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ABSTRACT: Natural plankton assemblages were incubated with a small piece of silicone. Tygon or 
latex rubber tubing in 200 m1 of culture to determine potential long-term toxic effects of the tubing. 
Drastic decreases in cell numbers and chlorophyll fluorescence indicated that over 95 "h of the 
phytoplankton were killed by the latex rubber tubing in 4 d. Even a 1 mm piece of latex tubing lulled 
-90 % of the phytoplankton. The most resistant specles were Thalassjosira spp. and pennate diatoms. 
Growth of heterotrophic bodonid flagellates was unaffected by small amounts of latex tubing (1 mm) 
and larger pieces decreased growth only marginally. Bacterial numbers decreased ~ni t~al ly,  but 
resistant forms began to grow at the end of the experiment. New unwashed Tygon tubing significantly 
decreased phytoplankton growth rates, but much less than latex tubing. Washing Tygon tubing, by 
pouring as little as 200 m1 of seawater through a 1 m piece of 0.6 cm diameter tubing, removed this toxlc 
effect. No inhibitory effects were found with silicone tubing. Short-term effects of the presence of 
tubing in the culture medium were documented by measuring phytoplankton photosynthetic rates (14C 
uptake) and 3H- thymi~ne  incorporation into bacteria. Latex and unwashed Tygon tubing significantly 
decreased these metabolic rate processes. Tubing effects on zooplankton survival, fecundity and egg 
viability were tested for the copepod Acartia clausii. Latex tubing had the largest effect on these 
parameters followed by Tygon tubing. Silicone tubing exerted no significant effect. 

INTRODUCTION 

During the period of rapid advancement in marine 
phytoplankton culture techniques in the 1950's and 
60's a great deal of effort was focussed on different 
artificial media and their elemental components. 
These studies provided an early realization that certain 
materials used in culturing could be toxic to algal 
growth (Davis et  al. 1953, Doty & Oguri 1959, Dyer & 
Richardson 1962, Ryther & Guillard 1962, Bernhard et 
al. 1966, Brooks 1969, Bernhard & Zattera 1970). In 
subsequent years, over 50 different materials, mainly 
plastics, rubbers, metals and alloys were tested for 
toxicity effects (Bernhard et al. 1966, Bernhard 1977). 
Natural rubbers, some polyvinyl chlorides, and some 
copper-containing alloys were found to inhibit phyto- 
plankton growth (Bernhard et  al. 1966). 

Today many of the obviously toxic materials iden- 
tified in these earlier studies are avoided, especially if 
they would be used in contact with organisms for an 
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extended period of time. Nevertheless, certain of these 
materials find their way into use under a variety of 
subtle circumstances. Latex rubber tubing, for exam- 
ple, has a long history as an internal closure spring in 
Van Dorn and Niskin water-bottle samplers. Short 
pieces of rubber tubing are also frequently used to 
drain water bottles or as outlet tubes for flow-through 
seawater systems. In these applications the user might 
assume that the exposure of the seawater to the poten- 
tially toxic tubing is so brief that the resulting contami- 
nation is negligible. More generally, the user may not 
fully appreciate how toxic the materials can be in brief 
or limited surface area exposure and may therefore 
decide to employ lower cost, but potentially harmful 
materials in large-scale culturing or experimental sys- 
tems. 

Our awareness of and interest in tubing toxicity 
developed during a course on phytoplankton, zoo- 
plankton and bacteria interactions at the Friday Har- 
bor Laboratory during summer 1982. As part of the 
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course, we had intended to study plankton community 
responses to different experimental conditions in 40 1 
plastic bags incubated in situ. Because adequate sup- 
plies of alternative tubing were not a v d a b l e  when we 
began our experiments, we used latex tubing to obtain 
samples from the submerged bags. The total length of 
tubing used was about 2 m with approximately 10 cm 
projecting into the bags. When phytoplankton popula- 
tions rapidly declined in the bags, we  decided to quan- 
tify the toxic effects of latex and other types of tubing 
on phytoplankton, zooplankton and bacteria. 

