substratum off Missis­
sippi and Texas. 

(1) Catch off Mississippi. - Table 2 
lists catches made at stations off the coast of 
Mississippi during tests of the electric shrimp 
trawl. (All weights of shrimp given in this 
paper are those of shrimp with heads on.) 
With the nighttime catch of the nonelectric 
trawl (16.3 pounds per hour) representing 
100 percent of trawl efficiency, the daytime 

catch of the electric trawl 17.7 pound p r 
hour ) produced an effectivene rati f 1 
percent. 

The pulse generator failed twic durin 
the te ts. These failure w re cau d a 
breakdown of the ca pacitor in the 0 cilla tor 
a type of failure that wa di cu d pr iou I). 
We had expected thi failure to occur p r iod i­
cally but had decided that replacing the a­
pacitor was cheaper and mol' xped i nt in th 
prototype trawl than requiring asp ciall y mad 
capacitor to be used during exper imental d -
velopments. 

(2) Catch off Texas. - ff the coa t 
of Texas, the daytime catch of the el ctric 
shr imp trawl was 15.4 pounds per hour, and 
the nighttime catch of the nonelectric trawl wa 
16.2 pounds per hour (Table 3). The ffi­
ciency of the electric trawl thus wa 95 per­
cent in the Texas Area. 

Table 3.-Log of Research Vessel George M. Bowers Cruise 67 off coast of Texas 

Data on day tests D ata on night tests 

D ate in Catches by: Ca lch .. by : 
1966 Station Starling ti me Deplh Station Sta rli ng l ime Depth Nonelectr ic number ( I-hour drags) Nonelectric Eleclr ic nu mber ( I-hou r drags) EI ~c lri c 

trawl trawl trawl tr.nd 

Fathomr Poundr P ou ndJ Fath omr Pou ndr Poundr 

September 22 1 111 0 14 0 .5 18.5 5 1905 14 19 .0 16.5 

2 1225 14 1.0 17.0 6 20 20 14 13.0 9 .0 

3 1340 14 2.0 18 .5 7 2 135 14 5.0 9.0 

4 1450 14 1.0 20 .0 

September 23 8 0855 14 0.0 10.5 13 1935 16 20.0 7.5 

9 1020 13 0 .0 10.5 14 2055 17 23 .0 120 

10 11 50 14 0 .0 8.5 15 2210 17 20 .0 9 .0 

II 1305 15 0 .0 17.0 

12 1420 15 0 .0 18.0 

September 24 16 P ulser malfunctioned 20 1840 17 30 .0 17.5 

17 111 5 17 1.0 22 .5 2 1 201 5 18 17.0 10.0 

18 1235 17 0 .0 16.0 22 2 130 18 22 .0 15 .0 

19 1350 17 0 .5 17 .5 

September 25 23 14 15 18 1.0 16.0 26 175 5 18 12 .0 12 .0 

24 1525 18 0.0 13 .5 27 1910 19 13.0 5.5 

25 1640 18 1.0 16 .0 28 2030 20 12.5 6 .5 
29 2 150 20 22 .0 100 
30 2300 19 23.0 10 .0 

September 26 \Vent into port 3 1 1845 14 16 .0 7.0 
32 2010 IS 15 .0 10 .0 
33 2 125 16 13.0 9 0 

September 27 34 0945 16 0 .5 16.0 

3S 1100 17 1.0 16 .5 

36 Shorted deck plu g 
37 N o electricit y appl ied 

September 28 41 06 15 

I 
13 0 .0 4.5 3 0 230 14 11 .5 70 

39 OJ4S 14 10.0 8.5 
40 0500 14 70 .0 

T otal ..... 9 .5 277.0 324.0 1980 

Average ., . 0 .5 15.4 16.2 99 

227 



The pul e generator fa il d once; again th 
fai lure was caused by th cap citor br ak-
ing down . One other failur in th ystem 
occurred when water nt r d th ctrica l 
connector on the winch whil th d ck f th 
ve sel wa being \Va h d and cau d th ircuit 
to short. 

b. Catch from calcareous sand - shell sub-
stratum off Southwest Florida .- Tabl Ii ts 
the results of fi hin'" trial ar und th ry 
Tortugas Area in outhwe t Florida. II re 
the daytime electric trawl caught 1 .9 p und 

c 
wa 

r a. 

