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Garlon 3A TM and Garlon 4 TM are formulated t r i c lopy r  
herbicides manufactured by The Dow Chemical Company. 
These products are selective post-emergent herbicides 
used for the control of broadleaf vegetation. The use 
of Garlon herbicides for conifer release in coastal 
Br i t i sh  Columbia may resul t  in the unintentional in t ro-  
duction of t r i c l opy r  and i t s  degradation products into 
waterbodies inhabited by salmonids. The objective of 
th is  study was to evaluate the acute t o x i c i t y  of formu- 
lated and technical t r i c l opy r  and i t s  transformation 
products to juveni le salmonids of the Pacif ic Northwest. 

MATERIALS AND METHODS 

The common names of the test chemicals are summarized in 
Table 1. All test materials were supplied by Dow 
Chemical U.S.A., Midland, hichigan. 

A series of 96-h s ta t ic  acute t o x i c i t y  tests was conduc- 
ted from March to June 1986 and March to April 1987 in 
accordance with the protocols of Environment Canada 
(1980) and Buchanan (1982). Under yearl ing juveni le 
Pacif ic salmonids were obtained as f ry in fresh water 
from various Br i t i sh  Columbia hatcheries and used as 
test f i sh ,  (Table 2). 

Before test ing,  all f ish were acclimated to laboratory 
conditions for a minimum period of 2 wk. They were 
reared in f iberglass tanks at an average ambient temp- 
erature of 6oc (range 5-8oc) and were fed a maintenance 
diet  of Oregon moist pel lets.  Fish under test were not 
fed. The average lengths of f ish ,  weights, loading 
densit ies and test  volumes were recorded, (Table 3). 
The loading density and test volume were adjusted 
according to the size of the f ish.  

Ten f ish per concentration were placed in each test ves- 
sel. Observations of f ish mortal i ty were recorded at 24 
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l able 1. Nomenclature of test chemicals 

Common name Chemical name, active ingredient ,  puri ty 

Garlon 3A TM triethylamine of t r i c l opy r ;  36% acid 
equivalent of t r i c lopyr  

Garlon 4 TM butoxyethyl ester of t r i c l opy r ;  48% acid 
equivalent of t r i c lopyr  

Triclopyr butoxyethyl ester of t r i c lopy r ;  99.7% 
ester 

Tricl opyr t r i c l  opyr[ ( (3 ,5 ,6- t r i ch l  oro-2-pyri di nyl ) 
oxy)acetic acid]; 99.2% 
3 ,5 ,6 - t r i ch lo ro -2 -pyr id ino l ;  99.7% 
2-methoxy-3,5,6-trichl oropyri dine ; 99.7% 

Pyri di nol 
Pyridine 

Table 2. Test fish species, ages, and suppliers 

Fish Species Date Age Hatchery 
Obtained (mo) 

Coho sa lmon 05/15/86 1 Capilano Hatchery 
(Oncorhynchus Vancouver, B.C. 

Ki sutcn ) 
Chinook salmon 05/07/86 4-5 Capilano Hatchery 
(0. tshawytscha) 03/04/87 2-3 Vancouver, B.C. 
CITum sa lmon 05/01/86 1 L i t t l e  Qualicum 
(0. keta) Spawning Channel, 

Qualicum Beach, 
B.C. 

04/02/86 0.75 Quinsam Hatchery 
03/03/87 1 . 7 5  Campbell River, 

B.C. 
05/08/86 1 Fisheries/Ocean 
05/12/86 2 Canada Research 

Laboratory, 
Cultus Lake, B.C 

1 Fraser Valley 
Trout Hatchery, 
Abbotsford, B.C. 

Pink salmon 
(0. gorbuscha) 

Sockeye salmon 
(0. nerka) 

Rainbow trout  25/02/86 
(Salmo gairdneri) 

48, 72, and 96 h after introduction. At each observa- 
tion period, the temperature, pH, and dissolved oxygen 
of each test vessel were recorded. A fish was consider- 
ed dead when movement ceased and no further responses 
could be obtained by prodding or moving the animal. 
Fish found dead during the test were removed at each 
observation. Cumulative fish mortal i ty was recorded and 
tile results used for the ca l cu l a t i on  of LC50 values 
based on the "Lethal" computer program developed by 
Stephan (1983). 

