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INTRODUCTION 

In 1947, researchers in the Bureau of Reclamation, Ag- 
ricultural Research Service Cooperative Weed Control 
Program at Denver, Colorado discovered that short ex- 
posures of certain emulsified aromatic hydrocarbon 
solvents were effective for killing the foliar portions of 
submersed aquatic vegetation [l I I. Field trials showed 
that these solvents were effective and economical for 
controlling aquatic weeds in irrigation systems [2, 
31. Further studies on the chemical and physical char- 
acteristics of the most effective aromatic solvents 
showed that the principal active ingredient was xylene, 
(C6H4 (CH3)2 1. To obtain consistency in the quality 
of solvents purchased, a grade B xylene was eventually 
recommended to replace the mixtures of solvents pre- 
viously used for weed control [41. 

One of the early concerns about the use of aromatic sol- 
vents was the potential toxicity to crops irrigated with 
the treated water. Researchers at ARS (Agricultural 
Research Service) stations conducted studies in the west- 
ern United States to determine the effects of various 
concentrations of xylene-treated water on several fur- 
row-irrigated crops. The study showed that water con- 
taining xylene at the maximum concentration recom- 
mended for aquatic weed control which is IO gallons per 
cubic foot per second or for 30 to 60 minutes, could 
be used for furrow irrigation without injury to a wide 
variety of crop plants. Treated water could also be 
used for flood irrigation if submersion of foliage is 
limited. Alfalfa, red Mexican beans, carrots, cotton, 
grain sorghum, ladino white clover, lettuce, lima beans, 
wheat, oats, orchardgrass, potatoes, sugarbeets, and 
sweet corn, crop yields were not reduced by irrigation 
with water containing the above concentrations of xy- 
lene. However, concentrations twice the maximum rate 
injured young plants. 

Recently the effects of sprinkler irrigation with xylene- 
treated water has been tested [71 at concentrations of 
370,740, and 1,480 p/m (parts per million, by volume) 
xylene applied equivalent to 2 acre-inches of water to 
six crop plants: alfalfa, tomato, dwarf corn, squash, po- 
tato, and field beans. The 370 and 740 p/m concentra- 
tions were each applied to the crop plants three times 
and the 1,480 p/m concentrations and the control 
(untreated water) were applied once. The investigations 
concluded that sprinkler irrigation with xylene-treated 
water at these concentrations did not significantly im- 
pair the growth and development of farm crops or de- 
crease yields. 

1 Numbers in brackets refer to the bibliography at the 
end of this report. 

Little information was available, then, on xylene con- 
centrations likely to be found in irrigation water at the 
fields and drains following its application for weed con- 
trol in canals. Xylene-treated water in several canals 
throughout the western U.S. was monitored to deter- 
mine the concentrations of xylene that remained in the 
water as it moved down canals and laterals, through 
the head ditches onto crop land, and finally into return 
flows. 

It was also recognized during early research that xylene 
was extremely toxic to fish and that it was not an 
acceptable herbicide for use in domestic water supplies. 
As the volume of xylene used for aquatic weed control 
continued to increase, questions arose concerning its 
possible adverse ecological effects, in particular, the 
consequences of allowing xylene-treated water to enter 
habitats that support sport fisheries. 

Little was known about the toxicological effects of 
either occasional brief exposures of fish to high concen- 
trations of xylene or of prolonged exposures to low 
concentrations. Therefore, studies were begun in 1972 
with rainbow trout, Salmo gairdneri, to determine the 
toxicity of xylene, the rate of residue uptake and elimi- 
nation, and the potential effect of the chemical, causing 
off-flavor in fish flesh. The trout were exposed to xylene 
in artificial streams (flumes) at the Bureau of Reclama- 
tion Aquatic Weed-Fish Research Test Facility, Carter 
Lake, Colo. Results of the fish mortality test were re- 
ported at the 1974 meeting of the Weed Science Society 
of America 161. 

SUMMARY 

Rainbow trout were exposed continuously in artificial 
streams to average xylene concentrations of 0.36, 0.74, 
and 1.3 p/m for 56 days, and to 0.64, 3.6, 7.1, 16.1 
and 25.6 p/m for 2 hours. All fish exposed to concen- 
trations of 16.1 and 25.6 p/m for 2 hours were killed. 
The 96-hour LC50 (LC50 being the median lethal con- 
centration as explained later) for xylene was estimated 
to be 13.5 p/m. Exposure to 3.6 and 7.1 p/m xylene 
for 2 hours caused symptoms similar to anesthesia. Re- 
covery of the fish appeared to be complete after a short 
time in untreated water. 