Table 4.- Log of Research I Georg ill . BolU rs CruiJe 69 oII Sou th Florida (Tonugas ) 

D.Uil on day ttlll D~t~ on n.,ht letU 

Dale in Catch .. b) : C.leb .. by: 
1966 Stalion Stlrllng lime Depth Station urtln, lime Ikptb :\ont:leevu: numlxr (I-hour dr.gs) :\ond«ttic fJectfic numbtr (I hour drap) llt(tne 

HaYti Itu,1 ua .. 1 tn,,1 

F atlto mJ Pond, Po.,J, f alA."" Po",,," Po .. '" 

October 2J I 12jO I 00 9 .5 5 1'45 I H O 25.0 
2 I H" I 00 460 6 1900 I 1000 4 .0 
3 1500 I 00 j I 0 7 2015 I 410 450 
~ 1625 I 2 5 200 

Cktober 24 100- I 00 100 12 IHO 20 liO 170 
9 1120 I 00 250 13 BJC unllrd on nondKtric In I 

10 12] 5 19 05 lOO 14 2U10 20 14 0 16.5 
II 13 45 ~ 0 .- 4 10 1- 2125 21 410 350 

October 25 16 Pul,cr m~lfunclloned 20 1'40 20 2 .0 23.0 
17 Pulscr maHunctionro 21 I 55 20 21 0 14 .0 
IS 13 10 20 00 130 :?! 2010 20 17.0 12.5 
19 I ~2 5 20 10 17 0 2J 2125 20 22 .0 23.0 

I 

October 26 2 ~ 1000 20 0.0 90 30 I 15 I 15 .5 11.0 ,--, 1135 2 1 0.5 120 3 I 1930 17 39.0 17.0 
26 1250 21 0.5 11 .0 
27 1~ 2S IS 0 .0 16.0 

2S 1540 17 0 .0 7.0 

29 1700 17 70 15 .0 

D"coDlI nu«! work for 5 days bee.u", of bad w.mer 
1 ovember 1 32 09~ 5 

I 
14 00 3.0 3 1750 16 4 1.0 33 .0 

33 11 00 15 00 10 .0 39 1905 16 44 .0 14 .0 
J4 Brolen d ccuodes 40 1020 16 26.0 2 .0 
35 1405 

I 
15 00 10.0 41 2135 16 27.0 13.0 

36 1520 15 0 .0 12.0 

37 163 5 16 10.5 13 .5 

Discont in u.d "ork for 7 day. b<cau •• of bad " •• thor 

~ovcmber 8 42 Eltetrod .. broko n, hug. c>lch of . pong. . nets tom 44 1645 IS 39.0 ~ 1.0 
4 3 1530 

I 

IS 

I 

1.0 26.5 4 5 ISOO 19 4~ .0 24 .0 
46 1915 19 69.0 lS .O 
47 1030 IS 47 .0 3S.0 

November 9 4S Catch lost ~cau5e of jdlyfish 56 1720 IS 5 .0 +32.0 
49 OSlO IS 0 .0 0 10.0 57 IS 35 IS 2 .0 · IS .5 
50 0925 IS 0 .0 ° 17 .0 5S 1950 IS 24.0 · 14.0 
51 1045 IS 0 .0 3S.0 
52 1200 IS 0 .0 2S.0 
53 1315 IS 0 .0 11.5 
54 1430 IS 0 .0 15 .0 
55 1550 IS 0 .5 21.5 

T otal .. . .. 24 .5 54S .5 S66.5 609.5 

Average . , . O.S IS .9 37.7 26.5 

o J ellyfish very numerous . 
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agency extraneous to the system. For the 
first time during fishing trials with the electric 
shrimp-trawl system, electrodes broke - four 
at Station 34 and five at Station 42. In both 
instances, the damage was caused by logger­
head sponges. During the 1-hour drag at Sta­
tion 42, several thousand pounds of sponges 
fouled both trawls and extensively damaged 
both the nets and the electrodes. 