The tests were conducted in 35-L glass aquaria. A max- 
imum volume of either 20 or 30 L of dechlorinated Van- 
couver City tap water was used in each vessel, depending 
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Table 3. Average sizes of f i sh ,  weights, loading 
densit ies, and test volumes 

Fish Length Weight Loading Test 
Density Volume 

cm (range) g (range) (g/L) 

Coho 4.0 (3.5-4.5) 0.5 (0.3-0.9) 0.28 
Chum 4.5 (3.9-5.0) 0.5 (0.3-0.8) 0.27 
Chinook 6.8 (5.8-7.5) 2.7 (1.4-3.8) 1.00 
Pink 3.5 (3.4-3.7) 0.2 (0.2-0.2) 0.10 
Sockeye 3.9 (3.5-4.3) 0.5 (0.3-0.6) 0.24 
Rainbow 4.1 (3.7-4.5) 0.7 (0.4-0.9) 0.33 

20 
20 
3O 
20 
20 
20 

on the size of the test f ish .  The test solutions were 
aerated to prevent possible premature f ish morta l i ty .  
Oil free compressed ai r  was bubbled through the water 
column at the rate of 7.5 mL/min/L during the test .  

The star t ing temperature of tile test water was 8oc, and 
i t  s tabi l ised at 14~ after 24 h in the test chamber. 
The test was designed to s tar t  at a lower temperature to 
minimize the shock to f ish from the holding tank where 
the ambient water temperature ranged from 6 to 8oc. 

Chemical qual i ty of di luent water was generally similar 
throughout the study periods of March to June, 1986 and 
~iarch to Apr i l ,  1987. Hardness as CaCO 3 ranged from 
3.25 to 3.81 mg/L during the study periods. Inorganic 
metals were less than the detection l im i t s  (mg/L) for 
most elements, i . e . ,  (< 0.005) for Pb, As, Cr, Cu, Mn, 
Mo, Sr; (< 0.002) for Cd, B, Be, Ti, Zn; and (< 0.02) 
for Ni, Sn. lhe average concentration (mg/L) for the 
other elements was: K (0.13); AI (0.12); Ca (1.2); Fe 
(0.07); Mg (0.10); Na (0.50), and Si (1.10). Dissolved 
oxygen averaged 10.3 + 0.8 mg/L, and pH varied from 5.6 
to 6.0. 

An appropriate amount of each test chemical was dis- 
solved in 25-mL beakers with 10 mL of acetone to ~ t a i n  
the exposure concentrations, except for Garlon 3A "n and 
Garlon 4 TM as both materials contained an emulsif ier 
which readily mixed and dispersed in water. An equal 
volume of acetone was added to the appropriate controls. 
There were six nominal concentrations ranging from 0.30 
mg/L to 1000 mg/L and a control for each test .  

Duplicate 10 mL water samples were collected at random 
from one concentration of each test chemical after the 
30-min aeration jus t  before f ish introduct ion. They 
were analyzed to determine the actual amount of 
chemicals in the test vessels. 

The water samples were prepared and extracted according 
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to the method outlined by Lee et al .  (1986). Ethyl 
acetate was used as the extract ion solvent instead of 
dichloromethane. The ethylated extracts were analyzed 
with a Hewlett Packard Model 5890 gas chromatograph 
equipped with a Ni-63 electron capture detector. The 
residue recovery rates of th is method of analysis 
according to Lee et al. (1986) were greater than 95 %. 

