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A SEAWATER SAMPLING BOTTLE 1 

BY 
R. L. I. F J ARLIE 

Pacific Oceanographic Group, 
Nanaimo, B . C. 

ABSTRACT 

A new type seawater sampling bottle consisting of a tube with hinged lids and a 
frame holding three reversing thermometers is described. The bottle is designed to 
be free flushing, reliable mechanically, and simple to operate. The relative sampling 
efficiency of Nansen, Knudsen, Ekman and new type bottles is compared. 

The earliest seawater sampling bottles, such as those used on the 
first CHALLENGER Expedition, consisted of a simple tube through 
which the water flowed more or less freely (flushed) while it was 
lowered on a sounding line to any desired depth. When in position, 
it was closed by striking a trigger mechanism with a small weight 
(messenger) which slid down the line. With the advent of reversing 
thermometers in 1902, a reversing mechanism was added. 

The most successful bottles are the Nansen (Wiist, 1932), Knudsen 
(Knudsen, 1929) and Ekman (Knudsen, 1923), in which the ther-
mometers are attached to the tube which reverses and closes when the 
trigger is actuated. In the first two, both ends of the bottles are 
attached to the sounding line while they are lowered into position; 
when the messenger strikes the releasing mechanism, the top end falls 
away from the line by its own weight and reverses. There is a common 
objection to them in that the sampling tube is not perfectly sealed 
when the bottle is reversed. Because their flushing characteristics 
are poor they must be left at the sampling depth for some time to 
obtain a true sample. 

In the Ekman bottle the thermometer and sampling tube assembly 
are mounted on pivots in a frame that can be attached to the sounding 
wire at both ends. It has relatively good flushing characteristics, 
and with care the lids on the tube can be maintained leak-proof. 
But t his bottle, though rugged, is very heavy and tiresome to use. 

The ideal water sampler must obtain and preserve a true sample of 
the water at the sampling depth and bring it on shipboard intact. 
This requires good flu shing characteri sti cs when open and a positive 

1 Plans and specifi cations may be obtained at cost fr om the Oceanographer in 
charge, Pacific Oceanographic Group, N anaimo, B. C. 
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Figure I. The seawater sampling bottle. 

[XII , 1 



1953] Fjarl i e: A Seawater Sampling Bottle 23 

seal when closed. Furthermore, once the thermometers have reversed 
they should be locked in position to safeguard the temperature read-
ings. The unit should be fastened to the line at both ends to prevent 
damage against the side of the ship in rough weather, and the ther-
mometer cases should be readily removable so that these instruments 
may be stored properly (Ekman, 1905; Richter, 1950) between ob-
servations at sea. 

THE NEW SEAWATER SAMPLING BOTTLE 
With the requirements of an ideal water sampler in view, a new 

bottle has been designed (Fig. 1) to incorporate as many of these 
features as possible. The design was commenced in 1949 and the 
prototype of the present bottle was first used in January 1950. Since 
then the design has been modified six times. It is presented here as a 
unit which has proved dependable, easy to handle, and capable of 
obtaining true samples and temperatures. 

This sampling bottle consists of a light metal tube with hinged lids 
on each end which are co-ordinated with a rotating frame that holds 
three reversing thermometers. The tube is clamped to the sounding 
line at the top and is hooked at the bottom end, similar to the Ekman 
bottle. A device below the bottle for releasing a messenger when it 
closes allow·s any number of units to be used in series on the line. The 
major features which have been designed into the bottle permit unre-
stricted flow of water through it when open, a positive seal when the 
lids are closed, and complete mechanical reliability. 

The free flow of water through the bottle has been facilitated by 
mounting the operating springs outside on the lid hinges and by pro-
viding large openings at the ends of the tube. The only impediment 
to flow is a ¼ inch diameter axle which passes transversely through the 
center of the tube to support the reversing thermometer frame. 

The tube is sealed by flexibly mounted lids which carry a rubber 
gasket (Fig. 2). The flexibility of the mount allows the lid to adapt 
itself to the end of the bottle in case the hinge bar becomes bent in 
service, and the metal rim which forms the seal with the gasket has 
been slightly recessed inside the bottle to prevent damage. 

A flexible cable forms the link between the lids and the reversing 
thermometer frame so that when the frame is rotated it also opens 
both lids against the springs. A lock is provided to prevent accidental 
opening with consequent loss or contamination of the sample and 
errors in the thermometer readings. A removable case holding three 
thermometers locks to the reversing frame with two spring catches. 

