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ABSTRACT

This report  t races  the development and sea tests  of various
devices to obtain a sur face  water sample. The f i rs t  were
1-li ter pol yethylene wash bottles with intake at tachments .  They
were  squeezed to create  a partial vacuum and thrown f rom
helicopters.  In pract ice they collected over 100 milli l i ters
of water .  Other samplers  were  built around 1- l i t e r  f i l ter  Iflasks. These samp lers  were  evacuated and parachuted
to th e water , where  the impact would break open intake tubes .
They were  e f fec t ive  about 75% of the t ime in collecting a liter
of water  f rom 6 to 8 inches below the sur face .  Another sampler ,
also parachuted , cap tures  a volume of the water surface  by a
cookie cut ter  action and drew it into a 1-l i ter  T h e r m o s  bottle
for protection f rom tempera tu re  change and sunli ght. Filte r
paper bands gave way on becoming wet and released spring
clips on rubber  intake tubes.  These samplers  were  only 60%
effective in landing upri ght on the water .  E)aster Dewar
samplers without the cookie cut ter  action but with the same
intake method proved about 95% effect ive in collecting their
combined capacity. A more elaborate samp ler , having an
electric t imer  mechanism to open spring clips and manually
placed on the water , proved only about 60% effect ive because

• of unrel iabi l i ty  of the mechanism.  For larger  volumes of
water , a 5-gallon polyeth y lene carboy with a wooden board
float on its neck to maintain the necessa ry  filling orientation
proved 98% effect ive.

PRQBLEM STATUS

This is an in ter im report  on the problem; work on the
• problem is continuing.

AUTHORIZATION

0 NR L Problem S O l - 1 8
Projec t  SF 001 -03-13 -8136
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OCEAN SURFACE WATER SAMPLING DEVICES

INTRODUCTION

in order to stud y the ph ysical  and chemical  proper t ies  of
the ocean near  the su r f a c e , a sui table  dev ice mu st be u sed to
obtain a sample of the su r f ace  wa te r .  Sur face  samplers  have
been de veloped tha t will  col lect  des i red  am ou nt s of su r fa ce
water  and that  meet  the following r equ i r ement s :  they should 

0be inexpensive , be cleanable by ordinary chemical  pr act ice~~be che m ically ine rt  to sea water , be r u gg ed enou gh to with-
stand dropping f rom an ai rp lane , be li ght enoug h to make a
water  en t ry  with m i n i m u m  d i s tu rbance  to the sur face  of the
water and be able to collect f rom 1/ 10 to 20 l i te rs  of water .
Althoug h these de vices wo ul d be picked up by a boat , they
w e r e  general ly  desi gned to be dropped f rom the air  since
a boat would d i s turb  the surface .  This repor t  t races  the
evolution of our pr esen t  samplers  and p resen t s  the re su l t s
of t e s t s  in the open ocean.

THE P O L Y ET H Y L E N E  SAMPLER

A i - l i t e r  pol yet hy lene wash bottle was the f i r s t  sampler
tried.  Pol ye thylene  is known to be chemicall y i ne r t  to sea
water , and can be cleaned by ordina ry ch emical  meth ods.
The f lexibi li ty  of the walls of this li gh twei ght , u n b r e a kable
bottle was one of the decid ing fac to r s  that led to its use
as a samp ler.  The bot t le  could be dropped f r o m  an air-
plane wi thout  br eaking.  A part ial  vacuum could be created
inside the bottle b y mere l y squeez ing it . To ut i l iz e the
pol yet h y lene wash bot t le  as a su r face  samp ler , it was
necessary  to know the amount of t ime needed to compress
t h e bott le an d r e s t o r e  it to i ts or iginal shape , a lso the amount

0 of water  collected during res tora t ion  t ime , an d the a m ount
of w a t e r  collected a f t e r  partial  res torat ion  t ime in the a i r .4 
Table 1 show s the data giving this in format ion .

~‘Scc , for example , F. R o s e bu r y ,  “Tube Labora tory  Manual” ,
~nd ed. , Resea rch  Labora tory  of E l ect ron ic s , M. I. T. , Cambrid ge ,

• Mass .  , 1956.
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Figure 1 i l lustrates the modified wash bottle that was used to
collect sur face  water  on the f i r s t  open ocean experiment.  In
practice , the polyeth y lene sampler was f ound to wor k quite well.
It collected over 100 mill il i ters of water f rom a depth very close
to the water surface.  The onl y diff icul ty encountered was
deploying a cluster of the bottles f rom a helicopter.  The light
wei ght of the bottles made it very  diff icul t  to throw them out
of the side door of a helicopter with a fast  moving down draft .