RESULTS AND DISCUSSION 

The analytical results show that the measured concentra- 
tion of each candidate material in the water of the test 
vessels immediately pr ior to f ish introduction was less 
than the corresponding nominal concentration (Table 4). 

Table 4. Concentrations of Test Chemicals in Water 

?est chemical Concentration of 
Test chemical (mg/L) 

Recovery (%) 

Nominal Measured 'k 

Garlon 3ATM 37.0 21.8 59 
Garlon 4 TM 0.75 0.70 93 
Triclopyr ester 1.17 0.98 84 
Triclopyr 1.50 1.00 67 
Pyridine 2.50 1.16 46 
Pyridinol 1.56 1.03 66 

* mean of duplicate samples 

The data suggest that chemical loss occurred and the 
extent of loss appeared to vary for the d i f fe rent  test 
chemicals. A number of factors may have contributed to 
th is  loss, v i z . ,  v o l a t i l i z a t i o n  during the i n i t i a l  
aeration process (Doudoroff et al. 1951); chemical 
degradation via photolysis and hydrolysis (McCall and 
Gavit 1986); reduced so lub i l i t y  of test chemicals (Dow 
Chemical 1981); and glass adsorption of test  chemicals 
(Meehan et al. 1974). 

Because of th is chemical loss, the calculation of the 
24, 48, 72, and 96-h LC50 values for the test chemicals 
was adjusted to the measured concentration (Table 5). 
The results show that the LC5o values changed only 
s l i gh t l y  after 96 h of exposure. The order of increas- 
ing t o x i c i t y  to salmonids is as follows: Garlon 3A TM, 
t r i c l opy r ,  pyridine, pyr id ino l ,  Garlon 4 TM, and t r i -  
c]opyr ester, (Table 6). Triclopyr ester was the most 
toxic test chemical. Both  Garlon 4 TM and one of i t s  
transformation products, pyridinol were equally toxic to 
the salmonids tested. 
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Table 6. Order of increasing t ox i c i t y  to Pacific 
salmonids of test  chemicals 

Test Toxicity 
Chemicals 96 h LC50 

(Mean+S. E.) 

Student " t "  Level of 
" t "  test value S ign i f i -  

cance 

1. Garlon 3ATM 347 + 44 
2. Tr ic lopyr 7.9 u 0.7 
3. Pyridine 3.7 u 0.8 
4. Pyridinol 2.1 u 0.2 
5. Garlon 4 TM 2.0 u 0.2 
6. Tr ic lopyr 0.7 i 0.2 

ester 

5* 1 vs. 5 7.84 < 0.01 
6 1 vs. 2 7.71 < 0.01 
6 5 vs. 6 4.60 < 0.01 
6 2 vs. 6 9.89 < 0.001 
6 
6 (n = no. of f ish species; 

* pink salmon not tested) 

Garlon 3ATM, the amine product of t r i c l o p y r ,  is s i g n i f i -  
cantly less toxic (p < 0.01) to salmonids than Garlon 
4 TM, ester formulation (Table 6). The resul ts show that 
Garlon 3ATM was about 170 times less toxic to salmonids 
than Garlon 4 TM. Within the various salmonid species, 
Garlon 3A TM is more toxic to chum, chinook and sockeye 
salmon t ~ n  to coho salmon and rainbow t rout  (Table 5). 
Garlon 4 IM is s l i gh t l y  more toxic to pink and sockeye 
salmon than to chum, coho, chinook salmon, and rainbow 
t rout .  

Moreover, Garlon 3A TM and Garlon 4 TM are s ign i f i can t l y  
less toxic (p < 0.01) to salmonids than the i r  respect- 
ive active ingredients t r i c l opy r  and t r i c l opy r  ester 
(Table 6). This observation suggests that the emul- 
s i f i e r s  used in formulating these products do not 
increase f ish t ox i c i t y .  

