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EXECUTIVESUMMARY

WestinghouseHanfordCompanyroutinelytreats roadsideswith herbicides

to controlundesirableplant growth. An experimentwas conductedto test

- perennialgrass germinationin soils adjacentto roadwaysof the HanfordSite.

The primaryvariablewas the distancefrom the roadside. A simplegermination

test was executedin a controlled-environmentchamberto determinethe

residualeffectsof these applications. As expected,the greatestherbicide

activitywas found directlyadjacentto the roadway,approximately0 to 20 ft

(0 to 6.3 m) from the roadway.

ill
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ResidualHerbicideStudy on SelectedHanfordSite Roadsides

I.0 INTRODUCTION

The WestinghouseHanfordCompany(WestinghouseHanford)performs
herbicideapplicationson the HanfordSite roads for the U.S. Departmentof
Energy. In fiscalyear (FY) 1993, 160.3 mi (258.1km) of designatedprimary
roadwayand 110 mi (177.1km) of secondarythat were treated. Krovar I DF,
Direx 4L, Weedmaster,a 2-4D productare used to controlmany annualand
perennialgrassesand herbaceousweeds. The half-livesof these productsare
as follows:

• Direx 4LI (Qiuron),6 to 8 months (Montgomery1993)
• Krovar I DJ__, 7 months (Hartlyand Kidd 1987)
• Weedmaster"(2-4D),6 weeks (Hartlyand Kidd 1987)
• Oust4, 24 weeks (Montgomery1993).

Direx 4L was used in the most recent application(FY 1993) and is the primary
controlagent. The purposeof the experimentwas to study the residual
herbicideon selectedHanfordSite roadsldes.

2.0 METHODSANDMATERIALS

Soil sampleswere collectedat the beginningof the experimentfrom
Route 2 South (a secondaryroad) and Route 4 South (a primaryroadway). Eight
zones were established(A - H), from which sampleswere taken for each of
three trials (I - 3). Four replicationsof each samplefor each zone and
trial were taken, for a total of 96 samples. Trial 4 was set up for a
detailedsamplingto determinethe locationof the herbicidein the soil
strata,using a total of 24 samples (4 in each subzoneof Zone E). Sample
locationsare describedin Table I. The soil sampleswere collectedusing a
shovelat a depth of 2 to 8 in. (5.1to 20.3 cm). The soil was characterized
as primarilysand and rocks rangingfrom I/2 in. (1.3cm) to 5 in. (12 cm) in
diameter. The soil was siftedwith a 1/2-in.(1.3cm) soil sieve to remove
large rocks that might interferewith seed germinationand growth. The
sampleswere placed in 3-in.-square-by-4-in.(7.6-cm-square-by-10.2-cm)deep
plasticpots. The pots' drain holes were taped to preventsample loss. Each
samplein each trial was replicatedfour times.

• IDirex4L is a tradenameof Diuron.

2KrovarI DF is a tradenameof a mixtureof Bromaciland Diruon.

3Weedmasteris a tradenameof 2-4D.

4Oust is a tradenameof Sulfomenturon-Methyl.
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Table I. Sample Locations(TrialsI-3).
........

Sample Location
description

,,

Sample A Route 2 South,mile 5.75, 0 to 9 ft
(2.7m) from roadway

i i..,.

Sample B Route 2 South,mile 5.75, 9 to 15 ft
" (4.6m) from roadway

i ,i .,i ,,

Route 2 South,mile 5.75, 15 to 20 ft
Sample C (6.1m) from roadway

i,ii i i,ll .ll

Sample D Route 2 South,mile 5.75, 100+ ft
(30.Bm) from roadway

i i

Route 4 South,mile g.40, 0 to 15 ft
Sample E (4.6m) from roadway

i i u...i

Sample F Route 4 South,mile 9.40, 15 to 25 ft
(7.6m) from roadway

iiill,, i,,i

Sample G Route 4 South,mile 9.40, 25 to 30 ft
(g.2m) from roadway

i i ., ,,,,,,

Sample H Route 4 South,mile 9.40, 100+ ft
(30.5m) from roadway ....