FiLTERiNG FLASK TYPE SAMPLERS

Desi gn A

Figure 2 is an example of the next sampler developed.
This sampler made use of the capabilities of a 1-liter fi l tering
flask which was the capacity desired at this t ime.  The flask was
made of thick glass which could easily be cleaned chemically,
but which was not too heavy. The flask was sur rounded  with
Styrofoam for buoyancy.  Design A has an impact type t r i gger
consisting of thin-wall , small-diameter  glass tubing that would
break upon impact with the water after being thrown f rom an
airplane. A parachute  was used with this sampler to insure  a
li ght impact with the water  that would still be hard enough to
activate the t r i gger.  This sampler , like the polyeth ylene bottle ,
depended upon a vacuum inside the sampler to draw in the

0 desired sample of water.  The flapper valve shown in Fig. 2
was used to keep the sample water f rom escaping while the
sampler was being lifted f rom the ocean.

Desi gn B

The des ign of Fig. 3 gave much more stability in
• roug h seas due to the desi gn of a lower center of buoyancy.

The same type of 1-liter fil ter flask was used but inverted
in the sytrofoam buoy. A hole was made in the bottom of
the flask and a rubber  stopper adapted with a long glass tube 0

r1~nning throug h the stoppe r to within an inch of the top of the
flask. This desi gn eliminated the flapper valve of desi gn A.

The t r igger  of design B consisted of a microscope slide
tha t was held to the intake hole by. evacuating the air f rom
inside the flask. The samp ler was dropped f rom an airplane

2
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b y parachute and upon impact with the water su r face  the slide
would break loose and allow a sample of water to be drawn into

• the flask.

B oth types A and B worked reasonably well in the open
ocean. They were stable during fli ght with a parachute. A
liter of water  f rom 6 to 8 inches below the sur f ace  was collected
dur in g operations , and the t r iggers  proved to be about 75%
effect ive.  The ef fec t iveness  of all samplers in this report  was
calculated by dividing the total amount of collected water by the
combined capacity of all the bottles dropped.

THE COOKIE-CUTTER SAMPLER

The cookie-cut ter  sampler shown in Fi gs. 4-6 was desi gned

to provide two new capabil it ies s ought in a sampler. It was
desired to isolate the water  sample f rom the sunlig ht and a gross
tempera ture  change af ter  the sample had been taken. It was
also desired to capture an area of the water  surface before
the t r i ggering action s tar ted.

In place of the fil ter flasks of the previous sampler , a
Thermos bottle was used. The Thermos  bottle isolated
the water sample f r o m  tempera ture  changed and direct
sun light. To capture an area of water sur face  a cookie-
cut te r t ype edge was made of Plexiglas and was fabr icated
arou nd the buoy . This edge , f i r s t  to enter  the water , was
intended to keep the sur face  of the water  f r o m  flowing out
f rom under the buoy when the sampler ca m e in contact

wit h the ocean surface .

The t r i gger ing act ion was quite d i f f e r en t  on this sampler
f rom that of any other prior sampler.  Special spr ing clips
w e r e  used to pinch the rubber  tubing at the intake of the
Thermos  bottle. The clips were  held in this pinching
position by wrapp ing  chemical  f i l ter  paper No. 40 around
the open end. Filter paper has s t reng th  when dry  but falls
apar t  when wet and unde r  tension.  The length of t ime for the

t r i gger  to be activated a f t e r  contact  with the water  was a
f r a c t i o n  of a second.

3
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The cookie-cutter sampler was an airborne sampler and
descended by parachute.  The capacity of the sampler was
1 liter of sample water .

Tests in the Chesapeake Bay pr oved that the cookie -
cutter worked partially according to the design plan. The
sampler was dropped fr om an airp lane . During the drop
time the sampler was observed to be unstable in very windy
weather.  This instability caused the sampler to land on the
water surface in an inverted position at times. Because of
thi s windy weather characteristic , the sampler proved
to be about 60% effective.

THE DEWAR SAMPLER

The Dewar sample r (Fi g. 7) was desi gned as a fast-
descendirg sampler with rap id intake. The fast descent
was achieved by using a small drag chute in place of the
parachute. The drag chute was opened by a static line
f rom the airplane . The samp ler was designed with the
least number of protruding parts to keep f rom slowing it
down while descending to the water surface .  Rapid intake
was achieved by placing a spring clip tri gger , developed
with the cookie-cutter sampler , on the part of the intake
hose f i rs t  to enter the water .

The Dewar sampler had a capacity of about I liter.
It proved to be a strong ly built bottle , able to resist
breakage when hitting the water f rom a low fl ying airplane.
A buoy on the closed end of the bottle prevented the
bottle f rom sinking afte r the water sample had taken the
place of the vacuum inside of the bottle.

Two depths of samples were taken with the Dewar
sampler , one f rom the immediate surface of the water
using the intake desi gn at the left in Fig. 7 , and the
other f rom 6 to 8 inche s below the water surface , using
the intake design at the ri ght in Fig. 7.

4
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The Dewar sampler was tested and found to meet desi gn
requi rements .  The sampler  was found to be about 95%
effect ive .  This type of sampler was used on five field
t r i ps and the sa mpler ’ s per f or mance on th ese t ri ps was
un i forml y excellent.

