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ABSTRACT

Aquatic izipacc scudies c: she synchacic pyratiiroid, Psraethrln,

allied co :or=£C: sor.cs and shears wars conducted ir. 1?"3. Dcub-la

applies;tens 3i 17.5 g/ba Psrmechrin cssultad ia substantial redactions

of sauacic invertebrate peculations, vich che effects cf ir.e second

applications significant ir. further reducing populations ic a pcir.t ai

which recovery of Eiuatbsrs was delayed for ac l£aa; a -or.cn and a half.

:To Iaciaert-3 3f fish nioriaii;v vera docmaeilt ad, however. fish food

acganisas vere affscted Co ar. a:c;=r.c chac che iiac ;f nacive slisy

sculp ir., T--—to ■zcgvazr-XS Sichardsoa, populanior.s s'r.iziad frcm various

acjuacic ir.s=c:3 Co =lr.osz axclusiveiy ziiiga larvaa f:r I aoscsoray

period of ac laas^ -o days. SLettirn zo a aorT.ai di = c was Svidenn by

four aonchs aftar ;r=a;zer.;. '■.'azer analysis rasulis ir.cica:=d r'r^c

Penecr.rir. resid-aas never =xo = ad~d -easurad quaatitlaa :f 2.6 -5/I and

fall to below "he linlis of deEaccior. (0.25ug/l) within 11 hours ir.

RESUME

Des acudas de ^'influence ds la ?arr?.echrir.a pv-rachrsida

synch^tlcue sur la fauna aquacique des aranas at ruisseau;^ drz eu

lieu ea 1378 . 1'na double applicaiion is Peraeciiriae A raise- ■&€

17 .5 g/'3a dirainua subscantielleaien- 1=5 populacior.s dr tnvartSbr^s

acuacizuas. las affeta da la dsuxiSss applicaticr. fursnt plus

si|r.ificatifs =r. ca qu'eile radulsii davancage lea popuiacions, a tel

potr.r :--a la racablissa^ieac de Isur noebra fut d 'ur.e durae d'aa noins

ur. nois ar ieai. On r.'a isu^afci- :bser""= aucutie -or:alir= ;hez l=s

poisaons, bier, cue les organismeB done s'alliaerttent: las poiasans

Euaaenc aifeciis su point qua I1 ili-er.ca-iorL das callicny^as lisioneux

indigenes, Cc~~*s GGgwa~U8 ^i;hardson, changes ds divers ir.sacies

aquaciques lu'elle ecai", r.o^r =a lini:=r prestjua esclusivecjeat a'_^c

lar/as de aauchecons par.dar.^ au aoitis -^5 jours apres 1'application.

On a sisr.ala tin ra^our evider.c a '-r.a aliT.er.carior. r.cirzsie, quaere nois

aprss Xm :rai:a-en:. L1analyse da 1'aau indiqua qu« Leg resiius de

Peraechriaa a'exc@d5renc _-=rjii= le= auaacicfis aesurees da ;.■: zi§/i at

Camberaat au-d*ssoua dzs li^iiias da dacaction (0.25 tssg/1) dans 1'espace

de 12 r.euras cans las ruisaeaux sc da -5 heures dans les 4;ar.s=.
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INTRODUCTION

Research into the development of environmentally acceptable

forest pest control methods has recently focused on the potential of a

synthetic pyrethroid, Penaechrin, as a chemical insecticide. The

Forest Pest Management Institute (formerly Chemical Control Research

Institute) has previously studied and reported on the effects of

Permethrin applied at races of between 35.0 and 1-iO.O § Al/ha to trout

streams and lakes (Kinesbury 1976a and b, 1977). Spruce budwor~,

Chavisvoneura flmifSvana (Clemens), efficacy tests conducted ir. 1977

indicated that multiple treatments of 17.5 g Al/ha Permethrin were

effective in controlling budwor^i populations (De3oo, pers . conm.) .