2.1 DESCRIPTIONOF EXPERIMENTS

Approximately 150 siberian wheatgrass seeds were deposited per pot in
premoistened soil and raked to a depth of 1/4 to 1/2 in. (0.65 to 1.3 cm).
The soil was then pressed firmly to ensure good seed-to-soil contact. Current
recommendedseeding rates at the Hanford Site are 15 lb (33.1 kg) pure
live-seed wheatgrass mix per acre in the field. This rate is equivalent to
5.3 seeds per plastic pot. The experimenters overseeded by a factor of almost
30 to ensure that a high number of live seed would be present in the soil
samples.

After the seeds were planted in the premoistened soil, water was applied
at an average rate of 1.01 oz (30 ml) day, or as needed (e.g., after
weekends). Moisturewas maintainedso that consistentgerminationswould
result. All trials receivedthe same amountsof irrigationat any given time.
Each trial lasted between6 and 10 days, and photographswere taken before

• disposingof each plot. In viable soil, the heightsof the plants were 2.36
to 3.15 in. (6 to 8 cm).

The sampleswere housed in a chamberwhere conditionswere controlled
withincertaincriteria (i.e.,the observedaveragetemperaturewas between29
and 32 °C and observedhumiditywas consistentlybetween25 and 35 percent).
An exhaustfan providedgood air circulationand ran concurrentlywith the
lightingsystem. The lightingconsistedof three 4-ft (I.2-m)soft-white
florescenttubes of 60 watts; there also was one incandescentbulb of
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100 watts. The lightingwas providedon a cycle of 14 hours light and
10 hours dark for any 24-hourperiod. An automatictimer was set on real time
and providedlight between6:00 a.m. and 8:00 p.m. (to minimize any effects
from lightingin the buildingduring the day).

In Trials 1 and 2, fertilizer([NH_]2SO4 [21 x 0 x 0]) was appliedat the
equivalentrate of 20 Ib (9.1 kg) of nitrogenper acre. Fertilizerwas not
appliedto Trials 3 and 4 so that a comparisonof the germinationtimes could
be made. Fertilizerhad no significanteffecton the germinationrates or
time. The first germinationsappearedon days 4 and 5 fer all trials. At the
end of each trial, randomcountswere made to determinethe number of
germinationsthat occurredin the plots. Approximately70 to 80 percentof
the seeds in viable soil germinated.

Based on the resultsof the first three trials,Zone E showedthe most
residualherbicideactivity. Trial 4 was a detailedsamplingattemptingto
determinethe locationof the herbicide(s)in the soil strata. Therefore,
additionalsampleswere collectedfrom the originalRoute 4 South site. An
intactcore samplewould have been ideal but, becauseof the large rocks
presentand the lack of necessaryequipment,anothermethod was used. Using a
shoveland yardstick,each layer of soil was carefullyscrapedand collected.
The followingdata are for Trial 4 only (alsorefer to Table 2):

• Sample E-I - 0 to 2 in. (5.1cm) belowgrade
• Sample E-2 - 2 to 4 in. (10.2 cm) belowgrade
• Sample E-3 - 4 to 5 in. (14.4 cm) belowgr=de
• Sample E-4 - 6 to 8 in. (20.3cm) belowgrade
• Sample E-5 - 8 to 10 in. (25.4 cm) belowgrade
• Sample E-6 - 10 to 12 in. (30.5cm) belowgrade.

