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ABSTRACT

An extensive study focusing on irrigation drainwater was carried out in the vicinity
of Laguna Atascosa National Wildlife Refuge in the summer of 1990. During three
samplingR periods of 5 days each, up to 20 samples per day were collected for
Microtox testing, along with basic water quality measurements from each regular
site. Sampling periods coincided with intensive aerial applications of pesticides and
herbicides on cotton and other crop fields in this predominately agricultural region.
Rainfall, and consequently runoff, was lower than anticipated, and perhaps
accordingly, no dramatic indications of toxicity were observed for any of the 257
samples screened.  The most commonly observed effect was a modestly to
substantially greater light output in samples relative to controls. This increased
light output may be an indication of a nutrient effect, or it may be a result of
stimulatory effects (hormesis) caused by exposure to low levels of potentially toxic
agents. An additional study is recommended to more accurately assess the water and
sediment quality of these agricultural drains.

Key words: Agricultural drainwater, bioluminescent bacterial assay, Lower Rio
Grande Vval | ey, Texas.



| NTRODUCTI ON

The Lower Rio Gande Valley of south Texas is a rich agricultural area supporting
intensive production of vegetables, fruit, grain sorghum and cotton. Current
practices involve the combined use of irrigation, with the application of l|arge
amounts of fertilizers, pesticides, and herbicides, to maximze crop yields. The
princi pal source of water for irrigation is the Rio Grande River, and irrigation
runoff is collected in drainage ditches that eventually discharge into the Laguna
Madre. Al t hough such drainage ditches on the frin?es of farm fields may
accunul ate significant levels of agricultural chemicals, they are frequently
overgrown with brush, formng protective corridors for wildlife nmovenent,
nesting, and foraging, and thus provide significant wildlife habitat.

Previ ous studies have shown el evated |evels of organochlorine pesticide residues
and other contanminants in the study area (Wite et al. 1983, Ganble et al. 1988,
Vells et al. 1988). Al though many chem cals of concern are hydrophobic and wll
quickly bind to sediments, the contamnants are frequently redistributed by
bi ol ogical activity and by resuspension of sedinments during flood events. Ahr
(1973) found elevated |evels of DDT in sedinents over 1 neter deep at Laguna
é\t ascosa National WIldlife Refuge, which receives large anounts of irrigation
rai nwat er.

Unli ke organochl orines, mostpesticides currently in use are relatively short

lived in the environnent. As a result, chenical analysis of environnental
sanpl es rarelh/ provides sufficient information to determ ne whether these
chem cals are having an inpact on fish and wildlife resources. |In addition, due

to the highly toxic nature of many of these new pesticides, wildlife managers
need a tool to rapidly eval uate water quality. Such a tool could possibly allow
them to divert irrigation drainwaters away from inportant wetlands at critical
times. The objective of this study was to evaluate a nethod of cost effective,
rapid evaluation of water-borne contamnation that could serve as a nanagenent
tool for refuge managers in the Lower Rio Gande Valley.

The method evaluated in this study was a bacterial biolumnescent bioassay which
measures |ight output inhibjtion of the |uni nescent pacterium Phot obact eri um
hosphoreum USi ng M crot ox met hodol ogy. Mcrotox testing is a sinple,
FnexpenSIVe, and rapid nmeans to neasure potential toxicity of solutions, making
it particularly useful as a screening tool. Since the introduction of the
Mcrotox™ systemfor assessing conplex industrial effluents in 1979, its
application has been extended to determine the toxicity of aquatic pollutants,
wastewaters, fossil fuel process waters, mycotoxins and ot her chemicals. Somne
governmental regul atory agencies enploy Mcrotox® screening tests to nonitor for
environnmental problems (Somasundaramet al. 1990). In this study, only M crotox

screening and basic water quality nmeasurements were carried out. No additional
bioassays nor chemi cal residue anal yses were included in this study.