In 1973, Chipman Inc. applied to the Department of Supply and

Services and was granted funding through the unsolicited proposal

program for research into the effects of double applications of 17.5 g

Al/ha permethrin. This involved studies of the environmental impact

and fate of pesticide residues in terrestrial and aquatic ecosystems

of an eastern Ontario forest block and in coldwater streams of the

Gaspe Peninsula. This study of impact on forest ponds and streams was

part of the program and was directed by the Environmental Impact Section

of the Forest Pest Management Institute in cooperation with Chipman Inc.

SITE DESCRIPTION

Pond Siudiss

Impact studies on lentic organisms were carried out in Larose

Forest, near Ottawa, Ontario. Several small semi-permanent ponds in a

poorly drained spruce-pine, Picea glauca (Moench) Voss, Finus stTdbus L.,

plantation were selected for study. The three treatment ponds (Fig. 1),

approximately 1 km apart are surrounded by alders, Atnus sp., willows,

$al&£ sp., and wetland grasses providing little or no canopy cover.
Alder, spruce, maple, Acer sp., birch, Setula sp., and aspen, Populus

sp., trees border the control pond providing 5 to 10a cover. All ponds

are characterized by dark coloured water ranging in depth from 0.25 to

1.5 B, Bottom types consist of sand and silt heavily littered with

detritus, organic debris, and aquatic vegetation.

Strearr. Studies

The treatment study streams are pare of the watershed system

draining the boreal, spruce-balsam forest lands of Temiacouata Count-,-,

near Lac Temiscouata, Quebec (Fig. 2). North Baker Brook originates

southwest of Lac Temiscouata and flows in a southeast direction to the

Saint John River. The unsprayed headwater portion of North Baker 3rook

was used as a control station while the mid section of the scream was

established as a treatment area. Little Baker Brook is one of the
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Fi gure 1

Location of Strt'juit Study

atci County , Quebec



larger tributaries of this river system and intersects North 3akar 3rook

approximately 4.0 km downs cream from the North 3aker station (Fig. 3).

A treatment study area was selected on Little Baker Brook about 0.7 km

upstream from the confluence. A supplementary station was chosen as

Downstream Baker approximately 1.7 km below the North Baker and Little

Baker junction.

Ruisseau de la Pointe au Sable is a much smaller river with no

major tributaries and flows into the northeast corner of Lac Temiscouata

(7ig. 4). A survey station was established on this stream approximately

0.5 km from the mouth. Table 1 summarizes the physical and descriptive

features of each of these streams.

METHODS

Sits Sslscticn

The ponds and streams used in the study program were selected

on the basis of sampling accessibility, public acceptability, and

apparent capability of supporting viable populations of aquatic fauna.

Other factors such as surrounding forest type, existing canopy, and

suitability for aerial pesticide application were also considered.

Insecticide Application and Deposit

Two applications of the synthetic pyrethroid, Permethrin , at

a dosage of 17.5 g Al/ha were made within a six day interval (31 May

and 6 June 1978) to the spray plot in Larose Forest. Permethrin mixed

with insecticide diluent 535 and automate "3" dye was delivered at the

rate of 1.34 i/ha by a Pawnee D aircraft fitted with model AU 3000

Micronair atomizers (Fig. 5) . Sixty metre swaths were sprayed from a

height of approximately 15 ai above the forest canopy.

The study streams in Quebec were treated with double applica

tions of 17.5 g Al/ha Permethrin2 at five day intervals (13 June and
18 June, 16 June and 21 June 1978) . The spray was emitted at the rate

of 4.63 i/ha from an AU 3000 Micronair system mounted on a Cessna 135

flying single swaths up the stream bed (Fig. 6). As a general rule,

the spraying was initiated immediately downstream from the sample

station and terminated approximately 5.0 km upstream.

Permethrin 50% oil concentrate, 500 g Al/i, Chipman Inc.

-North Baker 3rook, Ruisseau de la Pointe au Sable - Permethrin 50%

oil concentrate 500 g AI/!., Chipman Inc.