Continuous exposure of rainbow trout to xylene con- 
centrations of 0.36,0.74, or 1.3 p/m for 56 days caused 
a significant off-flavor in fillets. Degree of off-flavor 
was directly correlated with xylene residues as detected 
by gas-liquid chromatography, and disappeared within 
2 or 3 days after the fish were placed in untreated 
water. 



Xylene used for control of aquatic weeds in irrigation 
canals dissipated, as treated water moved through the 
canal. The initial concentrations of 548 to 760 p/m de- 
clined to below an average of 100 p/m after the water 
had traveled 10 miles and a booster application of 277 
to 412 p/m extended the effective concentration an 
additional 3 to 4 miles downstream. In furrow irriga- 
tion, xylene concentrations decreased once the treated 
water reached the fields, and they declined to undetect- 
able amounts by the time the treated water left the 
field. The negligible level of xylene (< 0.2 p/m) that 
entered return flows of irrigation water was insuffi- 
cient to kill fish, produce off-flavor, or degrade water 
quality. 

APPLICATIONS 

Rainbow trout may be killed by exposure to xylene 
concentrations over a 2-hour period exceeding 7.1 to 
16.1 p/m and concentrations of about 3 p/m cause 
themto lose equilibrium. A concentration of 0.1 p/m 
has been experimentally shown to cause avoidance of 
young rainbow trout [19]. In the few instances where 
fisheries in canals require protection, xylene concentra- 
tions in the water should not exceed 1 p/m for more 
than 2 hours. Longer exposure may result in off-flavor 
in the fish. Since applications at low rates are not prac- 
tical for effective aquatic weed control, treatments with 
emulsified xylene are not compatible with the mainten- 
ance of a fishery in canal waters. Direct return flows of 
irrigation water to rivers, streams, and other aquatic 
habitats containing desirable fish should also not con- 
tain more than 1 p/m of xylene immediately down- 
stream from the discharge. EPA (Environmental Pro- 
tection Agency) pesticide labeling of xylene as an herbi- 
cide permits 10 p/m residues in water. However, find- 
ings in the present study indicate that concentrations 
as high as 10 p/m should be reduced or diluted to be- 
low 0.2 p/m before the residues reach fish populations. 
The negligible quantities of xylene (< 0.2 p/m) that 
may remain in treated irrigation water after passing 
through irrigation fields and into return flows should 
not adversely affect fisheries. 

MATERIALS AND METHODS 

Xylene Treatments to Rainbow Trout 

Test Facility. - The study was conducted at the Bureau 
of Reclamation Aquatic Weed Research Station (fig. 1) 
located east of Dam No. 1 on Carter Lake, about 7 
miles west of Berthoud and 45 miles north of Denver, 
Colo. This facility was described in a previous labora- 
tory report [8]. The two flumes, or artificial streams, 
are separated into five sections, each 150 feet long. 

The first section has a concrete bottom and is used for 
holding stocks of fish used for research, while the other 
sections have concrete sides. Each section provides a 
stream type habitat for fish and endemic invertebrates. 

Water for the test facility is seepage from Dam No. 1 on 
Carter Lake. It is occasionally supplemented with water 
from the St. Vrain Supply Canal, which transports wa- 
ter from Carter Lake. Water flows were maintained at 
0.5 to 1.0 ft3/s throughout the study. Water quality 
determinations [91 indicate that the seasonal value for 
pH ranged from 7.9 to 8.7; ranges of chemical charac- 
teristics (p/m) were TDS (total dissolved solids), 11 l- 
144 p/m; CO3, O-8 p/m; HC03, 67-94 p/m; and S04, 
4.1 - 7.8 p/m. The dissolved oxygen values of the wa- 
ter were continuously at or just below saturation. Water 
temperatures varied between 48” and 52°F. 

Fish. - Test fish were rainbow trout, Salmo gairdneri, 
supplied from the Hotchkiss, Colo., National Fish 
Hatchery. At stocking, the fish were 238 + S.E. (stand- 
ard error) 53 mm in forked length, weighed 165 f 8.6 
gm and were in good condition (average condition fac- 
tor = 1.09) when delivered to the facility on August 3, 
1972. The required number of fish were placed in the 
testing sections of the flumes about 2 weeks before 
xylene exposures started. 

Xylene and emulsifier. - Xylene used in this study was 
an industrial grade material similar to that purchased 
for aquatic weed control programs by the Bureau of 
Reclamation. The xylene used is equivalent, or better 
than, grade B covered in Federal Specifications TT-X- 
916 [IO] , and are the same specifications as the xylene 
used in organic coatings. About 1.1 to 1.5 percent by 
volume of an emulsifying agent was dissolved in the 
xylene to provide good dispersion when added to wa- 
ter. These emulsifying agents had been proven suitable 
for this purpose through laboratory tests [ 181 and field 
use. 