! Mention of the Microtox® tradename does not constitute endorsement of the
product by the U. S. Fish and Wildlife Service.
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METHODS anp MATERI ALS

The study area, | ocated in the Lower Rio Grande Valley of south Texas, is shown
in Figure 1. Water sanples were collected fromirrigation drainwater ditches and
other bodies of water receiving agricultural runoff (Figure 2). During three,
5-day periods in the summer of 1990 (July 9-13, July 23-27, and August 6-10)
sanpl es were taken daily fromup to 15 regular sites (Appendix 1) along wth
sel ected sanples being taken to spot check additional sites of suspected

cont ani nati on. Sanpling periods coincided with heavy aerial applications of
pesticides and herbicides on cotton and other crops. Chemically cleaned, 60 ml
capacity, amber colored gt!ass jars were used for sanple containers. \Nat er
sanples were coll ected

y submersing an inverted Ijar, renoving the lid
underwater, and righting the vessel to allowit to fill at a depth of 10 to 15
cmbel ow the water surface. Sanpl es were then |abeled and placed on ice for
bi oassay analysis later that same day. Tine elapsed between sanple collection
and M crotox screening was a maxi mrum of 12 hours.

Basic water quality paraneters were recorded fromthe sample site at the time the

sanple was collected. Di ssol ved oxygen, tenperature, pH, salinity and
conductivity were measured, and the hour of sanple collection and relative water
| evel were also noted. Rel ative water levels were recorded from a wooden

yardstick inplanted vertically in submersed nud at the sanple site.
Unfortunately, several of these yardsticks were taken, and the subsequent data
| ost, during the course of this study.

The Microtox®™ photobacterial bioassay was used toscreen all water sanpl es.

Measurenments were made with a Microtox Model- 500 toxicity analyzer, a form of
tenperature-controll ed biophotometer. This assay, relying on the relative |ight
out puts of Photobacterium phosphoreum has been well-documented (Bulich 1979,

Ribo and Kaiser 1987). Results are expressed as a nedian effective concentration
(EC50), the concentration that cauges a 50% reduction in light em ssion. A
modi fied 100% concentration Mcrotox procedure was used to streanline screening
of sanples (Appendix 2) while enhancing the sensitivity of the screen. However,

the 100% screen is prone to pipetting 'noise' because no initial (prior to
exposure to the test solution) light levels are taken. To reduce errors
pertaining to technique variability, a systemof replicated blanks and sanples
was used. These replications do not change the test, but merelv i.ncrease the
reliability ofthe results. O the 30 sanple wells in the Microtox" unit, three
sets of three blanks (at the beginning, mddle and end of the network) were used.

The light sensitivity was set by the first blank, and the blank reference val ue
used was an average of the 9 blank readings. Readings for all sanples were.taken
after exposing the bacteria to the test solution for 5 and 15 minutes, and nost
sanpl es were also measured after 30 minutes. Sanples were prepared at nom nal
100% sol ution (actually 90% after Mcrotox Gsnotic Adjustment Solution), in sets
of three in series. Using the whole grid, 7 sanples (with 3 replicates each)
were tested at a time. Since no EC 50 data are generated with this procedure,

results only indicate if a problem exists, as determned bythe average of the
bl anks (n=9) conpared to the average of each of the sanple readings (n=3). A
light output reduction was interpreted as an indication of sone toxicity, at
which point the sanple was processed through the standard 100% M crotox assay
with 4 dilutions to generate EC 50 data. This standard assay is described in
M crobics instruction manuals (Mcrobic8 Corp. 1987a). When EC 20 was not
cal culable, or when EC 20 was above 100%, sanples were considered non-toxic
(Ankl ey et al. 1989). When EC 50 val ues bel ow 45% concentration were found, the
standard Mcrotox " procedure was followed to generate a moreaccurate effective
concentration curve (Mcrobics Corp. 1987b). The standard procedure virtually
elimnates pipetting 'noise' type errors, because before and after exposure
readings are taken for all sanples.
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RESULTS AND DI SCUSSI ON

VWater quality averages and ranges for each site are presented in Table 1. Al
water quality data fell within appropriate ranges of pH and salinity for
Mcrotox testing as freshwater sanples. Maxinumsalinity neasured was 18 ppt,
and pH ranged from 7.30 to 9.30 standard units. Dissolved o>éygen (DO, pH and
temperature varied with collection hour, as would be expected. Turbidity and

coloratign of water sanples was negligible, so no adjustnents were nade prior to
Wt crotoxX ‘testing.