Little Baker Brook - Permethrin 300 g AI/2 solution, Shell Canada Ltd
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Figure 5

Pawnee D aircraft applying Permethrin

to Larose Forest, Ontario

Figure 6

Cessna 185 aircraft applying Permethrin

to study stream, Temiscouata County, Quebec



Deposit was measured on double aluminum plates, one place

covered with a 100 cm2 Kromekote paper card. The plates were placed
at approximately 15 m intervals on floats or stakas in Che water ana
along the banks'. After the spray the deposit samplers were transported
to the laboratory- for volumetric deposit analysis. The aluminum plates
were washed with 5 ml of absolute methanol and the amount or dye m
the resulting solution was measured colourimetrically. Deposit on tne

Rromeko;:- cards was determined using a spct-couniing system (Hurrig

et al. 1953) .

Insecticide Residue Analysis

Samples of fish, stream bank foliage, surface water, and

bottom sediment were taken periodically before and after the pesticide

applications for analysis of Permethrin residue. In Larose Forest,

fish were collected from a supplementary sample pond (Fl, "Fig. 1)
within the treatment area. Water and bottom sediment were sampled
from one treatment (T-2), the control, and the fish pond.

Water, foliage, and fish residue samples were taken period

ically from each of the study streams in Quebec.

Insecticide residues were analyzed by the Technical Department

of Chipman Inc. in Stoney Creek, Ontario. A representative 50 g

sample of foliage was macerated in a blender containing 200 ml of

30;!:20%, V:V, hexane:acetone. The ground material was filtered, and

extracted three times with 150 ml distilled water and 25 ml of a 1 M

sodium sulphate solution. The lower aqueous and emulsified material

phases were discarded then each time. A 40 ml portion was drained

off after extraction and evaporated to near dryr.ess, and made up to a

final volume of 10.0 nl. A 2.0 ml aliquot of this solution was put on

a chromatographic column containing 2 g of Mercxogel and washed with

25 to 35 ml of hexane to remove the impurities, followed by 15 rr.l of

2.5?: diethyl-ether in hexar.e solution to elute the Permethrin. This

volume was collected, reduced to near dryness on a rotary evaporator,

redissolved in hexane, and then transferred to a 5 g activated

florisil column for final washing with 25 to 35 ml of hexane. The

?err.ethrin was then eluted with 50 mi of a 5% diethyl-ether in hexane

solution. This eluace was collected and its volume reduced -o 2.0 ml

from which a 7.5 yi fraction was taken and injected in a gas chromato-

sraoh fitted with an electron capture detector. A concentration (ppm)
was derived by comparison of its peak with a reference standard peak.

A representative 100 g sediment sample was ground, filtered,

and extracted as per foliage. An 30 ml aliquot was collected from

the extract and reduced to a volume of 10.0 ml. Of this, 2.0 ml were

cleaned on a 10 g activated florisil column with 15 ml o: hexane.

The Permethrin was eluted with 175 ml of a 5" diethyl-ether in hexane

solution. The volume of the eluace was then reduced to 2.0 ml from

which a 7.5 ;:; portion was injected in the chromatograpn.
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Two litre water samples were extracted twice with 100 ml of

hexane and rinsed with a further 25 ml of haxane. The solvent contain

ing the extract and the rinsings was collected, consolidated, and reduced

to a volume of 10.0 ml. From this, a 2.0 ml aliquot was cleaned on a

Merckogel column with 10 ml of hexane. The Fermethrin was eluted with

10 ml of a 2.5% diethyl-ether in hexane solution. This eluate was then

collected and reduced to 2 ml from which a 7.5 yl fraction was sampled

and injected in the gas chromaCograph.

Twenty grams of whole fish were ground for 3 minutes in 40%:60",

V:V, acetone:hexane (150 ml) and granular anhydrous sodium sulphate

(100 g), transferred to a 3uchner funnel, and filtered through a So. 4

Whatman filter paper into a Erlenmayer flask by suction. The filtered

icaterial was extracted a second time in 50 ml of extraction solvent,

then re-extracted and filtered as above. Acetone (100 ml) and ethylether

(100 ml) were used to rinse the blender container and then passed through

the previously filtered material. The extract was transferred Co a

round bottomed flask and evaporated to dryness or until a film of oily

extract remained.