2. Discussion 
The low daytime catches of the nonelectric 

trawl relative to the catches by the electric 
trawl show that the shrimp had been burrowed. 
The higher daytime catch by the nonelectric 
trawl in the Mississippi Area than in the areas 
off Texas and Florida may be attributed to 
large catches at Stations 50 and 51 after wind 
and rain had produced turbid water. 

The nighttime catch of the electric trawl 
was consistently less than that of the non­
electric trawl at night. The explanation may 
be as follows: During the daytime, when the 
shrimp are burrowed, most of the 2-second 
stimulation time passes while the shrimp are 
being forced from the substratum. The re­
mainder of the 2 seconds passes while the 
shrimp are rising the desired 3 inches min­
imum height. At night, on the other hand, 
when the shrimp are already moving about 
above the bottom, some of them may use the 
2-second intervai to avoid the trawl. On the 
assumption that they react in a random man­
ner to the electric stimulation, some of those 
near the wings of the net or the footrope could 
move in a direction that would allow them to 
escape capture. 

Off the coast of Mississippi, the daytime 
catch by the electric trawl slightly exceeded 
the nighttime catch by the nonelectric trawl; 
whereas off the coast of Texas, the nighttime 
catch of the nonelectric trawl slightly exceeded 
the daytime catch by the electric trawl. On 
the Dry Tortugas shrimp ground, the daytime 
catch of the electric trawl was only 50 percent 
of the nighttime catch of the nonelectric trawl. 

The low catches from the Dry Tortugas 
shrimp grounds may have been due to the 
substratum. Klima (1968) demonstrated that 

electrically stimulated shrimp emerge f aster 
and rise higher from a mud substratum than 
from any other type of bottom. The mud sub­
stratum is common to shrimp grounds of the 
Northern Gulf, where the highest r ates of 
catch were obtained with the electric trawl. 
In contrast, the substratum of the Dry Tor­
tugas shrimp grounds is primarily calcareous 
sand-shell. Although the bottom was not 
studied thoroughly, the adhesion-compactness 
characteristics of the Dry Tortugas bottom 
may have slowed the shrimp's reaction time 
and thereby reduced the rate of catch. 

Field personnel noted that the best day­
time catch'es of shrimp on the Dry Tortugas 
shrimp ground were made when the electric 
trawl was towed against the current of water. 
On these particular drags, the trawl moved 
more slowly over the bottom than usual and 
stimulated the shrimp for a longer time. This 
observation strengthens our theory that the 
substrate of the Dry Tortugas shrimp ground 
slows the reaction time of the shrimp. 

The low rate of catch on the Dry Tortugas 
shrimp ground would make the practicality of 
daytime fishi ng questionable. The electric 
trawl can probably be used profitably only 
when shrimp are abundant. If fu rther study 
proves that the Dry Tortugas substrate actu­
ally does slow the shrimp's reaction time, the 
addition of one or two more electrodes to ex­
tend the electric field in front of the trawl 
would increase the rate of catch. In any event, 
a minimum potential drop of 3 volts must be 
maintained across 4 inches throughout the en­
larged field. 

The catch rate of the electric trawl in the 
Northern Gulf established that the system is 
effective in harvesting shrimp during daylight. 
If one net can take 17.7 pounds per hour and 
15.4 pounds per hour, then two nets fishing 
12 daylight hours should take 425 and 370 
pounds of shrimp, respectively. Important is 
the fact that the electric trawl caught about 
the same amount of the shrimp during day­
light that a standard trawl could catch at 
night. In the Northern Gulf, day shrimping 
thus is potentially as profitable as night 
shrimping. 
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CARE OF FISH HOLDS 
by 

Wayne I. Tretsven 

ABSTRACT 
The stowage of iced fish in the hold of a fishing vessel causes the hold to become 

wet and dirty, which in turn may cause deterioration of the vessel as well as spoilage of 
the fish handled thereafter. 