Exposure. - The trout were exposed to average xylene 
concentrations of 0.36, 0.74, and 1.3 p/m for 56 days 
in one flume;andto0.64,3.6,7.1, 16.1,and25.6p/m 
for 2 hours in the other flume. These concentrations 
were confirmed by GLC (gas-liquid chromatography) 
analyses of water samples collected during the treat- 
ments. Because water flowed from the first section 
through each succeeding section of flume, xylene solu- 
tions were added at each downstream section to main- 
tain the desired concentrations. The first section of each 
flume held the untreated control fish. 

Before the tests were started, the flourescein dye that 
was added to each flume showed that the distance re- 
quired for complete mixing was within the first 25 feet 
in each section. Therefore, screens were inserted at this 
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Figure 1.-Aquatic Weed Test Station, Carter Lake, Colo. The two artificial streams (flumes) are shown that were used during
the 1972 xylene study. The flume on the left was used for the 56-day exposure, the flume on the right was used for the
2-hour exposure, while the area between the flumes is for waste water. The arrow shows the water bath containing the
Mariotte bottle for constant metering of xylene. Each section is separated by a drop structure, as indicated by the water
flowing over the head-boards on each flume. Photo PBO1-D-76762

point in each section to restrict movement of the trout
and prevent their exposure to unmixed xylene.

ml of 95 percent ethyl alcohol for 1 minute. The mix-
turewas rinsed into a 1-litre round bottomed flask with
30 mi of 95 percent ethyl alcohol. The mixture was
distilled, and 60 ml of distillate were collected and
added to a 125-ml separatory funnel containing 70 ml
of distilled water, 5 ml of carbon tetrachloride, and 0.5
ml of concentrated hydrochloric acid. The mixture was
then shaken for 2 minutes; the phases were allowed to
separate, and the carbon tetrachloride layer was trans-
ferred to a 60-ml separatory funnel. Distilled water ( 1
ml) was added and the mixture shaken for 1 minute.
The carbon tetrachloride was transferred to a vial for
quantification by G LC (gas liquid chromatogy). The
analysis of tissue samples spiked with 14C-Iabeled xy-
lene yielded a 92-percent extraction efficiency.

A water bath using flume water was constructed for
each Mariotte stock bottle to maintain consistent hydro-
static pressure and temperature of the stock solution
(fig. 2). Long term applications were made by dripping
the xylene and emulsifier solution from a Mariotte stock
bottle through Teflon tubing fitted with a 22-gauge
hypodermic needle. Desired concentrations were main-
tained by changing the solution quantities of flow by
adjusting the relative elevation difference between the
bottom of the air tube needle (fig. 3).

Emulsified xylene in water used for short term 2-hour
exposures was applied from a 5-gallon pressurized can
from an overhead constant head tank (fig. 4). The analyses of fish were conducted with a Beckman

Model GC-72-5 gas chromatograph equipped with a
flame ionization detector. The column was stainless
steel 12 ft by 1/8 in, packed with acid-washed, 60 to
80 mesh Chromosorb W, deactivated with dimethyl-
dichlorosilane, and coated with a combination of 5-

Analyses of xylene residues. -The fish were analyzed
for xylene residues in the fillets by using the methods
of Benville [11] .Fish fillets, (20 g). were homoge-
nized with 40 9 of anhydrous sodium sulfate and 50

3



Figure 2.-Water bath and Mariotte bottle (long term). This was used to deliver predetermined volumes of emulsified xylene for 
56 days. The vertical distance between the bottom of the air tube inside the bottle (shown by arrow) and the needle tip 
regulated the flow of xylene. Photo PgOl-D-77455 

Figure 3.-The Mariotte bottle used to deliver predetermined volumes of emulsified xylene (long term). The needle attached to 
the Mariotte bottle with Teflon tubing protruding through the small hole near the bottom of the box allowed calibration 
after constant temperature was attained. Photo PgOl-D-77456 
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a. The xylene arid emulsifier in the
overhead constant head bottle was
dripped into the water to provide the
desired concentrations. Photo
PSOl-D-774S7

Figure 4.-Methods used to apply xylene for the 2-hour exposure

5

b. The emulsion of xylene in the 5-gallon container was pressurized to maintain the required dosage rate. Photo
P801-D-77458



percent Bentone 34, and 5-percent diisodecyl phthalate 
[12]. The column, injector, and detector temperatures 

were adjusted to 80, 155, and 140°C, respectively. He- 
lium, hydrogen, and air flows were 100, 45, and 300 
cm3 /min, respectively. 