Rai nfall was |ower than anticipated during the study period, and consequently
agricultural_runoff was below normal. A total of 257 sanmples were tested with
the Mcrotox assay fromregular sites and the additional sites that were spot
checked; eighteen resulted inrelatively mnor reductions oflight output
relative to controls, and were therefore re-tested using? the standard 100%
procedure with 4 dilutions. Only one of these wassufficiently toxic to generate

EC 50 data, and only at the shortest tinme interval. This sanple was from site
1 on July 11, 1990. An EC 50 value of 139.4% and EC 20 val ue of 63.3% were
generated. Even though confidence intervals for the 100%test areexpected to

be about 10 times broader than for the standard test (Tarkpea and Hansson 1989),
95% confidence intervals for this particular sanple were inordinately I|arge,

0.13-147,038% and 1.61-2,492% for the EC 50 and EC 20, respectively, so we
hesitate to draw inferences fromthis one "hit'. Differences in |ight output at
different time intervals (5, 15, and 30 minutes) were ninor. Light output from
sanpl es general Ig/ declined only sli ?ht Iy overthesetime intervale, whereas blank
sanpl es always decreased substantially.

The npbst commonly observed result in our testing (81% of sanples) wasa
consi stent higher Tight output from sanples relative to control blanks. There
are two plausible explanations for this. One possibility is that the observed
increased light enmissions arethe result of anutrient effect, where in the
absence of toxicante, substances in the sanple enhance the nedia for increased
bacterial netabolism This same phenomenon was observed in 37% of sanples from
the Detroit River by Ribo et al. (1985), and they attributed it to possible
nutrient enhancenent; however, nutrients ehould not be a limting factor to
bl anks. Another possibility is that of hormeeia (etinmulatory effects) which are
often caused by exposure to low |evels of potentially toxic agents (Stebbing
1982, Mcrobic8 Corp. 1991). The bacteria maybe raising their netabolic rate,
and consequently, their light output, due to a tendency to overcorrect for |ow
| evel s of inhi bitor% chal l enge. Under this hypothesis, it would appear that nost
[

sanples tested in this study carried sub-effective concentrations of undetern ned
t oxi cants.

Microtox® wasjudged more sensitive than Daphnia magna 48-hour lethality and
Chi rononus tentans 10-day growth for evaluation of Defroif River sediments (G esy
et al. 1988). Fowever, on testing of sediment pore waters, McrotoX was far
less sensitive than either sea-urchin sperm cell or sea-urchin norphol ogical
devel opnent-tests (Carr and Chaprman 1991). In testing of various toxicant
solutions, Nacci et al. (1986) also found Mcrotox to often be less sensitive
than sea urchin spermcell and early enbryo growth tests, but felt that, given
the ease with which the test is perfornmed, Mcrotox  would be useful in
nmonitoring relative toxicity changes in systens where it has been shown to be
responsive to aparticular toxicant.

Qur study has no information from other types of bioassay8 and no conplenentary
anal ytical data for verification. W reccomend another study beconductegd which

includes a battery of sensitive toxicity tests in addition to M¢rotox ™.  The
assessnent of sedinent pore water and whol e sedinents should be included asa
part of this study. Sedi ments should be the mmjor focus because of the

hydr ophobi ¢ nature of nmany agriculture chenicals.



Table 1.

Sample
Site #

1

10

11

13

14

15

16

Arithmetic means (and ranges) forwaterqualitydata.

Temperature DO
°c mg/1 ppt

30. 1 8.5 2.1
(28-34) (5-12.4)  (2-2.5)

29.6 7.7 1.9
(28-33)  (5.2-10.8) (1-2.5)

29.2 8.4 1.9
(27.8-32)  (6.5-11) (1-2.5)

31 12.9 9.9
(39.3-34) (9.1-17.6) (6.5-16)

31 9.0 9.5
(27.2-34) (6.7-11.4) (8-11.5)

29.6 6.1 15.4
(27.3-32) (1.3-10.5) (14.2-18)

28.3 4.6 10.7
(26.5-32.2) (2.2-8.7) (8.9-12.5)