This problem was studied, and procedures for solving it were developed and used 
effectively on commercial vessels. The procedures involve : (1) use of better methods 
of cleaning and sanitizing the hold, (2) use of a solubilized, copper-8-quinolinolate to pre­
serve the wood in wooden holds, and (3) application of plastic sheeting, 6-mils (.006-
inch) thick, to line the hold in order to prevent it from becoming wet and dirty and to 
prevent the fish from contacting it. 
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INTRODUCTION 
Holds in fishing vessels have long been a 

problem to those who build the vessels, to those 
who own them, and to those who work in them. 
Holds are usually the cause of unnecessary 
spoilage of fi sh. They are difficult or impos­
sible to clean, and they require much care and 

maintenance. The purpose of this report is 
to suggest techniques for taking care of holds. 
Three main topics are discussed: (1) cleaning 
and maintaining fish holds, (II) using wood 
preservatives in wooden holds, and (III) lining 
the holds or pens with plastic sheeting. 

Author, Woyne I. Tretsven, R lJtarcA CAlm;!I, Bureau of Commercial Fisheries Te<:hno logicaI Laboratory, 2725 Mantlake Boulevard East, Seattle, 
Washington 98102. 

Prepri n! No. 69, issued February 1969. 
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I. CLEANING AND MAINTAINING FISH HOLDS 
Fish slime, blood, and excreta can make 

holds excellent places for the growth of spoi lage 
bacteria. Unless these materials are removed , 
t he bacteria contaminate the incoming ice and 
fish - hence the fi herman's often-repeated 
statement: "Bilgy holds produce bilgy fi sh." 

Fish in direct contact with wooden surfaces 
in the hold usually spoil quickly, und rgoin g 
an anael'obic type of spoi lage - that i , poi 1-
age without fl'ee oxygen, and take on a bi lgy 
or sour flavor and odor. 

N umerous procedures have been used to 
sol\'e the prob lem of cleaning a hold and main­
taining it. Some of these procedures invoh'e 
cleaning and sanitizing the hold after it has 
become contaminated; othel' involv the pre­
vention of contamination by u e of protective 
coyerings and preservatives (Linda and 
Slavin, 1960). Examples of the former a re 
cl'ubbing, steam cleaning, and rin sing after 

the hold has been unloaded, including the use 
lIf detergents and bactericid s. Examples of 
the latter are (1) the application of coatings 
such as paint, (2) the application of coverings 
and screens of metal 01' plastic, and (3) the 
application of so-called preservative, uch as 
diesel oil. Some of the methods commonly 
used are effective; others may do more harm 
than good. 

Ordinarily, the hold is washed to remove 
dirt and decaying matter. It then may be san­
itized through an operation in which the r e­
maining bacteria are destroyed. This pro­
cedure is good, provided that a ll of the dirt is 
removed. Unfortunately, all of it seldom is 
removed, because holds ordinarily are not con­
structed in such a way as to facilitate adequate 
cleaning. Adequate cleaning of holds con­
structed of wood is almost impossible, because 
moist debris becomes lodged in corners and 
gouged areas, where it cannot be removed. 
In many wooden holds, debris passes between 
wooden parts of the ship 's structure, where 
it hastens the decomposition of the wood as 
it decays. Steel holds, because of improper 
construction, usually cannot be cleaned ade­
quately. For easy cleaning, the holds should 
have smooth surfaces and rounded corners. 
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Paint ha be n us d to c at wood in the 
hold. A lth ugh painting ha b n a ~vocated 
for many y al's, its valu has b n qu lion d. 
As one ha libut kipp r tated: "It doe n t 
pay, b cau th wood g oft and our under 
the paint." 