The extract was re-dissolved in 20.0 ml ethyl acetate, from

which a 10.0 ml aliquot was taken and transferred to a separatory

funnel. This was partitioned with 50.0 ml acetonitrile saturated with

hexane and 25.0 ml hexane, and set aside for 10 minutes to allow the

phases to separate. The lower phase (acetonitrile) was transferred

to a second separatory funnel and the hexane phase partitioned with

10.0 ml acetonitrile saturated with hexane. The two acetonitrile

phases were combined and partitioned with 25.0 ml hexane, and left

for 5 minutes to allow for separation. The hexane phase and any

emulsified materials were discarded.

A 70 ml acetonitrile aliquot was drained off, transferred to

a round bottomed flask, and evaporated to dryness with a rotary evap

orator. The dry extract was re-dissolved with hexane and transferred

quantitatively to a graduated centrifuge tube, resulting in a final

volume of 10.0 ml. A 7.5 yi fraction of this solution was injected

in the gas chromatoeraph for comparison with a reference peak.

Water Quality and Stream Flow Analysis

Water quality parameters were measured in the field before

and after the Perrr.ethrin applications, using Hach model AL-36B and

DR-EL/2 portable test kits. Water volumes were not determined in the

study ponds, but relative depth measurements were made at each sampling

time to provide an indication of changes in water levels.

Stream flow was calculated using the following formula:

width (:n) x average depth (m) x current velocity

(m/sec) = m3/sec stream flow
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Measurements were taken with 5 metre stick and either a Teledyne

C-urley Mo. 625 Pygmy Current: Meter or a Teledyne Gurley No. 665 Direct

Reading Current Meter.

Biological Sampling

Zooplankton. ?re- and post-spray sampling of zooplankton

populations was conducted in the study ponds

using a 12 1 Schindier-Patalas plankton trap (Schindler, 1969) . The

samples were immediately preserved in formaldehyde and taken to the

laboratory for subsequent counting and idencificatian.

Drifcinq Organisms. Numbers of drifting invertebrates in the

study streams were monitored with the use

of drift nets before and after the spray applications. The nets,

measuring 0.47 x 0.32 m, were positioned in the streams to collect

drifting organisms from a column of water for a predetermined length

of time (Figure 7). The nets were placed such that a water column was

sampled from the surface to the stream bottom where possible, and from

the surface to the net bottom where water levels exceeded the height of

the net opening. The current velocity and the depth of the water at

the net opening were measured and recorded with each sample (Fig. 8),

The collected organises were picked from the samples and preserved in

30% methanol to be counted and identified in the laboratory. The

resulting numbers were then quantified and expressed as organisms per

cubic metre of water using the following formula:

number of organisms collected

depth of water column sampled (m) x width of net opening (0.47 m) x

current velocity (in/sec) x sample duration (sec)

Drift samples were taken twice daily, morning and evening,

before and after the spray, and at aore frequent intervals immediately

following each treatment.

Bottom Dwelling Organisms. 3ottom fauna populations were

periodically assessed in each of

the study areas with the use of a 0.093 m2 Surber sampler (Surber, 1936)
The pre- and post-spray samples collected from the Larose Forest ponds

were preserved whole in 10% formaldehyde and later picked, counted,

identified, and tabulated as number of organisms per sample.

Surber samples from the study screams were picked immediately

and preserved in 30% mechancl and subsequently counted, identified, and

presented as mean number and standard deviation of four samples. Or

ganisms collected from four randomly chosen rocks (approximately 20 cm

in diameter) at each stream station were used to supplement the bottom

rauna population study. The invertebrates were picked and documented

in the same way as described for stream surber sampling.
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Figure 7

Drift net being set in stream sampling

station

Figure 8

Stream velocity measurement being taken

at drift station
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Non-target Insect Knockdown. Qualitative sampling of the non-

" target insect kill in the Larose

rorast experimental spray area involved cha collection, preservation,

and identification of dead insects found floating on the surface of

the ponds. Collections were made immediately following and for several

days after the Perrtethrin applications.