Water samples were taken at the 1st. 3rd, 7th, 14th, 
and 56th day during the continuous exposure of trout 
to xylene and at 0.5, 1 .O, and 1.5 hours during, and 1 
and 24 hours after the 2-hour exposures. The samples 
were collected, extracted:, and analyzed by methods 
described by Frank 1131. 

Toxicity tests. - The acute toxicity of xylene, xylene 
plus Emcol AD-410 emulsifier, and Emcol AD-410 
alone were determined at the US. Fish and Wildlife 
Service, Fish-Pesticide Research Laboratory, Columbia, 
MO, The toxicity tests were conducted with rainbow 
trout weighing 0.9 g. The tests were conducted 
according to the methods of the Committee on 
Methods for Toxicity Tests with Aquatic Organisms 
[141. The LC5O’s and 95 percent confidence intervals 
were calculated according to Litchfield and Wilcoxon 
[ 151. Briefly, LC50 is the median lethal concentration, 
the concentration of toxicant in the environmentwhich 
kills 50 percent of the organisms exposed to it. 

Off-flavor analysis. - Fillets of eight fish from each 
xylene treatment were collected at 1, 3, 7, 14, and 56 
days of exposure and at the end of the 2-hour expo- 
sure. After each fish was weighed and measured, the 
two fillets were removed, wrapped in aluminum foil, 
and frozen. One was used for taste evaluation and the 
other for residue analyses. Off-flavor evaluations of the 
fish were made by personnel of the Sensory Evaluation 
Section of the department of Food Science and Tech- 
nology, Oregon State University. The procedures fol- 
lowed by this evaluation team were described by Shum- 
way [161. Briefly, the procedure included cooking the 
cleaned fish fillet in aluminum foil without seasoning 
at about 21O’C until done (30 to 40 minutes). The fil- 
lets were then served to a panel of tasters. Off-flavor 
and overall desirability were evaluated on a scale rang- 
ing from 0 (very desirable) to 6 (very undesirable). Be- 
cause of the variation in taste from one population of 
fish to another, all of the fish, including the controls, 
were evaluated with reference to a fish with known 
taste characteristics. The reference fish are maintained 
by the Oregon State University’s Averill Fisheries Lab- 
oratory. Data were statistically treated for experimental 
differences by two-way analysis of variance. The rela- 
tionship between the three xylene concentrations in 
water and the resultant residues in fillets were tested 
separately by linear regression analyses of variance. 

The identification of values for individual fish fillets 
was lost during the analyses for off-flavor and residues; 

therefore, the relationship between off-flavor with in- 
dividual residue values was correlated using Pearsons 
Product Moment Correlation Coefficient [ 171. 

Xylene Treatments in Irrigation Systems 

Test Canals. - Operational irrigation canals in several 
western states were used to study the residue dynamics 
and persistence of emulsified xylene in irrigation sys- 
tems, (table 1). The Rock Branch and Cherry Creek 
Laterals in Wyoming, Farmers Ditch in Colorado, and 
the Kennewick Main Canal and W-26 E Lateral in Wash- 
ington were selected for study of xylene concentrations 
in canals. The W-26C, W-35.9D, W-61 F, and PE412 lat- 
erals on the Columbia Basin project in Washington were 
used to determine residues in treated water as the water 
passed from laterals, through furrow-irrigated fields, and 
into return flows, (table 2). The xylene used was the 
same as that previously described. 

Treatments. - Applications of emulsified xylene were 
made by canal operators or research personnel. All 
treatments were similar in that a certain volume of 
xylene, depending on water discharge, plus 1 to 2-per- 
cent emulsifier were injected into the water in less than 
1 hour. The maximum application for aquatic weed 
control was 10 gallons of xylene per ft3/s of water 
flow, the application to be made within a 30 minute 
period. This rate gives a calculated maximum recom- 
mended application concentration of 740 p/m xylene. 
Characteristics of irrigation canals and laterals, and the 
types and amounts of xylene applied to study xylene 
residues in irrigation water and return flows are sum- 
marized in tables 1 and 2. All of the canals were of 
earth construction in the areas studied. A typical xy- 
lene application for control of aquatic weeds in an irri- 
gation canal is illustrated in figure 5. 

Sampling of treated water, - Rhodamine 8 type dye 
was applied at a rate of about 50 p/m to irrigation wa- 
ter at both the start and finish of each xylene applica- 
tion to mark the segment of treated water. Also, addi- 
tional dye was added as needed at downstream points 
to trace the treated water throughout the canals and 
fields. Triplicate water samples were collected for each 
of the sampling times at each station. A 15-ml volume 
of CC14 (carbon tetrachloride) was added to the quart- 
size glass sample bottles before the sample was collected 
so that the xylene could be partitioned into the CC14 
for preservation until extraction and analysis were per- 
formed in the laboratory as described in analyses of 
xylene residues. 