Most toxicity tests to date have been primarily qual- 
itative, where effects on phytoplankton growth have 
been categorized on a scale from 1 to 5. Only a few 
studies have examined short-term effects on processes 
such as photosynthesis. There have been Limited tests 
using invertebrates such as sea urchin larvae and 
copepods (Bernhard et al. 1966, Bernhard 1977) but to 
our knowledge there have been no studies of the 
effects of contaminants from culture materials on bac- 
terial growth. Toxicity tests have generally been con- 
ducted with phytoplankton cultures in liquid media 
(Blankley 1973, Payne & Hall 1979) although agar 
plates have been used for bacteria and some pennate 
diatoms (Chan et al. 1980). 

In this paper we report the effects of latex rubber, 
Tygon and silicone tubing on natural assemblages of 
phytoplankton, zooplankton and bacteria. The para- 
meters that we used to assess the effects of the conta- 
minants from the tubing were changes in phytoplank- 
ton growth rates and species composition, changes in 
bacterial production, and survival and fecundity of a 
copepod, Acartia cla usii. 

MATERIALS AND METHODS 

Natural phytoplankton growth experiments. Natural 
phytoplankton were collected from a net tow (40 pm 
mesh size) beyond the dock at Friday Harbor, 
Washington. The concentrated sample, which was 
mostly chain-forming diatoms, was filtered through a 
102 pm mesh net to remove large grazers, diluted with 
seawater, and enriched with 75 pM NOs-, 10 pM P04-3 
and 50 pM SiOdA. Subsamples were taken from this 
large stock culture for experiments to examine the 
effect of latex, Tygon and silicone tubing on phyto- 
plankton growth. The latex tubing was supplied by 
Van Waters & Rogers, Seattle, and manufactured by 
Prime Line Industries (formerly Rubber Latex Pro- 
ducts), Reichhold Chemicals Inc., Cuyahoga Falls, 
Ohio. The Tygon tubing was manufactured by Norton 
Plastics and Synthetic Div., Akron, Ohio, and the 
silicone tubing by Nalge Co., Division of Sybron Corp., 
Rochester, New York. All tubing was 0.64 cm I.  D. and 

0.32 cm wall thickness. The condition of the tubing for 
the experiments was either new unwashed (referred to 
as unwashed), new and washed (referred to as washed) 
or 'aged' by soaking or autoclaving (referred to as 
aged). 

To 200 m1 of culture in an Erlenmeyer flask, 0.1 g 
(1 mm) or 0.9 g (1 cm) latex, 0.8 g (1 cm) Tygon, 0.4 g 
(1 cm) silicone or no tubing was added. Cultures were 
grown under continuous fluorescent lighting at 170 pE 
m-2 at -12°C. In vivo chlorophyll a fluorescence 
was measured daily with a Turner model 111 
fluorometer. Viable cells were counted and species 
identified using an inverted microscope, and where 
possible at least 200 cells of each species were 
counted. The slice of unwashed or washed tubing 
remained in the culture during the 5 d experiment. 

A second growth-rate experiment with natural phy- 
toplankton was set up to determine if the toxic compo- 
nents from the tubing could be removed by aging or 
autoclaving the tubing. Slices (1 mm) of latex, weigh- 
ing approximately 0.1 g, were cut and aged by soaking 
in filtered seawater for 1 , 3  or 7 d. Some slices were put 
in distilled water and autoclaved for 20 min. Eleven 
sets of duplicate flasks were set up and 200 m1 of the 
natural phytoplankton stock culture described above 
was added to each flask. In the first 5 sets, a slice (0.1 g) 
of either unwashed, aged 1, 3 or 7 d, or autoclaved 
latex tubing was added to the culture. In the 6th, 7th 
and 8th sets, the culture was poured through a 1 m 
length of either unwashed latex or Tygon tubing, or 
washed Tygon tubing, and collected in a sterile flask. 
The 9th and 10th sets contained a l cm slice of 
unwashed or 1 wk soaked Tygon tubing and the last 
set was a control (no tubing). Fluorescence was mea- 
sured daily for 4 d in order to monitor phytoplankton 
growth. 