Table 2. Sample Locations(Trial4).
.... ,,.., .n ... ,,,

Sample Location
description

ill , .llm|,

Route 4 South,mile 9.40, 0 to 2 in.
Sample E-I (5.1cm) belowgrade

,

Sample E-2 Route 4 South,mile 9.40, 2 to 4 in.
(10.2cm) belowgrade

,,i i

Route 4 South,mile 9.40, 4 to 5 in.
. Sample E-3 (15.2cm) belowgrade

- , , ,m, ..,

Sample E-4 Route 4 South,mile 9.40, 6 to 8 in.
• (20.3cm) belowgrade

- - lib ,,, ,i ,,,,

Route 4 South,mile 9.40, 8 to 10 in.
Sample E-5 (25.4cm) belowgrade

,, ,,,

Sample E-6 Route 4 South,mile 9.40, 10 to 12 in.
(30.5cm) belowgrade,,,
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An intactcore samplewas collectedat a depth of 12 to 18 in. (30.5 to
43.2 cm), using a coffee can that was driven into the sand under the road
base, and the excavationtook place at that depth. The can was separatedin
half, and siberianwheatgrasswas plantedfollowingthe same procedureas
previouslyused. Trial 4 was conductedin the same manner as the first three

- trials.

3.0 RESULTS

Herbicidewas appliedon the Route 2 South roadsideon April 23, 1993.
This was the first such applicationin more than 24 months on the Route 2
South roadside. This suggeststhat any observableherbicideactivitycan be
attributedto the April 23 application. Route 4 South has receivedmore
frequenttreatment,in comparisonto Route 2 South, for undesirableplant
growth in the last severalyears. The effectsof herbicideon Route 4 South
is a resultof a rigorousweed controlprogram.

At the Route 2 South samplesite, the April 23 herbicideapplicationwas
very effective,althoughunder ideal conditionsprovidedin the experiment
wheatgrassge-minated. As expected,the greaterthe distance from Route 2
South roadsidethere was a slightlyg_'eaterrate of germinationand vigor of
the seedlings. A controlsamplewas t_ken at 100 ft (30.5m) from the
roadsideand presumablyhad no herbicideactivity;all other samplesfrom the
Route 2 South site were comparedto this controlsample.

The Route 4 South samplesite also exhibiteda lack of plant growth,
similarto the Route 2 South roadside. The distancefrom the roadsideat the
Route 4 South site correlatedto the rates of germinationand growth. The
lowestgerminationrates occurredin the sampleless than 20 ft (6.1 m) from
the roadside,and the highestgerminationrates occurredin the controlsample
100 ft (30.5m) from the road surface.

Trial 4 was a detailedsamplingof the site and zone that exhibitedthe
greatestresidualherbicideactivity. Site 2 of Zone E had the lowest
germinationsof all plots. This patternwas perpetuatedin the samplesthat
came from depths less than 6 in. (15.2 cm). These samplesshowed littleor no
germination. Samplesfrom the 6-to-tO-in.(15.2-to-25.4-cm)rangesshowed
slightlyhighergerminationrates,and the samplesfrom plots greaterthan
12 in. (30.5cm) showedthe highestrates from Trial 4. The intactcore
showeduniformgerminationrates and growth rates.

• The FiguresI through6 are a statisticalanalysisof the collecteddata.
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Figure 1. Zone "E"-Effectof Depth (AveragePlant Height).
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Figure 5. Site and Zone Effects(Numberof Seeds Germinated).
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4.0 SUMMARYANDCONCLUSIONS

The soils most suitablefor germinationand sustainingplant growth right
up to the road surfacewere along Route 2 South. Successfulrevegetationalso
might be accomplishedalong Route 4 South at a distanceof greaterthan 20 ft
(6.1m) from the roadway. The intactsoil core showeduniformgerminationand
growth,indicatingthat therewas no residualherbicideactivity. The
greatestactivitywas found at depthsbetween0 and 4 in. (10.2 cm)
belowgrade.

The resultsof the germinationtrials providesevidencethat revegetation
might be successfulon Route 2 South. Unfortunately,certainfactorsdiminish
the validityof these findings: the experimentprovidedideal conditionsfor
germinationsand growth and over seededby a factorof almost 30. Also,
roadsidesare typicallytreatedequally0 to 20 ft (0 to 6.1 m) from the
roadside;but during roadsidemaintenanceoperations,materialsare moved from
near the roadsideand then "feathered"back, so the mixing of treatedand
untreatedsoil is an indeterminatevariable. So the resultsof the soil
effectsmay be significantto parts of, but not the total, treatedroadsides.