29.7 5.7 13.4
(27-34.5)  (2.2-10) (10-16.5)

28.7 4.8 2.1
(27.2-32.8) (2.3-12) (1.5-2.7)

28. 2 3.4 5.7
(26.3-32.0) (0.5-7.7) (4.5-6.5)

27.5 3.6 5.0
(25.4-34.0) (2.2-7.7) (3.5-6.2)

29. 4 5.2 1.4
(28-33)  (2.5-10.1) (0.5-2)

29.1 6.0 0.6
(28-32)  (4.4~8.3) (0-1)

29.8 7.3 2.2
(28.5-32) (5.2-8.2)  (1-2.6)

31.7 9.2 1.6
(27.9-34.8) (5.6-11.8) (1-2.2)

Salinity Conductivity

who's

4555
(4150- 5200)

4114
(3500- 4656)

4200
(3490- 5000)

17970
(12500- 27800)

17210
(11000- 20800)

26750
(25000- 30000)

18910
(15500- 22500)

23570
(18800- 31000)

4330
(3700- 5200)

9600
(7000- 13000)

9000
(5500- 11300)

3390
(3050- 3900)

1700
(1450- 1950)

4630
(4100- 5000)

3970
(2550- 4900)

(7.

(7.

(7.

(8.

(7.

(7.

(7.

(7.

(7.

(7.

(7.

(7.

(7.

(7.

(7.

.9)

.5)

.6)

.9)

.8)

.3)

.6)

.7)

.5)

.5)

.5)

# Samples
n
14
14
14
14

14

14
13
14
14
14
14
14

14



CONCLUSI ONS

Results of Mcrotox testing of the Lower Rio Gande Valley irrigation drainwater
under the |ow discharge conditions that occurred during the study period indicate

little,. if any, sublethal effects to the phosphol um nescent bacterium
Phot obact eri um phosphor eum Further testing during both dry conditions and
periods of heavy rainfall, and subsequent increased agricultural runoff, is

warranted, however, to ascertain whether increased drainwater discharge nay
result in increased contam nant |oading (and hence toxicity) into adjacent
receiving waters. Such testi ng shoul d i nclude eval uation of the potenti al
toxicity of the associated sedi nent pore water, since many agricultural
contami nants tend to partition in sedinments and not the overlaying water colum.
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Appendi x 1. Sanple Site Description

A brief site by site description follows to indicate peculiarities of sanple
sites and which sites showed prelimnary indications of |ight reduction relative
to controls |hn the 100% screen. Unless otherw se indicated, sites were sanpled
14 tines each.

Site 1.

Sanpling site 1 was located in the Big Ditch, at the first farmroad bridge east
(@bout 0.5 km) of highway 77. At this point, the water flowis fairly slow
Carp and shorebirds were occasionally seen at this site. The one sanple which
gave a hit was fromthis site, and 3 other sanples taken in md and late July had
mnor |ight reductions, though no EC50 data could be generated.

Site 2.
This site was bel ow the hi ghway 507 bridge over the North Floodway. only two
sanples in early July showed mnor |ight reductions.

Site 3.
Also in the North Floodway, site 3 was below the H ghway 1420 Bridge. Three
sanples in md and late July showed minor |ight reductions.

Site 4.

This site wason the south bank of the Arroyo Colorado at Arroyo City Road, just
upstream from Arroyo City. This is close to the water intakes for the shrinp
farms. Millet and other unidentified fish were frequently spotted here. Three
samples, one in each sanpling period, showed minor |ight output reductions.

Site 5.

Upstream fromsite 4, this site wasalso on the south bank of the Arroyo
Col orado, near the county line. No water sanples from here gave any indication
of toxicity.

Site 6.

Located on the Laguna Atascoea National WIldlife Refuge, this site was at the
second crossing of Laguna Atascosa, on the south side of the water control
structure. The water |evel here was initiallgl very low, and this site was
conpletely dry by the beginning of the second sanpling period. No |ight
reduction was observed in any of the 4 sanples fromthis site.

Site 7.

Upstream fromsite 6 and al so on Laguna Atascoea NMR, this site was on the south
side of the water control structure at crossing #1 on Laguna Atascoea. No
i ndication of overt toxicity wasdetected here.