Concentrations of xylene in artificial streams were veri- 
fied by chemical analyses. Post-treatment samples taken 
1 hour after 2-hour exposures showed that the residual 
xylene was below the detection limit of 0.2 P/m. 
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Table 1 .-Characteristics of, and treatment data for irrigation systems 
used to study residues of xylene in irrigation water 

Item 

Normal capacity (ft3 /s) 
Rate of flow (ft3/s) 
Average water velocity (ft/s) 
Length of canal (mi) 
Water temperature (“C) 
Calculated treatment rate 

No. 1 (p/m) 
Booster (p/m) 

Volume of xylene applied 
No. 1 (gal) 
Booster (gal) 

Duration of application 
No. 1 (min) 
Booster (min) 

Emulsifier quantity (% vol./vol.) 
Emulsifying agent’ 
Xylene product3 

T 
Farmers Farmers 

Ditch Ditch 
I O-l 2-67 1 O-l -69 

25 25 
11 15 
- 1.3 
- 9 
- 12 

577 
- 

100 
- 

35 
- 

2 
E 

600 
- 

150 
- 

37 
- 

2 
E 

Irrigation systems and date of treatment 

Cherry Rock Kennewick 
Creek Ranch Main 
Lateral Canal Canal 

9-29-67 7-15-69 7-16-68 

- 
13 
- 
- 
- 

555 
- 

120 
- 

37 
- 

2 
E 

- 
58 

1.4 
10 
20 

548 
- 

430 
- 

30 
- 

2 
E 

r Flow at point of booster application. 
2 E = Emcol AD-410; CH = Chapcol 142 
3 cy = cyclosol 31 

Table 2.-Characteristics of, and treatment data for laterals 
used to study xylene residues in return flows 

W-16 E 
Lateral 
8-6-68 

- 90 
a2 la9(70) 
- - 

17.5 16 
- - 

555 760 
277 412 

410 890 
205 350 

20 29 
20 27 

1 1 
Ch Ch 
CY CY 

Normal capacity (ft3 /s) 
Rate of flow (ft3/s) 
Computed concentration (p/m) 
Volume of xylene applied (gal)’ 
Duration of application (min) 
Emulsifier quantity (% vol./vol.) 
Emulsifying agent’ 
Date of treatment 
Crop irrigated 

Length of irrigation rills (feet) 

1 
W-26C W-35.9D W-61 F PE 41.2 

a9 a5 
17.2 16.1 

740 740 
500 230 

30 30 
1 1 
R R 

6-11-73 6-I 2-73 
Radish Sugar 
(seed) beets 

1,320 800 

114 43 
la.3 22.8 

444 740 
370 350 

25 30 
0.25 1 
R Em 

6-1 a-73 7-5-73 
Alfalfa Corn 

750 800 

Lateral 

1 Xylene product: Socal 3501 
2 R = Retzloff A-2029 

Em = Emcol AD-410 
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Figure 5.-Application of emulsified xylene for control of aquatic vegetation in an irrigation canal. This is a location in the
Columbia Basin Project. The milky appearance of the irrigation water is caused by the xylene emulsion formed by mixing the
xylelle and emulsfier with irrigation water in the pump on the truck and introducing it through the hose into the canal.
Photo PBOI-D-77459

RESULTS AND DISCUSSIONS probably quick, because the results of laboratory and
stream studies are similar regardless of the length of ex-

posure. The laboratory tests show that concentrations
in excess of 20 p/m would cause total mortality where-
as the stream tests showed that 16.1 p/m was com-
pletely lethal. Concentrations of xylene exceeding 7
to 10 p/m may cause mortalities of rainbow trout in
canals and should not be permitted to enter natural
streams or reservoirs.

Effects of Xylene on Rainbow Trout

Acute Toxicity to fish. -The calculated 24 and 96-
hour LC50 toxicities for xylene to rainbow trout were
both 13.5 p/m with confidence intervals ranging from
9.5 to 19.2 p/m (table 3). There appears to be little, if
any, difference in toxicity between technical xylene
and emulsified xylene. Also, toxicity does not increase
at exposures beyond 24 hours. The data indicated that
concentrations between 7 and 10 p/m would probably
cause no mortality but that concentrations about 20
p/m might cause 100 percent mortality.