Growth of unialgal cultures. Unialgal cultures of 2 
diatoms and 2 dinoflagellates were grown in the 
laboratory to test the toxic effects of different weights 
of latex tubing. Cultures of Skeletonema costatum, 
Thalassiosira pseudonana (clone 3H), Gymnodinium 
simplex and Prorocentrum minimum were obtained 
from the Northeast Pacific Culture Collection, Dept. of 
Oceanography, University of British Columbia, Van- 
couver. Phytoplankton were grown in natural seawater 
collected from the Pacific Environmental Institute, 
West Vancouver. The water was filtered through a 
Whatman GF/C filter and enriched with ES nutrients 
(Harrison et al. 1980). Forty m1 of this seawater was 
dispensed into 50 m1 screw-cap test tubes, and dupli- 
cate tubes were inoculated with one of the 4 test 
species. Washed latex tubing, either 0.01 or 0.1 g, was 
placed in each tube and growth was followed for 1 to 2 
wk by measuring in vivo chlorophyll a fluorescence 
d d y  on a Turner Designs model 10 fluorometer. 
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Cultures were grown at 17OC under continuous 
fluorescent lighting at an irradiance of 80 PE m-2 S-'. 

Measurement o f  photosynthetic rates. Three Erlen- 
meyer flasks, each containing 200 m1 of the stock 
culture of natural phytoplankton, were incubated with 
0.48 g washed Tygon, 0.60 g washed latex or no tubing. 
The culture was incubated at 11 "C at 170 WE m-2 S-'. 

After 2 or 24 h exposure to the tubing, triplicate 10 m1 
subsamples were added to sterile polystyrene culture 
tubes. To each tube, 0.39 pCi of H14C03- (Amersham) 
was added and incubated under the same conditions 
for 2 h. These incubations were terminated by filtering 
the samples through 0.45 pm Mdhpore filters. The 
filters were placed in a scintdlation vial, acid fumed, 
dissolved in ethyl acetate and then counted by Liquid 
scintdlation (Beckman LS 7800). 

Thyrnidine incorporation. The effects of latex and 
Tygon tubing on bacteria were assessed by measuring 
3H-thymidine incorporation rate using the procedure 
of Fuhrman & Azam (1980). Three 5 m1 seawater sam- 
ples from the cultures described in the photosynthetic 
rate experiments were added to stenle polystyrene 
culture tubes. Samples were taken after 2 h exposure 
to the tubing and were incubated for 1 h with 5 nM 3 ~ -  
thyrnidine (NEN; 80 Ci mmol-l). Formahn-lulled con- 
trols were run for each treatment. 

Zooplankton experiments. The effects of latex, 
Tygon, and sllicone tubing on the survival, fecundity, 
and egg viability of contained zooplankton popula- 
tions were investigated using the estuarine copepod 
Acartia clausii. The copepods were collected from Jak- 
le's Lagoon, San Juan Island, Washington and main- 
tained in the laboratory at 15 "C with excess food for 1 
wk prior to the experiment. 

The experiment was conducted in 20 m1 plastic Petn 
dishes which were soaked in filtered seawater for 2 d 
and rinsed with distilled water before use. Ten 
replicates of each of 6 experimental treatments were 
prepared: silicone tubing with food, Tygon tubing with 
food, latex tubing with and without (0.45 pnl filtered) 
food, and controls with and without food. Food con- 
sisted of a relatively dense mixture of the diatom 
Thalassiosira weissflogii and the prymnesiophyte Iso- 
chrysis galbana. Silicone and Tygon tubing were cut in 
doughnut-shaped slivers of 26.8 and 23.8 mg, respec- 
tively. Latex tubing slices were sectioned into cubes of 
3.7 mg. All of the tubing pieces were new and soaked 
in filtered seawater for 8 h before use. 

Three adult female Acartia clausii were placed ini- 
tially in each Petri dish. The dishes were maintained at 
15°C and constant light for 4 d (3 d for treatments 
without food). Adhtional food was not given. At daily 
intervals the contents of each dish were examined for 
numbers of live and dead copepods and numbers of 

eggs produced. Dead animals were removed. Eggs 

were removed and, together with all other eggs pro- 
duced for a given experimental treatment, they were 
placed in a clean Petri dish with filtered seawater and 
no tubing. After 48 h ,  sufficient time for all the eggs to 
have hatched at 15OC (Landry 1975), egg viability was 
determined by examining the dishes for numbers of 
hatched n a u p h .  Rates of fecundity were calculated by 
dividing the number of eggs produced by the number 
of females s u ~ v i n g  the interval between observa- 
tions, i.e. dead animals were assumed to have contri- 
buted nothing to egg production. 