Terrestrial insect knockdown was measured quantitatively with

the drift nets set in the study streams. Terrestrial organisms were

separated from the drift samples, counted, identified, and recorded as

number of organisms per 10 m- of surface water flowing through the net,

calculated as follows:

numoer or organisms

width of net opening (0.47 a) x currently velocity (n/sec) :< sample

duration (sec) x 10

Other Invertebrate Mortality. Supplementary invertebrate

mortality studies in Larose

Forest involved placing live organisms in fine mesh ba§s suspended just

beneath the surface of the treatment and control ponds. The number of

living organisms in each bag was tallyed at regular intervals before

and after Che pesticide application. The invertebrates used in this

study included adulr predacious diving beetles (Coleoptera: Dytiscidae),

water boatmen (Hemiptera: Corixidae), whirligigs CColeoptera: Gyrinidae),

caddisfly larvae (Trichoptera), dragonfly nymphs (Odonata: Anisoptera),

non-bitina mosquito larvae (Diptera: Chaoborus), and water mites

(Hydracarina).

Fish Diet and Mortality. Studies of fish mortality in Larose

Forest were conducted in a rr.anner

similar to Ghat described above for invertebrate mortality. Several

species of fish including cyprinids (pearl dace, Semotilus morgavita

(Cope), golden shiners, Xotemigomis orysolsuaaa (Mitchill), common

shiners, NotTOvtd oomutus (Kutland) , central mud-minnows, 'Jmbn; Izm,

(Rutland), and brown bullheads, IStaluruB '".sbulosus (Lesueur) , as well

as frog larvae, Sana olcrrltir.s (Latreille), were caught in a 50 ft seine

and placed in screened plastic containers suspended in the treatment

and control ponds. Prior to and at intervals following the Permethrin

applications, the living organisms were counted and recorded.

Fish mortality studies as such were r.ot included in the Quebec

stream study pro2rarn, however, direct observations on fish populations

within the study streams were recorded.

Indigenous fish populations from each of the streams were

sampled with the use of an electro-shocker for measurement, sexing,

and diet analysis. Total length, fork length (when applicable), weight,
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and sex were determined for each of a minimum sample of 10 fish using

a measuring board, an Ohaus 1600 gram capacity balance, and dissecting

tools. "The stomach from each of the fish was extracted and preserved

to be opened later and analyzed for concent and volume. The slimy

sculpin, Cottus oagnatUB (Richardson) was the main species collected

for this study, although samples were occassionally supplemented with

ling, Lota lota (Linnaeus), and brook trout, SalveliraiS foniinalis

(Mitchell).

RESULTS

?cnd Studies

Water Quality. Most water quality parameters measured in the

ponds fluctuated to some extent throughout Che

sampling period (Table 2) . The Inconsistencies appeared Co be related

to weather and seasonal changes with steadily increasing temperatures

and decreasing water levels. Periodic water level measurements indicated

a total drop of 56 cm of water in the control pond and a reduction of

18 cm in T2 pond, while Tl and T3 had completely dried up by the end of

the three month sampling season.

Insecticide Deposit. Measurements of insecticide deposit from

the first application show that the percent,

mean density, and mean droplet diameter values of the deposit increased

consistently from the southemtnost to the northernmost pond (Table 3) .

The second application resulted in variable volumes and droplet densities

but virtually identical droplet sizes were deposited in all four treat

ment ponds. Deposit volumes determined by the spot counting analysis

varied from 0.16 to 2.44 1/ha (12.1 to 182.0" deposit) while the

colourimetric analysis produced results ranging from 0.25 to 1.07 1/ha
(IS.7 to 79.9% deposit). Unusually high results were obtained from

the spot counting method in instances where the aircraft passed

directly over the deposit samplers resulting in a high density of large

droplets deposited.