Behavior of fish. -Though xylene was not lethal at
concentrations of 7 p/m and below, the fish appeared to
be distressed at concentrations as low as 3.6 p/m. More
than 90 percent of the rainbow trout exposed to 7.1
p/m xylene for 2 hours lost their equilibrium within the
first 1.5 hours. The response resembled that induced by
an anesthetic. Also for about a half hour after exposure
they did not swim away when one approached the
stream as would have been normal behavior. Those ex-
posed to 3.6 p/m behaved similarly, but the response
was less severe. I n a swiftly flowing canal or natural
stream, trout exposed to 7.1, or even 3.6 p/m probably

The toxicity of xylene to larger rainbow trout (200 g
and larger) in artificial streams closely approximated
the toxicity determined for the small trout used in the
laboratory tests. The apparent level where there is no
effect on the fish for a 2-hour exposure to xylene was
from 7.1 to 16.1 p/m (table 4), which is close to the
predicted 7 to 10 p/m. The lethal effect of xylene is
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Table 3.-Acute toxicity of xylene, emulsified xylene (xylene plus Emcol AD-410) 
and Emcol AD-4 70, to rainbow trout 

Chemical 

Xylene 
(technical) 

Xylene +2% 
AD-41 0 

AD-41 0 

Average weight 
of fish, (g) 

0.9 

0.9 

0.9 

Water COI ditions 
Temperature, Ph ‘Alkalinity, 

03 b/m) 

12 7.2 to 7.6 

12 7.2 to 7.6 

12 7.2 to 7.6 

30 to 35 

30 to 35 

30 to 35 

Table 4.-Toxicity of xylene to rainbow trout 
in artificial streams 

Mean (k SD) 
(n = 8) 

Concentration, 
(analyzed) 

b/m) 

25.6 
16.1 

7.1 (1.2) 
3.6 (0.19) 
0.64 (0.1) 
1.3 (0.13) 
0.74 (0.19) 
0.36 (0.09) 

ExposurZ 
time 

2 hrs. 
2 hrs. 
2 hrs. 
2 hrs. 
2 hrs. 

56 days 
56 days 
56 days 

Mortality, 
(%I 

100 in 24 hrs. 
100 in 24 hrs. 

0 
0 
0 
0 
0 
0 

could not have maintained their positions. Factors such 
as predation or swift current could increase the mortal- 
ity rate of the affected fish at these exposure levels. If 
alternate habitats were available rainbow trout might 
avoid even low concentrations of xylene. Folmar [19] 
reported that rainbow trout actively avoid xylene con- 
centrations as low as 0.1 p/m. 

Rainbow trout exposed to 0.36, 0.74, or 1.3 p/m xy- 
lene for 56 days did not appear to be adversely affected, 
i.e., they were not killed and behavior of all individuals 
was similar to that of the controls. 

Off-flavor of fish. - Evaluation of flavor in fish exposed 
to xylene for 2 hours or 56 days indicated that the off- 
flavor index was dependent upon concentration and 
duration of exposure (figs. 6 and 7). 

Hardness, 
(p/m) 

40 to 48 

40 to 48 

40 to 48 

LC50 and 95% confidence limits 
24 hour, 96 hour, 
(p/m) b/m) 

13.5 13.5 
(9.5 to 19.2) (9.5 to 19.2) 

17.3 17.3 
(11.9t025.1) (11.9t025.1) 

9.6 
(7.1 to 13) (6.7 t:*:2.2) 

Fish sampled 24 hours after the 2-hour exposure to 7.1 
p/m of xylene had a significant (P < .05) off-flavor (fig. 
6). However, all other trout from the 2-hour exposure 
were comparable with controls through the seventh day 
after exposure. 

Rainbow trout exposed to a concentration as low as 
0.36 p/m had a significant (P < .05) off-flavor through- 
out the 56day exposure. Off-flavor was maximum in 
fish after Bdays of exposure (fig. 7). During continuous 
exposures of trout to xylene, the higher the concentra- 
tions, the greater the off-flavor index. The index in- 
creased rapidly after initial exposure, reached a plateau, 
and then declined. Persumably, off-flavor is associated 
with residues of xylene in the muscle. 

Short-term non-lethal exposures of rainbow trout to 
xylene would probably impair the flavor of the fish 
flesh for several days, unless the fish could avoid the 
xylene by moving to suitable alternate habitats. 

Xylene residues in fish. - GLC analyses of fillets from 
xylene-treated rainbow trout indicated that uptake of 
xylene was rapid. Detectable residues were measured 1 
day after a 2-hour exposure to 0.64 p/m but had been 
eliminated within 7 days in all trout exposed for 2 
hours (table 5). Analysis of variance of residue data 
from rainbow trout continuously exposed to low con- 
centrations of xylene showed that there was no dif- 
ference in residues between 2 and 56 days or within 
any of the exposure concentrations (fig. 8). Residues, 
like the off-flavor index, increased rapidly, and either 
decreased (after the 2-hour exposure) or reached a pla- 
teau (during the continuous exposure). 