ndoubt dIy, th in ff ctiv n s f paint 
is the reason that 0 many h Ids a 1' no long l' 

painted in th orth Pacific fl t. Damag 
to the coaling ccur, owing t pi rcing, cut, 
blows, a nd abra ion. This dama p rmits 
moi tu1' and filth tent 1', often r ulting in 
blisters and foul- m Iling (anaerobi ) accumu­
lations unci r the coating. Thi c ndition may 
be worse than that in uncoatecl w d. ana­
dian stucli (Fish rie R search ard of an­
ada, 1958-1959 ) on the u e of pain and var­
ious coating on wood in fi h hold r v al d 
that: " ne of the urface coating prevented 
the underlying wood fr m gaining moi ture 
while in ervice." 

In thi ection of the report, we con ider 
(A) genera l cleaning practices, ( ) additional 
treatments, and ( ) improved facilitie . 

A. GENERAL CLEANING PRACTICES 
Immediately after the fish are remo'·:ed 

from the hold and before the surfaces of the 
hold become dry, cold water (either fresh 
water 01' clean ea water but not contaminated 
harbor water) is applied at high velocity to 
100 en and flush down as much oil a po ible. 
The application of water is stopped when the 
water in the bilge is clean and free from murky 
materials. 

After the hold has been flu hed with cold 
water and before any surfaces dry, a concen­
trated detergent solution (as much a 10 times 
as concentrated as will provide good cleaning 
at a low concentration) is applied either by 
means of a pressure sprayer or directly from 
a bucket by means of a brush. The detergent 
used may be anyone of the numerous general­
purpose detergents available, provided that it 
is especially suited for removing material of 
a proteinaceous nature. The most common 
ones consist of a mixture of various alkaline 



phosphates and a wetting agent. Synthetic, 
household, laundry-type detergents obtainable 
from a grocery store are often effective. Or­
ganic acid-type cleaners are also proving to 
be effective. The detergents are most effective 
when used with warm water, but they can be 
used with cold water. 

All of the exposed surfaces are scrubbed 
with a stiff brush. After the surfaces have 
been cleaned, cold water is applied as before 
until the water in the bilge again becomes 
clear. 

Steam cleaning - that is, directing live 
steam at the surface to be cleaned - is a POOl' 

method of cleaning a wooden hold. If heat 
for cleaning is desired, better results are ob­
tained by the use of hot water. Use of high 
temperatures in cleaning may cause the wood 
to take up more '" ater, may cause fatty ma­
terials present to spread readily and penetrate 
deeply into the wood, and may cause proteins 
to be precipitated within the wood, making the 
job of cleaning even more difficult. 

B. ADDITIONAL TREATMENTS 

Sanitizing treatments may be used advan­
tageously after the hold has been cleaned. The 
following three treatments are helpful: 

1. A hypochlorite solution (about 500 to 
1,000 parts per million available chlor-

ine ) is effective when sprayed on a ll of 
the surfaces of the hold after it is cleaned 
and again, just before ice is taken, if a 
day or two elapses between the cleaning 
of the hold and the loading of the ice. 
This sanitizing treatment also improves 
the odor of the hold. 

2. Spraying the surfaces of the hold with 
a quaternary ammonium compound is 
a lso effective. It remains in and on the 
surface of the wood and controls the 
growth of bacteria and fungi. It should 
not be applied before or with a chlorine 
sanitizer, because the chlorine will de­
stroy it. 

3. Granulated salt may be sprinkled on all 
wet surfaces. It minimizes the devel­
opment of fungus while the hold is not 
in use. 

C. IMPROVED FACILITIES 
Improvements are being made in equip­

ment, detergents, and procedures for cleaning 
the hold . Both stationary and portable equip­
ment have been developed for heating and ap­
plying the detergents at high velocities to t he 
surfaces. Chlorinated and iodinated-type de­
tergents are available that react chemically 
with proteins, causing an effervescence Qf car­
bon dioxide that actually lifts the soil f rom the 
surface. 

II. USING WOOD PRESERVATIVES IN WOODEN FISH HOLDS 

The hold is a vital structural part of the 
vessel, and its maintenance and preservation 
are essential to both the integrity of the vessel 
and the quality of the catch. 