Site 8.

Athel pond near the headquarters of Laguna Atascosa NWR was site 8. Sanples were
taken 1n the vicinity of the large dianeter culvert pipe passing under the road.
On three occasions in late Julv, Qnd early August, sanples showed minor reductions
to Iihght output in the Microtox test. A total of thirteen sanples were collected
at this site.

Site 9.

This site was just downstream (north) ofthe highway 106 bridge over the upper
Cayo Atascosa. Only one sample in August showed any light reduction as conpared
to controls in the McrotoxX test.

Site 10.

This site, on Resaca de 105 Cuates, was just south of highway 106. None of the
sanpl es depressed light enission bythe bacteria.



Site 11.
This site was at a small irrigation drainage ditch between the Port
| sabel / Caneron Co. Airport and highway 510, near Bayview. No sanpl es indicated
toxicity.

Site 13.
Upstream from site 10, site 13 was also on Reeaca de 105 Cuates, at Share Rd. 28.
No sanples fromthis site reduced light output in the M'crotox assay.

Site 14.
Site 14 was on Resaca de 105 Freenos where it crosses Nelson Rd. No toxicity was
detected here.

Site 15.

South of Mercedes, site 15 was in the Arroyo Col orado below the bridge at H ghway
491. O eight sanples taken here, only one, in md July, showed any reduction
of light output as conpared to controls.

Site 16.

Site 16 was at the end of the main floodway in Ll ano Grande Lake, between the
boat launch and the bridge of highway 1015. ~ O eight sanples analyzed, only on
taken in late July reduced light enission as conpared to blanks in the M crotox
test.



Appendi x 2. Modi fi ed Microtox" 100% Procedure with Replicates
Formarine sanples (20 - 60 ppt salinity)

Anal yzer & Sanple Preparation

1) Add 1 miRecgn Solution to the cuvette in the reagent well.

2) Add 1 nml "FSWto cuvettes Al-C, A3-¢3, and A5-C5.

3) Add 1 miof sanmple to each of 3 cuvettes (D -Fl, Az-Cc2 D2-F2, D3-F3,
A4-C4, D4-F4, D5-F5).

4) Wit 5 ninutes.

Reagent Preparation

1) Reconstitute a vial of reagent
2) Mx 20 times with 500 ul prpette .
3) Wait 15 ninute5 for reagent stabilization

Assay Procedure
1) Set/start timer for 5 and 15 nminutes.
2? Add 20 ul of reagent to each cuvette in the following order: A, 81, d, D1,

E F1, A2, B2, C2, etc.

3) Mx each cuvette by shaking 2-3 times in the same order of reagent addition.
4) Wen the timer alarm sounds, read the (IT) light level for , B1, Cd, etc.
5) Take averages and conpare data.

Forfreshwater sanples (O-20 ppt salinity) Note: actually this is a 90%
procedure

Anal yzer & Sanple Preparation

1) Add 1 m Recon Solution to the cuvette in the reagent well.
2) Add 1 midiluent to cuvettes Al-C, A3-~Cc3, and A5-C5.
3) Add 900 ul of sample to each of 3 cuvettes (D -Fl, A2-c2, A3-C3, D3-F3,

D4-F4, AS-C5, D5-F5). This is easily acconplished by adding 1000 ul (2 x
500) and removing 100 ul with another pipette.
4) Add 100 ul MOAS to each sanple cuvette.
5) Mx all sanples thoroughly.
6) Wait 5 mnutes.

Reagent Preparation

1) Reconstitute a vial of reagent

2)M x 20timeswith a snall pipette.

3) Wait 15 minute5 for reagent stabilization

Assay Procedure

1) Set/start tinmer for 5 and 15 m nutes.

2) Add 20ul of reagent to each cuvette in the following order: A, B1, d, D1,
El, F1, A2, B2, C2, etc.3) Mx each cuvette by shaking 2-3timesin the

same order of reagent addition.

4) \When the timer alarm sounds, read the (IT) light level for A, Bl, d, etc.

5; Take averages and conpare data.

? Filtered seawater free of toxicity
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