THE TIMER BUOY SAMPLER

Fi gure  8 show s the design of aFetirned sampler. Two
va cuum bottles w e r e  used on this sampler. One collected
a sample fr om the water  sur face  and the other f rom about
a foot below. This sampler was desi gned to m eet specif ic
ch a rac ter i s t i c s  desired at the part icular  t ime.  One d i f fe rence

of this sampler f ro m the ones previously described w as that
it was not an a i rborne  sampler but wa s ma nual ly placed in

the water.  A second d if f e rence  in this sampler was that

its tr i gger ing  action could be f i red at a prede te rmined  t ime

by the use of an electr ic  t imer  that would close a pair of
contact points.

The tr i gger action of this buoy was quite d i f ferent  from
previous designs.  The spring clip was of the same desi gn ,

but a new method of re leasing the spring clip was used. A
small photographic f lashbulb  was placed betw een the leav es
of the spr ing ,  and a 1- mu  polyeth ylene s t r ip , about 15 cm

long and 1. 5 cm wide , was wound around th e spring le aves

and the  f las h bulb .  Fig u r e  9 show s the tr i g g er in more detai l .

When  the f lashbulb  is f ir ed , the he at of the f lashbulb  mel ts

the polyethy lene , t h e r e b y r e l eas ing  the spr ing  and allowing
the sample water  to flow th roug h the inta ke hose .  Figur e  10

is a schematic drawing of the t r i gger  c i r cu i t .

The t ime buoy was used in the field and the  ef fec t iveness

was calculated to be about 60%. The low e f fec t iveness  was
at t r ib uted to a hi g h up cen te r  of buoyancy and not enoug h
heat f r o m  one f lashbulb  to start  the t r i g g e r  action. Also

th e ti mer u sed on th is  samp ler proved to be e r r a t ic  in its
funct ion as a t ime  m e a s ur i n g  device.  A more reliable t imer

is nec essary .

5
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THE POLYETHYLENE CARBOY SAMPLER

A sampler  that would collect a large  amount  of su r face
wa te r  was necessa ry to sa t i s f y the volume of w a t e r  needed
for ce r t a in  biolog ical t e s t s .  The samp ler was  to be a irbor n e
but it was not n e c e s s a r y  to slow down its descent  when
dropped. A 5-gallon pol y ethylene carboy was modified for
this  sampler.  Pol yeth y lene h ad been used before  as a ma te ri a l
for  a samp ler and its proper ties  were  known. A piece of
wh ite oak , 18 x 15 x 2 cm , w ith a 9 -c m - d i a m e t e r  hole cu t
out of the cen te r  was f i t t ed  on the  neck  of the carboy.  The
top of the cap and pa r t  of the neck were  cut  off , le av in g the
nec k open wi th  a ~ - i / 2  cm r im around  it. The r im was
ti g htened down to the oak board to keep the board f rom r otating
(Fi g. 11). When the samp ler was dropped into the water  the oak
board had Ju st . enoug h buoyancy to keep the opening of the carboy
half under the water  s u r f a c e  (Fi g. 12). Two 1/ a -cm holes were
jus t  unde r the end s of the carboy handles .  The hole on the
under water  side allowed enoug h water  to enter  the carboy
at the hole level so that the carboy , as it was filling pivoted
along the length  axis of the board paral le l  to the water  su r face .
It was important  to pivot the carboy in th is manne r bec ause a
max imum propor t ion  of s u r f a c e  wa te r  would en te r  the ca rboy
under this condit ion.

The e f fec t iveness  of the carboy samp ler proved to be 98%.
This sampler was ve ry  use fu l  under  all type s of ocean conditims.
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S U M M A R Y  TABLE

N A M E  Samp l e r  C h a r a c t e r is t i c  V o l u m e  Per Cent
Collected E f f cct i v en e s~
M i l l i l i t e r s

Pol y e t h y len e  lr l i t e r  w a s h  bot t le , f l e x i b l e  100 to ~ 00 7.~%
Samp le r  s ides

F i l t e r i n g  F lask  1 - l it e r  f i l t e r  f l a sk  wi th  800 to 900 75%
Samp ler  p ar t i a l  v a c u u m

C o o k i e - C u t t e r  I - l i t er  T h e r m o s  bot t le  600 to 700 60%
Samp ler  w i t h  su r f a c e  - w a t e r  c a p t u r e

D e w ar  I - l i t e r  Dewar  bot t le  qu ick  600 to 700
S.’iv p l e r  de scent , r ap id intake

F im er  Buoy a - l it e r  s u r f a c e  and sub -  1700 to  bO%
Samp ler  s u r f a ce  i n t ake  1900

P o l y e t h y le n e  .~0- 1itcr  ocean m i c r o -  19000 to 98%
C a r b oy  o r g a n i s m  c o l l e ct o r  ~ 0000
Samp ler

7
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Fi g. 5 - Bottom view of the  c o o k i e - c u t ter  sampler  
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• Fig. 6 - Clip to be released upon wet t ing  of the paper band
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Fi g.  7 - D cw ar  sam ple r s  
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Fig. 9 - Tri gger  on the t imer buoy sampler
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Fig. 10 - Tr igge r  c i r c u i t  on the t i m e r  buoy sampler
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Fi g. 12 - Polyeth ylene carboy  sampler  while f il l ing  w i t h  w a t er
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