Extraction of  latex tubing and G U M S  analysis. A 
piece of latex rubber tubing (6.5 g) was split 
lengthwise and then cut into 1 cm segments. The 
segments were placed in 100 m1 of 3 O/O NaCl, the pH 
adjusted to 8.3 with Na2C03 and the sample shaken for 
2 h. The tubing was removed and the water extracted 
at pH l 0  with three 15 m1 portions of methylene 
chloride (CH2C12) in a separatory funnel. The pH of the 
aqueous layer was then adjusted to pH 2 and the water 
re-extracted with CH2C12. A solution of 3 % NaCl at pH 

Latex 
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Fig.1. Change in total cell numbers in cultures of a natural 
phytoplankton assemblage containing: 1 cm latex tubing (0); 
1 mm latex tubing (a); 1 cm new Tygon tubing (A); 1 cm 
sllicone tubing (+); control ( X ) .  Error bars represent f 1 SD; n 

= 3 



44 Mar Ecol. Prog. Ser. 34: 41-49. 1986 

Table 1. Number of cells at  the beginning (L) and after 4 d of growth in seawater containing various types of tubing (latex, Tygon 
and shcone)  and various sized pieces (1 mm or 1 cm slice). Some esbmates Include f 1 SD where n = 2 

Species Cell numbers (10' cells I-') 

L Latex Latex Tygon Silicone Control 
(1 mm) (1 cm) ( 1 cm) (1 cm) 

Skeletonema costa turn 
Chaetoceros spp. 
Small Chaetoceros spp. (< l 0  pm) 
Eucarnpia zoodjacus 
LeptocyLindrus danicus 
Thalassiosira pacificus 
Bodonid flagellates 
Nitzschia pungens 
Nitzschia clostenum 
Thalassiosira ro tula 
Th alassioslra nordensholdii 

0.02 
0.04 

Death 
Death 
Death 
0.30 
3.6 

Death 
0.06 
0.44 
0.44 

Death 
Death 
Death 
Death 
Death 
0.04 
2.0 

Death 
Death 
Death 
0.10 

8.3 was also extracted in the same manner. The 
extracts were dried over anhydrous Na2S04 and con- 
centrated in a Kuderna-Danish apparatus to 1 ml. 

The extracts were analysed on a GC (HP 5880 A) 
equipped with a 30 m DB-5 fused silica capillary 
column and an FID detector, temperature-programmed 
from 35 to 290°C at 8°C min-l. The blank showed no 
interfering peaks. 

The acid and base extracts were combined and the 
volume reduced to 0.2 m1 under N2 gas. The combined 
extract was submitted for G U M S  analysis on an HP 
5985A G U M S  with an electron impact ion source. The 
column was the same as for G C  analysis. The oven 
temperature was programmed for 30 to 280°C at 10°C 
rnin -'. The flow rate was 20 cm S-' linear velocity and 
He  carrier gas was used. 

RESULTS 

Drastic decreases occurred in cell numbers in 
cultures of natural phytoplankton containing 1 mm or 1 
cm of latex tubing (Fig. 1). Over a 4 d period most of the 
chain-forming diatoms such as Skeletonema costaturn, 
Chaetoceros spp., Eucampia zoodiacus and Leptocy- 
Lindrus danicus were killed by the presence of 1 cm of 
latex tubing (Table 1). More resistant species were 
Thalassiosira pacificus, 7. rotula, T. nordenskioldii, 
and Nitzschia closterium (Table 1). The most resistant 
plankton were the bodonid flagellates which actually 
increased in numbers. The growth rate of cultures 
containing 1 cm of unwashed Tygon tubing was 
significantly (p  < 0.05) reduced (p = 0.5 d-l) over the 
first 3 d compared to the control (p = 0.8 d-l; Fig. 1). 
The presence of silicone tubing had no significant 
effect on the growth rate of the phytoplankton (Fig. 1). 