The wooden hold is especially susceptible 
to decomposition , because of the wet conditions. 
Various coatings - such as paint, epoxy and 
phenolic resins, and varnishes - have been 
applied to the surface of the wood to protect it 
and keep it dry. None of the coatings, how­
ever, prevent moisture from being absorbed. 
Use of wood preservatives in treating the wood 
is effective, because the preservatives contaip 
fungicides that control the cause of rot. How-

ever, their use in fi sh holds has limitations. 
They must not cause the fish to become toxic 
or cause the flavor of the fish to change, and 
they should be effective for a long time. 

A fungicide, copper-8-quinolinolate was 
suggested to the Bureau of Commercial Fish­
eries by Scheffer (1962f for use in preserving 
wooden fish holds. 

Copper-8-quinolinolate is a potent fung­
icide, and its mammalian toxicity is low. Suit-

1 Pe lsono l communicatioos - le tter, dated September 25, 1962, fra m 
T. C. Scheffer, Pathologist, U. S. Forest Products Laboratory, Madison , 
Wisconsin 53706. 
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ably used, it has been approved by the Food 
and Drug Administration for treating mate­
rials such a cloth, paint, and wood that may 
come in contact with foods. Because it is 
chemically stable and relatively insoluble in 
water, acids, and alkali, it was applied to wood 
in the hold in a formulation incorporating 
water repellents. ' These features make it an 
effective preservative for long periods of time, 
even after continued leaching by melting ice 
and repeated washing of the hold. Fishermen 
report that it makes the wood easier to clean. 

In a study of the use of this product, we 
found that it was easily and efficiently app lied 
to the wood in the hold and to the wood be­
tween the planking and ski n in dry vessels. 
A nozzle at the end of a long hose was intro­
duced through holes made at the top of the 

skin and was inserted down between each rib. 
The solution of wood preservative was ap­
plied to a ll of the surfaces. Any of the pre­
servative draining into the bilge was recircu­
lated until it disappeared (owing to penetration 
and evaporation). During application, I re­
cautions were taken against fir , because th 
so lvent in which the pr servative is dissolved 
is inflammable. 

Diesel oil has b en applied to fi h holds as 
a wood preservative. Its use in material in 
contact with fish i qu ti nable a i al its 
effectivenes as a wood preservative. cheffer 
stated, "We believe that diesel oil has relative~y 

slight or negligible bacteriocidal or fungicidal 
properties. We would expect diesel oil to be 
wholly ineffective as a preservative for pro­
tecting wood in most service situations in­
volving decay hazard." 

III. LINING HOLDS OR PENS WITH PLASTIC SHEETING 
Disposable plastic sheeting wa used suc­

cessfully to prevent fish holds from becoming 
wet and dirty and to protect the fish from 
becoming contaminated. 

In this section of the report, we consider 
(A) our experimental use of plastic, (B) the 
plastic sheeting used in holds of commercial 
vessels, and (C) our recommendations for use 
of plastic sheeting. 

A. EXPERIMENTAL USE OF PLASTIC 
In an earlier study of ways to protect hal­

ibut from possible contamination by foreign 
material, we used plastic sheeting as a bar­
rier between the hold and the fish . In an 
experiment to test several variables, a single 
layer of 4-mil polyethylene sheeting was used 
to line pens, the surfaces of which had been: 
(1) cleaned and sanitized and (2) treated with 
diesel oil. After 10 days of storage, iced fish 
that had been separated from the surfaces by 
the sheeting were found to be good, whereas 
those in direct contact with the wooden sur-

2 A so lubilized concentration of copper-8...quino!inolote and water 
repell ents (U. S. Pat ents No . 2,56 1,379 and 2 ,561,380) known as "Cu· 
milote" was used in 2 vo lumes of industria l white spirits having a 
flash poin t of 103 0 F. (Use of thi s trade name is merely to facilitat e 
descriptions; no endorsement is implied.) 
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faces had become bilgy and tasted of diesel 
oil when cooked. The plastic sheeting kept the 
surfaces of the wood dry and free from lime. 