5.0 REFERENCES

Hartley,D., and H. Kidd, eds., 1987,The AgrochemicalsHandbook,2nd ed.
(England: Royal Societyof Chemistry,1987).

Montgomery,John H., 1993,AgrochemicalsDesk Reference,Lewis Publishers.
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FINAL TRIALMEASUREMENTS

A-1



WHC-MR-0426

The followingtable is the final measurementfor each trial,the
"Vitality"column is a subjectivemeasurementthat is includedas a guide to
the relativevigor of the seedlings(Scale: 0 = no germination,10 = most
vigorous).

Table A-I. Trial Measurements. (5 sheets)
iii iii,,ii ..............

• Trial I
i|ii iii| i

Numberof plants Averageheight (cm) Vitalityi iiiiiii

Zone A
iilel iiii i

1 34 3.5 7
ii ii i,i, i,ii , i

2 37 3.8 7
i i i, m i i

3 38 4.0 7
i i i

4 34 3.3 7
Zone B

i,i ,,, .i. i ,, ,n, I "" I

1 36 4.0 7
i1,11 i

2 37 4.3 7
ii .,

3 33 4.5. 7
ii i iii

4 31 4.0 7
Zone C

,.,., ,,,

I 25 2.5 5
2 33 2.5 5

i, i i

3 38 2.5 5
ii i i

4 30 2.5 5
i i , , ,, ,,.,,,

Zone D
iiiiiii i

1 32 4.5 8
,i, ,11

2 38 4.6 8

3 36 4.7 8
i i,i i

4 36 4.6 8
Zone E

i i

1 3 0.5 1

2 0 0.5 1

3 6 0.5 1
• ,11 ,1|, ii i

4 5 0.5 1
i i ll,i, i

Zone F
i i

1 0 0 0
,11 i ii i,i

2 8 0.2 1
Ill

3 1 0.1 1

4 5 0.5 1,,

A-2
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Table A-I. Trial Measurements. (5 sheets)
,, ,,

,Numberof plants Averageheight (cm) ,Vitality
Zone G

,, ,, ,,,, , ,,

1 0 0 0

2 28 3.7 3
I II I Illl

3 22 1.5 3
41 i II II II I III

4 25 3.5 3
i i iiiiiii

Zone H
,,. .., i ,, ,, ,

1 35 3.5 7

2 36 3.5 7

3 29 3.5 7

4 31 3.5 7

Trial 2

Zone A
i , , m

1 0 0 0

2 18 1.5 6
,

3 26 2.0 6

4 32 2.0 6
..... , , ,.

Zone B

1 19 1.5 7
I

2 57 2.0 7 i

3 36 2.5 7
, ,.

4 32 1.5 7
, ,i l .l., .....

Zone C
,,, , i......

1 16 1.0 7
, ,. ,., ,,.,,, ,.

2 22 1.5 7

3 19 1.0 7

4 34 2.0 7

Zone D
r

1 42 2.5 9
, .......

2 36 2.5 9
,,. ,., ,i , .=- ,

3 37 2.0 9

4 50 2.0 9
, ,.,,,, |

Zone E

1 0 0 0

2 0 0 0

A-3
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Table A-1. Trtal Measurements. (5 sheets)

Number"lOf,,p_,!an,,ts Averag,,e height (cm) r mVIimaIity
3 0 0 0

i. iii i,iiiii i _ _ ii __ i

. 4 1 1.5 1
,,,,, .,,, , ,, ,,, ,, ,,,.., , .,, ..

Zone F

• 1 0 0 0
2 0 0 0

3 0 0 0
,, ,,11, ., ...........