The bottle has an eye welded to the tube at each end so that it can 
be hung upright on a hook before the thermometers are read and up-
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side down after the sample is drawn and temperatures are recorded. 
In this way the reversing thermometers can be kept in the appro:ve_d 
storage position (Richter, 1950) while they are still on the bottle~ if it 
is not convenient to transfer them to a separate rnck. In practice, a 
wooden case fitted with hooks serves as a bottle rack on deck and as a 
case for shipping. 
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Figure 2. Detail o! lid construction on the seawater sampling bottle. 

The weight of the new bottle (7.3 lbs.) compares favorably with that 
of the Nansen bottle (7.7 lbs.) and its weight is the same as that of the 
Knudsen bottle. It is much lighter than the 17-po~nd Ekman bottle. 

The messenger; a "split" type, is cast in two pieces of manganese 
bronze which are held together under tension by a heavy piece of 
rubber. The messenger is pushed onto the line and pulled off , but it 
has no tendency to fall off or to become jammed. 

In use, the bottle is first atta~hed to the sounding line by a spiral 
hook at the lower end (Fig. 3A) and then clamped at the top (Fig. 3B). 
The plunger which locks the thermometer frame is released and the 
lids are opened by rotating the frame 180 degrees until it engages the 
trigger (Fig. 3C). The messenger is then attached to a spring loaded 
plunger that bears against the lower hinge bar (Fig. 3D), and finally 
the messenger is fitted to the line. 

Every attempt has been made to reduce the number of motions 
required. The hook at the lower end is positioned so that the move-
ments used in attaching and detaching the bottle from the line are 
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Figure 3. Attaching the bottle to the sounding line. 
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those which would naturally be used in moving the bottle to or from 
the wire. The bottle is designed so that it can be held in the left 
hand while the right hand performs the more complicated motion of 
screwing up the damp, which has a large wing nut to attach it securely 
to the line with reasonable effort. Both lids are opened and the ther-
mometers are reversed in a single motion. The messenger is attached 
after this action is completed so that the operator does not have to co-
ordinate two moving parts. 

FLUSHING EFFICIENCY-A COMPARISON WITH OTHER 
SEAWATER. SAMPLING DEVI CES 

In a single experiment the relative efficiency of the N a11sen, Knudsen, 
Ekman and Fjarlie bottles was investigated in water having a moder-
ate salinit y gradient. Strings consisting of four bottles of each type, 
attached at two-meter intervals, were hung side by side from a bar 
suspended from the main cargo boom of H. M . C. S. CEDAnwooD, the 
end of which was high enough above the sea to all ow all of the bottles 
to be in the air at once. With bottles open and messengers attached, 
the four strings were lowered into the water, and at a measured ti me 
from immersion of the uppermost bottle, messengers were dropped on 
each li ne simultaneously. The bottles were then hauled up and the 
samples were drawn. This procedure was repeated to obtain samples 
after a submersion time of 0, ½, 1, 1½, 2, 3, 4, 5, 6, 9, 11 and 15 
minutes, the different intervals being observed in random order 
(Table I ). 

It is believed that this method of sampling makes it possible to 
estimate the time required for a bottle to flu sh completely by com-
paring the salinity of the samples taken. Ideally, the time required 
for complete flushing of all bottles is the t ime from which they are 
submerged until all bottles at the same depth have identical samples. 
In this experiment an arbitrary reference salinit y for each cast was 
obtained by choosing the maximum salinity at each depth, regardless 
of the type of bottle from which it was drawn. If the salinity as 
shown by one bottle was less than the reference salinity at the same 
depth, it was assumed that some water of a lower salinity had been 
tra~J?ed in the bottle and had been carried down with it to the sampling 
pos1t10n. 

To evaluate the relative efficiency of the different bottles the area 
between the referencr salinity rurYe and the curve shown by 'each type 
of bottle was measured for the vanous submersion t.imes. It was 
assuI?ed that, as this area approached zero wi~h longer "soaking," 
flushmg became more complete. Thus, the efficiency is measured by 
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TABLE I. THE SALINITY (
0 /oo) OF SAMPLES TAKEN SIMULTANEOUSLY IN FOlJR 

TYPES OF SEA SAMPLING BOTTLES AFTER VARIOUS INTERVALS OF IMMERSION 

Type of Boule 
Depth Fjarlie Nan.,en Knudsen Ekman 

(m) 

0 Minutu Immersion 

0 23.35 23.39 23.33 23.31 
2 23.42 23.33 23.35 23.37 
4 24.43 23.57 23.64 24.30 
6 24.69 24.78 25.48 

½ Minute Immersion 

0 23.93 23.90 23.93 23.90 
2 24.16 24.00 23.90 23.95 
4 24.36 24.42 24.78 
6 25.62 24.90 25.55 25.64 