All attempts to remove the toxic contaminants from 

TIME ( d )  

Fig. 2.  Changes in relahve fluorescence of a natural phyto- 
plankton assemblage wlth time for cultures containing: 1 mm 
latex tubing aged for various times (see 'Materials and 
Methods') (0); 1 cm of unwashed Tygon tubing (e); culture 
medium passed through 1 m of unwashed Tygon tubing (D); 1 
cm of Tygon tubing soaked in distilled water for 1 wk (a); 
culture medium passed through l m washed (second pass 
through it) Tygon tubing ( X ) ;  control (*). Error bars represent 

f l S D ; n = 3  
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TIME (days)  
Fig. 3. (A) Skeletonema costatum, (B) Thalassiosira pseudonana, ( C )  Gymnodinium simplex, (D) Procentrum minimum. Changes 
in relative fluorescence with time for unialgal cultures containing 0.1 g (m), 0.01 g (o), or 0 g (control) (O), of latex rubber tubing in 

the culture during the growth period, n = 3 

latex tubing failed. Even though the latex rubber tub- 
ing changed color from amber to beige when it was 
aged in seawater for up to 1 wk, or autoclaved in 
distilled water for 20 min, the toxic compounds were 
not removed. The fluorescence of the culture exposed 
to the aged tubing decreased over 4 d (Fig. 2). We were 
surprised to find that even pouring the culture through 
1 m of latex tubing at  the beginning of the experiment 
resulted in decreased fluorescence of similar mag- 
nitude to cultures containing a 1 mm slice of latex. 
When a 1 cm piece of unwashed Tygon tubing was 
placed in the culture, fluorescence was significantly 
decreased compared to the control. However, when a 
1 cm piece of Tygon was soaked in seawater for 1 wk, i t  
caused no inhibition of growth rate but the fluoresc- 
ence of the culture on Day 4 was less than the control. 
Pouring the culture through 1 m of unwashed Tygon 
tubing caused a significant decrease in fluorescence, 
but when another culture was poured through the 
same tubing (i.e. the second pass through it) there was 
no significant effect on fluorescence. 

In laboratory experiments with unialgal cultures, as 
Little as 0.01 g of latex tubing (an order of magnitude 
less than was used for experiments with natural phyto- 
plankton above) resulted in cell death in 5 to 12 d 
depending on the species (Fig. 3). Skeletonema cos- 
tatum and Prorocentrum minimum were the most sen- 
sitive while Gymnodinium simplex was less sensitive. 

In addition to the long-term effects on growth, latex 
and Tygon tubing caused a reduction in photosyn- 
thesis measured over short time scales. When cultures 

were exposed to latex or Tygon tubing for as little as 
2 h, a significant decrease In I4C incorporation was 
observed (Fig. 4). However, if the culture was siphoned 
through a l m long piece of unwashed Tygon tubing 
before conducting the 14C experiment, no significant 
effect was observed in 14C incorporation (data not 
shown). 

Short-term exposure (2 h) to latex and Tygon tubing 
significantly reduced (p < 0.05) 3H-thymidine incorpo- 

Incor- ration by bacteria. The amount of 3H-thymidine ' 
porated (+ 1 SD) by the controls (25 263 i 485 cpm; n 
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Fig. 4. Effect of 1 cm of latex or Tygon tubing placed in 
cultures of natural phytoplankton, on the incorporation of I4C 
(2 h incubations) when cultures were exposed to the tublng 

for 2 or 24 h. Error bars represent + 1 SD; n = 3 
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= 3) was greater than for the latex (7891 ? 424 cpm; n 
= 3) and Tygon (19 092 + 265 cpm; n = 2) treatments. 
The quenching by the samples was identical for the 3 
treatments. Longer-term toxicity experiments (2 to 4 d) 
showed greater numbers of bacteria in latex than in 
control cultures; these cells were also larger (data not 
shown). 

Survival of Acartia clausii was substantially lower in 
the presence of latex and Tygon tubing than with 
silicone tubing or in controls (Fig. 5A). AU copepods 
incubated with latex tubing died within 4 d following 
an  approximately Linear decline with time. Mortality of 
copepods exposed to Tygon was 70 % for the same 
time period and 37 % for control and sihcone tubing 
treatments. Initial survival of the copepods in latex 
treatments without food was similar to the controls and 
was much better than the latex treatment with food 
(Fig. 5B). This suggests that the toxic compounds in the 
rubber may be incorporated more rapidly when the 
copepods feed. After 3 d however, the effects of latex 
tubing on copepod mortality were comparable with 
and without food. 