4 9 1.0 1
pun. J , ,,,.,..,,. , ,, .,... i

Zone G

1 38 2.0

2 39 2.5 8

3 6 0.5 4

4 29 2.0 8
,,,,=, , ,.. ,,

Zone H

1 33 2.5 9

2 36 3.0 9

3 0 0 0

4 16 1.5 0
i

Trial 3
.

Zone A
,,,,, , , .. , =.,

1 36 3.0 5
i

2 12 2.0 5

3 39 4.0 5
,., ,, =,,, .,

4 1 2.0 5
_

Zone B
, . _ __ , ,,,,

1 45 8.0 8

2 28 7.0 8
,, , , ,, ,,,.,,, __

3 32 5.5 8
• ' , ,, ,,,,

4 36 9.0 8

Zone C
q

1 17 5.0 8

2 19 7.5 8

3 12 4.5 8

a 28 8.0 8, ,, ,,,, ................

A-4
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Table A-1. Trtal Measurements. (5 sheets)

...... Number,,,,ofplants AV,elrag,,eheight (cm) Vitality
Zone D

• 1 33 8.5 g
i ,i i ii ,., i,i

2 38 7.0 g
3 32 8.5 9

41 i IIn| I I I uul I I I ,I I I Illlll I

4 22 6.0 9
II I I

Zone E
i

1 0 0 0
i • i H

2 0 0 0
Ill Illl .|' I

3 0 0 0
i II I I

4 0 0 0
i Ill .I

Zone F
ii i i i. llll

1 2 1.0 2
II Ill

2 3 1.0 2
i II I

3 0 0 2
i II

4 4 0.5 2

Zone G
i i i

1 52 5.0 8
i ill i i i

2 48 2.0 8
i

3 5 1.0 3
I'll I 'll '.,I I"

4 12 2.0 5
,,

Zone H
i

1 22 6.0 9
-,i i i lIH .'' I "

2 15 6.5 9
, ii,

3 18 7.0 9
ii i,i i i

4 22 8.5 9
u i i_, ,.. i . ,,

Trial 4
i

0to2 in.

° Zone E-1 ..............
ii i.i ill

1 0 0 0
e, a ,,,, ,,, ,,, ,,

2 0 0 0

3 2 2.5 2
ii i

4 ..... J 0 0 0

A-5
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Table A-I. Trial Measurements. (5 sheets)
......

Numberof plants Average height (cm) Vitality
, __ __ ., .,

2to4 in.
i.,,i.i _ ,...,i

, Zone E-2,.,. i

1 1 1.5 2

• 2 3 1.0 2-- ,,,,,,

3 0 0 0
i i i,

4 0 0 0
- iii ii |,., iii ml i,

4 to6 in.
.ii ,HI H .ii |ii

Zone E-3
.,... ii i,HI iii, ,= ,

1 0 0 0
,i,i i m,l,i i iii, ,

2 I0 3.0 4

3 8 4.0 4
,,

4 12 2.0 4
,.,,, i i.. | .,,

6 to 8 in.
HII . i ,,ii ii i i

Zone E-4
i i i .i

1 18 5.0 4
i i..1 i i .i i,i i ,i HI

2 13 6.5 4
IH ,,. ,,,

3 14 4.5 4
, ,,, i i i ,H i i,., i

4 10 3.0 4
,,11 , i ii, ,,, i,ii i ,i

8 to I0 in.
.. ,,.,,,

Zone E-5
., -- -- i,i. .ii ,,

1 8 3.5 4
i i i | i . iii ,

2 15 5.5 4
,,,,i ,i,,i H ii ' i,i H i i

3 24 7.0 5
. i i i

4 21 6,5 5
.11 i i i

10 to 12 in.
. i,,,i ii i.. i ii iii i1.1 i

Zone E-6
.., i HII

I 5 1.0 5
8 i |

2 10 3.0 3
i

3 12 4.0 4
e_ -- i i .i _

4 17 5.5 5......

A-6
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