Off-flavor vs. xylene residues in fillets. - The mean off- 
flavor index and xylene residues in fillets were cor- 
related significantly (P < .Ol) (table 6). Although we 
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0 - 7. I p/m 
A - 3.6 p/m 
0 - .6 p/m 
l - control 

3 

Days After Exposure 

Figure 6.-Off-flavor index in rainbow trout caused by exposure to sublethal concentrations of xylene for 2 hours. The fish were 
taste tested 1, 3, and 7 days thereafter. 

. 

0 - 1.3 p/m 

0 - 0.74p/m 

A-0.36p/m 
l - control 

3 7 
r 

56 

Doys After Treatment 

Figure 7.-Offflavor index in rainbow trout caused by exposure to sublethal concentrations of xylene for 56 days. 
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T 
Sample day’ 

1 

3 

7 

0.68 
(0.17) 

0.26 
(0.04) 

* N.D. 

0.78 
(0.23) 

N.D. 

$3, 

N.D. 

56 N.D. N.D. N.D. 

Table 5.-Xylene residues in fillets of rainbow trout exposed to xylene 

Fillet residue (p/m f S.D.) in rainbow trout exposed for - 

0.64 

2 hours 

3.6 7.1 0.36 

T 56 days 

0.74 

(E, 
- 

10.9 
(3.9) 

10.9 
(5.3) 

’ Xylene was not detectable in the control fish on any sample date (date not shown in the table). 
* N.D. - Fillets analyzed contained less than 0.20 p/m. 

1.3 

18.4 
(6.1) 

- 

11.1 
(5.5) 

16.0 
(5.0) 

0 

Xylene In 

Water (p/m) 

0 - I.0 

A -0.3 
0 -0.1 

30 

Days During Treatment 

40 50 56 60 

Figure I.-Average residues of xylene in fillets of rainbow trout after exposure to various concentrations of xylene in water over 
a 56day treatment. 
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Mean (* SD)’ 

Concentration 
in water, 

b/m) 

F 

0.36 (0.09) 1.35 

0.74 (0.19) 

1.3 (0.13) 

Table 6.-Off-flavor index and residues in rainbow trout exposed to 
sublethal concentrations of xylene for 56 days 

Off-flavor 
index2 

1.56 

2.41 

Y 

Residue,3 
b/m) 

4.9 
3.6 
3.3 
3.4 
2.8 
2.0 
4.4 
2.2 

7.4 
11.0 
10.0 

6.7 
4.3 
9.4 
9.6 
4.4 

14.4 
27.6 
17.6 
10.0 
20.4 
14.8 
24.0 

NA 

T 

’ n=8. 
2 Index based on pooled sample from eight fillets. 
3 Individual fillets. 
’ NA = sample not analyzed. 

Exposure Period (Days) 

7- 

Off-flavor 
index 

1.26 

3.06 

3.26 

were unable to develop a “predictive index” based on 
a regression line, we speculate that an off-flavor is evi- 
dent when the determined residue is about 2.0 p/m or 
greater. 

Xylene Residues in Irrigation Systems 

Residues in canals. - The dissipation rate curves for 
maximum xylene concentrations measured in water of 
six treated canals are presented in figure 9. 

Y 

Residue,3 
(p/m) 

7.5 
2.8 
5.5 
2.0 
2.6 
4.2 
4.1 

‘NA 

10.1 
13.6 

7.4 
16.0 

8.8 
14.5 

5.6 
NA 

6.4 
15.6 
13.6 

7.6 
6.4 

20.4 
7.8 
NA 

T 56-1 

Off-flavor 
index 

1.20 

1.0 

2.53 

‘Y 

Residue,3 
(p/m) 

2.6 
3.6 
7.7 
4.4 
5.2 
5.0 
8.7 
3.0 

7.9 
14.4 
19.2 

6.0 
6.0 

11.6 
10.0 
NA 

24.0 
17.2 

9.6 
15.8 
13.9 
21.4 
15.0 
10.4 

The concentration of xylene in Farmers’Ditch in 1967 
varied widely near the site of introduction of the chem- 
ical. However, much of the variation in concentration 
had disappeared 1 mile downstream, apparently be- 
cause mixing had become more thorough. Water resi- 
dues dissipated in this treatment, with the average con- 
centration falling from about 577 p/m to 49 p/m at the 
4.4-mile point. The 1969 application to Farmers’Ditch 
was added at a uniform rate and at a slightly higher 
concentration to a greater water flow than in 1967. 
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7oc 

60C 
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w 
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< 
x 400 

F a 

300 

200 

100 

0 

I I 

+ - W-26 Lateral 
A- Rack Ranch Canal 
. - Farmers Ditch (1969) 
0 - Kennewlck Main Cana 
0 - Farmers Ditch (1967) 
X- Cherry Creek Latera 

‘Booster applications’\ 

t- 

\ \ ‘- t \ 

: 

\ 
\ \ \. 