Fecundity of Acartia clausii was significantly 
reduced by all tubing treatments relative to controls 
with food (Table 2). Of the treatments with food, fecun- 
dity in the presence of latex was most affected: total 
egg production per surviving female was less than half 

that for food controls and similar to controls without 
food. Although short-term survival of the copepods in 
the latex treatment without food was higher than the 
treatment with food, fecundity was markedly reduced. 

From previous studies of Acartia clausii in Jakle's 
Lagoon, a maximum fecundity of about 15 eggs d-' is 
expected at 15°C for late summer-collected females 
(Landry 1978). This level was approached only on the 
first day of the experiment in control containers with 
added food. It is not known why egg production 
declined for all treatments over the 4 d of observation. 
Possible explanations are food limitation or the ad- 
vanced age of the specimens. 

Egg viability of copepods exposed to silicone and in 
controls were comparable (82.7 and 78.1 %, respec- 
tively; Table 2), but in comparison, the Tygon and 
latex treatments substantially reduced egg viability 
(58.4 and 45.6 O/O, respectively). 

The effects of silicone, Tygon and latex tubing on the 
number of nauplii produced by 30 females in each 
treatment over the 4 d period are represented in Fig. 6. 
The reduced production in the silicone treatment rela- 
tive to the control is entirely due to differences in 
fecundity for the first 2 d of the experiment. It is not 
clear why silicone affected egg production but not 
female survival or egg viability. Both the Tygon and 
latex treatments differed from controls in all 3 mea- 

Fig. 5. Acartia clausii. (A) Effects of 
silicone, Tygon and latex tubing on the 
survival of adult females. Percentage 
sunival is based on an imhal 30 indi- 
viduals per treatment. Food was present 
for all treatments. (g) Silicone; (m) con- 
trol; (W) Tygon; (0) latex. (B) Effects of 
feeding (-) versus no feeding (--) on 
the s u ~ v a l  of females in the presence 

(0) and absence (m) of latex tubing 

TIME ( d )  TIME ( d )  

Table 2. Effects of silicone, Tygon, and latex tubing on the fecundity and egg viabihty of the copepod Acartia clausii. Fecundity is 
expressed as mean numbers of eggs produced female-' d-' (SD). 'Total' refers to the cumulative number of eggs produced 
female-' for the period of observation; 3 or 4 d. Percentage viabhty is obtained from the number of nauplii successfully hatching 

from all eggs collected 

Treatment 

Control 
Silicone 
Tygon 
Latex 
Control (no food) 
Latex (no food) 

Day 1 

13.4 (3.3) 
7.3 (1.8) 
8.9 (4.3) 
9.5 (3.4) 
5.6 (2.4) 
5.8 (1.6) 

Day 2 Day 3 

8.4 (4.3) 4.8 (1.8) 
4.3 (3.0) 3.8 (1.5) 
5.3 (3.5) 6.2 (2.6) 
4.2 (4.4) 1.0 (2.0) 
4.1 (1.9) 3.0 (1.7) 
0.7 (1.1) 0.1 (0.2) 

Day 4 Total O/O Viability 

4.7 (2.2) 31.1 (4.8) 78.1 
3.8 (2.1) 19.2 (5.3) 82.7 
3.9 (3.8) 22.2 (9.7) 58.4 

14.6 (5.2) 45.6 
12.7 (3.2) 
6.6 (1.6) 
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Fig. 6. Acarfia dausii. Effects of shcone,  Tygon and latex 
tubing on the number of nauplii produced by 30 females. 
Results represent the cumulative effects of the treatments on 
female survival, fecundty and egg viabhty. (0) Control; (a) 

shcone; (U) Tygon; (H) latex 

sured parameters. Latex clearly had the most toxic 
impact of the 3 tubings tested despite the fact that, by 
weight, 6 to 7 times the amount of sihcone and Tygon 
were used. 

The G U M S  analysis of the latex tubing extract 
revealed that it contained aliphatic saturated hyd- 
rocarbons (CnH2n+2), substituted napthalenes and 
ahphatic fatty acids. Subsequent analysis of the latex 
tubing with Kratos MS-80 RFA G U M S  suggested that 
the toxicity of the latex tubing was probably due to 
penta and tetrachlorophenols found in a ratio of about 
10: l .  Details of other compounds found in the tubing 
are given elsewhere (Eigendorf et al. unpubl.). 