B. SHEETING USED IN HOLDS OF 
COMMERCIAL VESSElS 

Use of the plastic sheeting to accompli h 
similar results in fishing vessels wa discu sed 
with skippers of commercial ves els. Many 
expressed interest, primarily becau e plastic 
sheeting could reduce the problem of cleaning 
and of maintaining a clean and dry hold. 

Skippers who used the plastic sheeting to 
line the hold reported that it did keep the hold 
clean and dry. Some stated that, at first, they 
washed the dirty plastic for reu e but that 
they discontinued this practice, because the cost 
of replacing it with new plastic was not high, 
Lining the hold in a salmon troller, for ex­
ample, cost less than $1.00, and lining the 
hold in a halibut schooner holding 80,000 
pounds of iced halibut cost about $10.00. 

Fishermen found that the sheeting was easy 
to apply and to remove (Figure 1) , that fish 
close to refrigeration coils were easier to re­
move when frozen, and that the messy part 



Figure I.-Removal of rusposable plastic sheeting. The surfaces behind the h eting are I a n nd d ry. 
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6. Use sanitary-type metal pen boards that are 
designed to permit drainage of mIt-water 
through or between th m at the front of 
each pen. (A number of 1;2-inch holes in 

each pen bard a ll ws for drainag , and 
the h Ie ar c nv ni nt w h n h ks mu t 
be u d to r m ve 1.h pen bard .) 

Figure 2.-Lining a dry pen in the hold of a halibut vessel before ice is taken on. 

SUMMARY 
Cleaning and maintaining fish holds pre­

sent problems. Accordingly, this article sug­
gests methods of cleaning and sanitizing the 
hold. For the treatment of the wood in the 
hold, it recommends an approved fungicide 
having a low toxicity to man. It also describes 
an effective method for applying a preservative 
to wooden holds. Finally, it reports that poly-
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ethylene sheeting used between the fish and 
the hold is effective in preventing undesirable 
changes that occur in fi sh when they are stored 
in contact with wood - in short, that the use 
of the polyethylene sheeting to line the hold, 
or the pens in the hold, is a practical method 
for keeping the fish and ice from contact with 
the hold and for keeping the hold clean and dry. 



Figure 3.--Single sheet of disposable polyethylene film attached at the top by tacked lath and draped to prevent 
the iced fish from contacting the pen surfaces. 
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by F. Bruce Sanford, lena B 

A. APPROACH 

Write your paper fo r a reader who has had advanced 
scientific training. Organize and write it in such a way 
that he can read it rapidly, yet under stand it the first time 
through. 

B. COMPONENTS OF THE PAPER 

1. Title 

Select a title that reveals the overall purpose of your 
research. When appropriate, include scientific names of 
species. 

2. Abstract 

Make the abstract semidescriptive: tell what the report 
is about, and end with a statement of your overall conclusion. 
(This conclusion will answer the question stated, or implied, 
by your overall purpose.) Keep the abstract short, but do 
not use the title of the paper as the assumed antecedent 
of otherwise irreferable pronouns. 

3. Contents 

Include a table of contents. 

4. Introduction 

In the introduction, (1) orient the reader to your over· 
all purpose, (2) state the purpose explicitly, (3) orient 
the reader to the subpurposes, and (4) end with a listing 
of the subpurposes. 

Include in each orienting discussion all the important 
words that will occur in the subsequent statement of purpose. 
Avoid unnecessary reviews and economic data. 

When stating the overall purpose, include a word such 
as "purpose" so that the reader can quickly identify the 
statement for what it is. 

5. Main Divisions 

Do not use such generalized divisions as "Experimental." 
Instead, be specific by making the main divisions of the 
paper correspond to the main divisions of your research­
Experiment I, Experiment II, and so on. Give each ex-

riment a specific title so that the reader will gain imme­
diate insight into the scope of the e xperiment. 