1 Minute Immersion 

0 24.40 24.27 24.29 24.29 
2 24.29 24.30 24.30 24.29 
4 25.30 24.74 25.01 25.28 
6 25.68 24.69 25.52 25.68 

1½ Minutes Immersion 

0 23.98 24.50 23.98 24.02 
2 24.20 24.14 24.16 24.16 
4 24.81 24.61 24.69 24.81 
6 25.81 25.52 25. 73 25.80 

2 Minutes Immersi on 

0 24.36 24.38 24.40 24.40 
2 24.51 24.45 23.87 24.47 
4 25.35 25.16 25.39 25.41 
6 25.59 25.50 25.59 25.57 

3 Minutes Immersion 

0 24.02 24.00 24.02 24.00 
2 24.00 24.04 24.00 24.04 
4 24.92 24.61 24.92 24.94 
6 25.75 25.53 25.73 25.72 

4 M inutes Immersion 

0 23.60 23.69 23.71 23.69 
2 23.73 23.71 23.73 23.74 
4 24.34 24.05 24.18 24.34 
6 25.59 25.48 25.57 · 25.57 



28 Journal of Marine Research [XII, 1 

the area between the curves and the time required for them to approach 
zero. For discussion purposes, the units of area have been called 
"Salinity Meters" (S. M.). 

The data are shown in Table I. The salinity profiles for a submer-
sion time of O minutes are shown in Fig. 4, together with the reference 
profile. 

TABLE !.-Continued 

Type of Bottl 
Depth Fjarlie Nansen Knudsen Ekman 

(m) 

5 Minutes Immersion 
0 24.14 24.13 24.11 24.05 
2 24.11 24.13 24.11 24.14 
4 24.47 24.38 24.31 24.47 
6 25.73 25.64 25.72 25.72 

6 Minutes Immersion 
0 24.11 24.18 24.11 24.11 
2 24.22 24.27 24.27 
4 24.76 25.16 24.69 25.10 
6 25.82 25.84 25.82 25.84 

9 Minutes Immersion 
0 23.59 23.66 23.62 23.57 
2 23.69 23.62 23.71 23.68 
4 24.45 24.54 24.61 24.50 
6 25.55 25.61 25.62 25.62 

11 Minutes Immersion 
0 24.18 24.07 24.11 24.11 
2 24.22 24.25 24.27 24.27 
4 24:58 24.54 24.52 24.60 
6 25.81 25.81 25.80 

15 Minutes Immersion 
0 23.48 23.44 23.38 23.44 
2 23.48 23.51 23.50 23.55 
4 24.09 25.10 25 .37 25.39 
6 25.64 25.72 25.62 

The relative efficiency of the four types of bottles is shown in Fig. 5. 
The variation in the data, about 0.25 S. M., becomes approximately 
constant after nine minutes submersion time. The data for the six 
and 15 minute intervals are not consistent with the remainder of the 
series and cannot be explained from the records of the experiment. 
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Figure 4. The salinity of samples taken simultaneously In the four types of bottles after 
zero minutes submersion. 

Despite these anomalies, the relative efficiencies are clearly indicated. 
In these waters, where the salinity (and consequently the density) 
gradient was moderate, the samples in the new bottle apparently were 
in equilibrium with the surrounding waters immediately, those taken 
in the Ekman bottle after one-half minute, the Knudsen samples after 
two minutes, the Nansen bottle samples after five minutes "soaking." 
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Figure 5. Deviation of the salinity in each type of sample bott.le from the reference value. 
Efficiency varies inversely with the deviation. 
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When a bottle is being lowered, flushing results from the velocity 
head in the fluid at the end opening; after the bottle is in position the 
lighter water, entrapped and carried down in the lowering, will float 
out and be replaced by the denser surrounding water. During the 
lowering, when the velocity is greatest, small end-openings and 
internal obstructions cause a flow resistance which is most effective in 
retarding the flushing, but it is also effective in retarding the hydro-
static flushing when the bottle is in position. 

The data in Fig. 5 show that the efficiency is proportional to the 
effective size of the end-openings and to freedom of flow through the 
bottles. While the end caps on the Ekman bottles undoubtedly 
retard free flow, equilibrium is quickly attained (½ minute) because 
of the large openings and an unobstructed tube. The end-opening 
of the Knudsen bottle is of fair size, but it is partially obstructed by 
the internal spring, which also occupies a large percentage of the cross 
section area in the narrow bottle. The stopcocks on the Nansen 
bottle constrict the end-openings so much that flushing requires more 
than twice the time of any other bottle. 

The bottle described here approaches the postulated requirements 
more closely than any of the bottles designed previously, and it is 
believed to be an acceptable improvement. 
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