DISCUSSION 

Latex tubing 

Latex tubing was the most toxic to phytoplankton, 
zooplankton and bacteria of the 3 types of tubing that 
were tested. Pieces as small as 0.1 g killed phytoplank- 
ton (algicidal) from natural communities in just a few 
days. Some centric diatoms (e.g. Skeletonema cos- 
tatum, Chaetoceros spp., Leptocylindrus danicus and 
Eucampia zoodiacus) were particularly sensitive while 
other centrics (e.g. Thalassiosira spp.) were noticeably 
less sensitive. Pennate dlatoms (e.g. Nitzscha spp.) 
and bodonid flagellates were the most resistant organ- 
isms. When natural phytoplankton cultures containing 
1 mm of latex tubing were left for 14 d ,  Nitzschia spp. 
completely dominated the cultures at the end of this 
time period. These observations agree generally with 

results on the toxicity of a mixture of heavy metals to a 
natural phytoplankton assemblage. In these studies 
Thalassiosira spp. and Nitzschia spp. were found to be 
more resistant to the metal mixture than Chaetoceros 
spp. (Holhbaugh et  al. 1980, Thomas et  al. 1980). 

We knew from previous reports that latex tubing was 
toxic (Davis et al. 1953, Dyer & &chardson 1962, Bern- 
hard & Zattera 1970) but we did not realize that it was 
extremely toxic u n l l  we saw the results of our experi- 
ments. It was surprising to find that even a piece as 
small as 0.01 g in 40 m1 of seawater killed cells and 
especially that pouring seawater through a length of 
tubing 1 m long rendered the seawater toxic. Attempts 
to remove the contaminants by soaking or autoclaving 
the tubing in water were unsuccessful. This suggests 
that the compounds are very toxic in small quantities 
and that they are only slightly water-soluble and con- 
tinue to leach out of the tubing for long periods. 

The G U M S  chromatogram of extracted compounds 
indicated the most likely compounds causing the tox- 
icity were penta and tetrachlorophenols. The toxicity of 
these compounds is well known (Cantelmo & Rao 1978, 
Huber et  al. 1982), but we were surprised to find them 
in tubing since they are usually associated with wood 
products such as plywood. In these products, these 
compounds are used as a wood preservative, insecti- 
cide and herbicide (Poole et  al. 1978). Recent investi- 
gations with latex rubber gloves have shown that the 
hydrophllic fraction of the latex contains compounds 
which are skin imtants (Adolf & Hecker 1984, Shmu- 
nes & Darby 1984). Other studies have shown that latex 
rubber tubing and rubber stoppers contain large 
amounts of zinc and smaller amounts of copper 
(Robertson 1968, Bernhard 1977, Bogden et  al. 1983). 
Since our seawater was enriched with a nutrient 
enrichment solution containing EDTA (EDTA: trace 
metals = 1.6), it is unlikely that the toxicity was due to 
heavy metals such as zinc because the excess EDTA 
should have chelated the zinc rendering it non-toxic. 

There are different manufacturers of latex tubing 
(e.g. Reichold Chemicals Inc., Kent Latex Products, 
Oh10 and N u  Lat Industnes, Israel) and the tubing is 
advertised under different descriptions. Most com- 
monly it is referred to as natural latex tubing, amber 
rubber tubing, or surgical rubber tubing. The most 
common manufacturer is Reichold Chemicals Inc. and 
their tubing is distnbuted by Van Waters and Rogers, 
Sargent-Welch, Thomas Scientific, and Fisher Scien- 
tific. Some tubing is described as non-toxic (e.g. Nir 
Lat Industries, Israel) but we did not test this tubing. 

To our knowledge, the toxicity of latex tubing has 
been tested on only 2 invertebrates: a copepod, Euter- 
pina acutifrons, and sea urchin larvae, Arbacia h u l a ,  
(Bernhard & Zattera 1970, Bernhard 1977). These 
studies found that materials such as  natural rubber and 
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PVC tubing which were very toxic to algae were less The effect of Tygon on the survival time of the 
toxic to the copepod and not toxic to sea urchin larvae, copepod Euterpina acutifrons has been studied and 
Toxicity was tested in terms of survival time for adult was found to exert no effect (Bernhard & Zattera 1970). 
copepods in their experiments. In our experiments This is in contrast to our results with A. clausii where 
latex tubing decreased the survival, fecundity and egg exposure to washed Tygon decreased survival, fecun- 
viability of the copepod Acartia clausii. SuMval was dity and egg viability. 
lower when the copepods had food, suggesting that the 
tolric compounds may be incorporated more rapidly 
when the copepods feed. Similar observations were 
made by Nassogne (1972) on the copepod Euterpina Silicone tubing 
acutifrons and showed that the food (algae) was an 
important transport vehicle of toxic organic sub- We found that silicone &d not affect phytoplankton, 
stances. zooplankton or bacterial growth or survival. Therefore 