2 4 6 8 IO I2 

Miles Downstream From Xylene Application 

\ 
0 

14 16 16 

Figure 9.-Dissipation of xylene in six irrigation systems. (Xylene concentrations in water samples collected at downstream 
sampling stations.) 

Xylene residues in the 1969 treatment showed a steady 
decline as the water moved downstream, from 600 p/m 
near point of application to an average level of 56 p/m 
at the g-mile station. We consider the dissipation of 
residues in water after the 1969 treatment to be typical 
of that expected for a canal of this type. 

Water concentrations of xylene in the Cherry Creek 
Lateral dissipated at an unusually rapid rate, from 555 
p/m to 10 p/m at the l-mile point. Factors such as low 
flow and xylene evaporation in a pool below the canal 
check contributed to the rapid dissipation or dilution. 

Rock Ranch Canal was treated when rate of flow was 
58 ft3/s. The xylene concentration declined gradually 
as the block of treated water moved downstream from 
548 p/m at the point of application to an average of 68 
p/m at the IO-mile point. 

The Kennewick Main Canal and the W-26 E Lateral 
were treated during the first of the irrigation season 
when the rate of flows were 82 and 89 ft3/s, respec- 
tively. Concentrations in each canal were reinforced be- 
cause of the great length of the waterways in which 
weed control was required. Although additional xylene 
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maintained higher residues over a longer distance, the 
overall trend of residue dissipation was similar to that 
of canals receiving a single treatment. Residues in these 
two canals were about 100 p/m near the 15-mile point 
below the point of initial application. 

The xylene concentrations measured in these six canal 
treatments illustrate that the xylene levels dissipated 
within the first few miles below the application site. 
Generally, the average xylene concentration declined 
to 200-100 p/m, or below after traveling downstream 
for 5 to 10 miles, respectively. A booster application 
extended these distances by 3 or 4 miles. 

Residues in return flows. - The pattern in which xylene 
residues dissipated in irrigation water as the treated wa- 
ter moved from laterals, through crop fields and into 
return flows is illustrated in figure 10. 

The concentrations found in these four treatments were 
very similar. Xylene concentrations dissipated rapidly 
once the treated water reached cropland, and by the 
time the treated water had traveled to the end of the 
rills, the concentration was below the detectable level of 
0.2 p/m. Consequently, only negligible quantities were 
found in return flows. These concentrations should not 
cause mortality or other adverse effects on fisheries. 

CONCLUSIONS 
During 2-hour exposures, emulsified xylene appeared 
to be non-toxic to rainbow trout at concentrations be- 
low 7 p/m but concentrations as low as 3.6 p/m may 
inhibit normal behavior. Treated water returning to fish- 
ery habitats should not contain xylene concentrations 
greater than 1 p/m for a 2-hour exposure. 

Detectable off-flavor was produced in rainbow trout 
after they were exposed to 7.1 p/m of xylene for 2 
hours or to 0.36 p/m for up to 56 days. The degree of 
off-flavor from xylene was directly dependent on con- 
centration and exposure time. The off-flavor dissipated 
within 1 to 3 days after the fish were exposed to un- 
treated water. Residues of xylene detected in fillets of 
rainbow trout were directly related to the off-flavor in- 
dex measured in duplicate fish fillet samples. 

Xylene dissipated from irrigation water as the treated 
water moved down the canal and the average concen- 
tration dropped to well below 100 p/m by the time the 
water had traveled 10 miles. After the xylene-treated 
water moved through irrigated fields and into return 
flows, the xylene concentration had declined to a non- 
detectable level (less than 0.2 p/m); thus return flows 
entering fishery habitats would not be expected to ad- 
versely affect fish. 

AVERAGE OF FIVE LATERALS 

550 

500 

450 

400 

330 

300 

: 
x 
x 250 

< 

P 200 

IS0 

100 

50 

a/ Less than O.Zp/m 
Mllsr Downstream 

Figure IO.-Dissipation of xylene from laterals, through crop fields, and into return flows. 
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Rainbow trout exposed to emulsified xylene for 2 hours survived a concentration of 
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