Tr ic lopyr is s ign i f i can t l y  less toxic (p < 0.001) to 
salmonids than t r i c l opy r  ester, (Table 6). This acid is 
about 11 times less toxic to the f ish than t r i c l opy r  
ester. Within species, however, t r i c l opy r  is more toxic 
to pink, chum, sockeye salmon and rainbow t rout  than to 
coho and chinook. 

l r i c l opy r  ester is more toxic to juveni le chum, pink and 
sockeye salmon than to coho and chinook salmon and rain- 
bow t rout  (Table 5). The 96-h LC50 of coho salmon for 
t r i c l opy r  ester is 1.0 mg/L, confirming a recent study 
by Mayes et al .  (1986) who reported that this material 
to be highly toxic to both the juveni le and alevin 
stages of coho salmon. The respective 96-h LC50 values 
were 1.3 and 0.3 mg/L. 

Test resul ts of the two principal transformation pro- 
ducts of t r i c l opy r  suggest that the pyridinol metabo- 
l i t e  is somewhat more toxic to juveni le salmon than the 
pyridine (Table 6). The pyridinol degradation product 
is also as toxic to young salmon as the formulated t r i -  
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clopyr ester, lh is  transformation product is equally 
toxic to al l  species of juveni le salmon. The pyr idine, 
however, is more toxic to pink salmon than the other 
f ive salmon species (coho, chum, chinook, sockeye and 
rainbow t rou t ) .  

Under f ie ld  condit ions, the concentration of Garlon 3ATM 
in a stream unintent ional ly  oversprayed during an aerial 
operation would not l i ke l y  exceed a level greater than 
10 mg/L in 15 cm water even at the highest recommended 
rate of appl icat ion,  ( i . e . ,  10 kg active ingredient /ha) ,  
except perhaps during an accident. The potential of 
th is  product causing f ish k i l l s  is therefore small when 
i t  is used under prescribed condit ions. However, the 
use of the lower recommended rate of Garlon 4 TM ( i . e  
2.4 kg active ingredient /ha),  has some potential to 
generate toxic concentrations (approximately 4 mg/L in 
15 cm water) i f  the residues are not rapidly di luted and 
flushed out of the aquatic system. 

I t  is doubtful that acutely toxic levels of both the 
pyridinol and pyridine degradation products would occur 
in contaminated streams, as the i r  appearance requires 
the occurrence of certain chemical processes and, in the 
case of the pyridine, an incubation period involving 
microbial ac t i v i t y  (Lee et al.  1986). However, there 
may be potential for sub-lethal effects of t r i c l opy r  and 
i t s  transformation products in sa lmon  waters 
con tamina ted  by Garlon 3A TM and Garlon 4 TM ove rsp ray .  
S tud ies  have shown t h a t  low l e v e l s  of these m a t e r i a l s  
occu r red  in streams f o l l o w i n g  a e r i a l  o p e r a t i o n s  ( N o r r i s  
e t  a l .  1976 and Wan 1986).  The p o t e n t i a l  s u b - l e t h a l  
t o x i c i t y  o f  t r i c l o p y r  and i t s  two t r a n s f o r m a t i o n  
p roduc t s  to young salmon and o the r  aqua t i c  organisms is  
p r e s e n t l y  not  known. 

I0 sum up, th is bioassay stuay indicates that Garlon 
4 IM, the ester formulation of t r i c l opy r ,  is highly toxic 
to salmonids of the Pacific Northwest. In contrast,  
Garlon 3A TM, the amine formulation is considerably less 
toxic to f ish.  Of the two principal degradation pro- 
ducts, the pyridinol metabolite is as toxic as Garlon 
4 TM to juveni le salmonids, while pyridine seems to be 
more toxic to young pink salmon than the other salmon 
species tested. Moreover, th is study suggests ind i rec t -  
ly that the emulsi f iers used for the formulation of Gar- 
lon 3A TM and Garlon 4 L~ do not increase f ish t ox i c i t y .  
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