There have been no studies on the toxicity of any of it is the safest but the most expensive tubing to use in 
the common culture materials on bacterial growth and plankton sampling and experimentation. 
production. Our results indicate that bacteria are as Bernhard & Zattera (1970) tested the effect of silicone 
sensitive as phytoplankton. tubing and sllicone glue (SE 1201 translucent) on the 

growth of 2 centric marine diatoms, a dinoflagellate 
and a coccolithophorid. These materials were found to 

Tygon tubing be non-toxic before and after autoclaving. Dyer & 
hchardson (1962) found that sihcone rubber (Dow- 

Tygon is the trade name for polyvinyl chloride tub- Coming Inc.), which was room-temperature vul- 
ing and there are at least 2 grades: regular (R-3603) canized, was inhibitory to freshwater phytoplankton, 
and surgical (S-50 HL). This tubing is generally consi- while silicone tubing (Medical Grade X-30 146) 
dered to be non-toxic to phytoplankton (Dyer & showed no inhibition. There has been a report that new 
Richardson 1962, Bernhard et al. 1966, Bernhard & silicone tubing had no effect on the growth rate of 
Zattera 1970, Justice et  al. 1972, Bernhard 1977) even Anabaena variabilis, but when the tubing was auto- 
though it contains phthalate esters that can contami- claved and used several times it became toxic (Healey 
nate culture media (Kordan 1965, Marx 1972). These & Hendzel 1975). There are no reports on the effect of 
phthalate esters appear to be toxic to phytoplankton sdicone on bacteria and in the only investigation of the 
only at high concentrations (Bernhard 1977). This situ- survival of a copepod, silicone was shown to be non- 
ation might arise where a large amount of Tygon toxic (Bemhard & Zattera 1970). 
tubing is in contact with a small volume of water. One 
early report indicated that exposure to a piece of Tygon 
reduced the photosynthetic rate (14C fixation) of a 
natural assemblage of phytoplankton by 50 '10 (Doty & CONCLUSIONS 
Oguri 1959). Recently, experiments with germlings of 
the seaweeds Fucus spiralis and F. vesiculosis showed From this study, we recommend that latex tubing 
that tubing which appears to be similar to Tygon (Por- should not be used, even incidentally, in any experi- 
tex vinyl surgical tubing Shore 80) affected the growth mental work involving live plankton. Furthermore, we 
rate of these seaweeds, but soaking the tubing before suggest that many historical rate measurements on 
use reduced the inhibitory effect (Schonbeck & Norton plankton samples collected with conventional Van 
1980). These results agree with our observations, that Dorn and Niskin bottles with internal latex springs 
new, unwashed Tygon tubing reduced the growth of might be biased (underestimates) as a result of con- 
phytoplankton but this effect could be eliminated by tamination by the toxic rubber. Tygon tubing, which is 
rinsing the tubing. The inside of Tygon tubing is fre- generally safe, may exhibit inhibitory effects under 
quently dusted to keep it from sticking together (Dyer some circumstances. Bernhard was the first to alert the 
& Richardson 1962). It is possible that this dust might scientific community 20 yr ago to the inhibitory effect 
be the toxic substance since the toxic effect is easily of some culture materials by testing over 50 different 
removed with washing. materials on phytoplankton and zooplankton (Bern- 

The effect of Tygon tubing on bacterial growth and hard et  al. 1966, Bernhard & Zattera 1970, Bernhard 
metabolism has not been studied before. Our results on 1977). However, concern is still being raised today 
3H-thymidine suggest that considerable caution must over the use of toxic materials for the culture and 
be exercised in the use of Tygon tubing in bacterial collection of plankton especially as we attempt to 
studies. study and grow the more sensitive oceanic species. 
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