For main divisions, do not use "Materials," "Procedures," 
and "Results" (except when, as is rare, your paper reports 
only a single unit of research, such as Experiment I) ; in­
stead, use these headings for minor divisions. When you 
use them, consider the following suggestions : 

a. Materials and methods.-Describe in detail the ma­
terials and the methods used in your first experiment. If 
the materials and methods u sed in succeeding experiments 
are similar to those in the first, merely describe the dif­
ferences when you report the succeeding experiments. 

If a method includes several closely consecutive steps, 
number them and write out the steps; use the active voice 
-for example, "In the separation of acids from the aqueous 
phase, the analyst: 

1. Neutralized a I-milliliter portion of the aqueous 
layer to a pH of 10 with 0. 1 N NaOH. 

2. Transferred the neutralized solution to Flask A. 

3. Placed Flask A in a bath ... " 

b. Results.-Report all numerical data in tables and 
graphs--avoid cluttering the text with numbers.. In the 
discussion of results, do not repeat the data that are con· 
tained in the tables and graphs. Instead, analyze the data 
by pointing out significances and implications. Use sum­
mary tables; do not overwhelm the reader with unnecessary 
tables of raw data. 
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Conclusions 

Draw conclusions from your results. Make sure that 
t e overall conclusion and the subconclusions correspond 

th your overall purpose and subpurposes. Present the 
clusions in logical sequence. 

7. Summary 

End the report with a summary. Make the summary 
quantitative, not merely d escriptive. If the report is short, 
end it with "Summa ry and Conclusions." If it is long, 
separate the two. 

8 . Acknowledgment 

Avoid titles of individuals--such as mister, doctor, or 
professor. Simply acknowledge the assistance received. 

9. literature Cited 

Make your citatiorts complete and accurate so the reader 
can find the original with ease. Follow the format used 
in Fishery Industrial Research. 

C. MECHANICS 

1. Abbreviations 

Avoid abbreviations unless you have compelling reason 
to use them-for example, if you lack space in your tables. 
If you use abbreviations, use the ones standard in your 
discipline. End the abbreviation with a period. See the 
latest issu e of Fishery Industrial Research. 

2. English Usage, Punctuation, and Capitalization 

Meticulously follow established practice in grammar, 
punctuation, and capitalization. For precise, forceful state­
ments, u se personal pronouns where appropriate and thereby 
avoid illogical constructions or ambiguities. 

3. Headings 

Use the system of headings shown m the latest edition 
of Fishery Industrial R esear ch. 

4. Numbers 

Use Arabic numbers unless you have a compelling reason 
to use Roman numbers or to write the numbers out. See 
the latest issue of Fishery Industrial R esearch. 

5. Tables and Graphs 

a. Tables.-Number each table and give it a title. (The 
title, placed at the top of the table, is a brief statement 
of such applicable referents as the nature, classification, 
or chronology of the information presented, and the polit­
ical division, geographical area, or physical plant to which 
the data refer. These points are sometimes referred to 
as the "what," "how classified," " when," and " where" of 
the table. ) Do not place a period at the end of the ti tle. 
When headings apply to info rmation in more than 1 col. 
umn, word them so that they reveal the meaning of the 
data in all columns covered. Place all units of measurement 
over figure columns, and underline. Separate all columns 
with vertical lines, but use horizontal lines and footnotes 
sparingly. Place each table on a separate page. See the 
latest issue of Fishery Industrial R esearch. 

b, Graphs.-Number each graph. Place the t itle at 
the bottom of the graph, and end it with a period. In 
wording the title, follow the suggestions for titles of tables. 
Fr 11 4 sides of the graph. Place tick marks on the 

. the frame a t only the left and bottom sides unless 
compelling reason to do otherwise. Identify 

and abscissa; capitalize all letters in the identifi-
lace units of measurement in parentheses, and 

m in lower case. Unless it clutters the graph, 
h curve d irectly instead of using a legend or a 
ce each graph on a separate page. See the latest 

ishery Industrial R esear ch. 
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