Insecticide Residues. Measured amounts of Permethrin in water

samples from the treatment ponds never

exceeded 2.66 yg/i and did not persist beyond 43 hours (Table 4). The

sample ponds contained 2.3 to 4.5 times greater amounts of pesticide
following the first application than the level of residues found in the

water after the second application. The pattern of insecticide degrada

tion was similar after both sprays with no detectable amounts of

Permethrin found in Fl after 12 hours and in Tl after 24 hours. No

insecticide was detected in the water of the control ponds following

either
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Table 2
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7

6

7

5

3

5

5

6

5

8

4

3

8

6

5

6

10

4

7

6

4

4

6

8

6

4

3

3

3

5

2

1.5

10.0

7.1
"* 1
/ . _

7.5

7.5

7.2

S.O

5.0

>;/A

5.0

5.2

6.2

5.S

a . Z

6 .6

6.3

6 .5

6.0

5.0

5.3

4.9

5 .7

5.5

5.3

6.0

5.3

6.0

S/A

5.5

5.:

S.i

%j ■ »

O . «

6.3

6. 5

5.6

6.7

137

160

60

110

30

60

110

icO

150

170

51

50

60

50

50

45

40

40

40

51

50

50

40

50

30

40

40

40

30

55

90

90

50

4Q

90

100

80

M/A

80

10

5

10

70
70

100

10

N/A

40

30

20

30

25

10

10

20

XI .1

50

40

5

5

15

10

10

10

N/A

14. J

35

20

25

10

50

20

M/A

75

10

60

50

50

75

100

70

N/'A

M/A

275

335

375

325

350

250

10

10

M/A

500

-75

500

500

5:0

5 CO

20

10

M/A

W'A

350

200

225

260

230

150

175

125

j-rec with 17 . 5 on jj. May sne asair. luna



Table 3

Deposit .analysis of W.5 g AL/ha Permetbrifl applied at an e

raLe of L. 3^» 3/h.T to sLudy ponds

Laroue Forestt Ontario

L978

Cnhtru]

T3 *

T2*

T3*

First spray

Second spray

Kirat spray

Second spray

Firut spray

Second spray

FlraC spray

Second spray

First spray

Second spray

Sput Counting Analyst*

O.OO'i

0.16

0.25

0.2G

2.43

o.5y

0.70

2.02

2.44

Z depoai C

0.0

0.3

L2. 1

is. a

39-5

IHJ .3

52.3

3 5O + ^.

182.0

Colon r Liaetr i

1/lia X

0.0

0.0

0.25

0.2'J

0.37

0.87

0.64

0.43

0.86

1,07

c Analysis

o.o

0.0

113.7

21.fi

27.6

6A.y

47.S

32. J

64.2

79.9

Mean liunsi I y

(Drops per cm1-)

0.0

I). 7

L7.2

/.IB

2^..7

68.7

33.7

23.3

55.1

70.4

Mean Uroplet

Diameter Deposited(V)

42./.

49.7

82.7

32.7

83.:i

61.)

82.0

77.2

82.8

treated wi Lh 17.5 y AT/hn PerniHtUrln «n 31 M:iy and ij^^iin an 6 June
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Table 4

Pennethrin residues in water from ponds

Larosa Forest, Ontario

1978

Sample

Period Control Tl Fl

First Application

2 hr N.D. 2.5 ppb. 2.6 ppb.

12 hr N.D. 0.70 ppb. 0.40 ppb.

24 hr N.D. 0.25 ppb. N.D."
43 hr — M.D. M.D.

96 hr M.D. M.D. N.D.

Second Aoclication

2 hr

12 hr

24 hr

48 hr

96 hr

7 dav

14 dav

21 dav

28 day

M.D.

M.D.

N.D.

N.D.

M.D.

M.D.

—

—

1

0

0

.1 ppb.

.36 pp b.

.26 ppb.

N.D,

N.D.

N.D.

N.D.

M.D.

N.D.

0.58 ppb.

0.27 ppb.

N.D.

M.D.

M.D.

M.D.

M.D.

N.D.

M.D.

Limits of detection = 0.25 ppb.

N.D. =» nondetectable
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Pesticide residues la bottom sediment samples taken from T2

pond did not: exceed 0.040 yg/g but persisted at a concentration of

0.010 ug/g for ac least 28 days (Table 5). Detectable amounts of
Permethrin were found in the control pond bottom sediment samples

after the second application.

Fish samples from the Fl pond indicated than PermeCtarto residues

reached a peak concentration of 0.12 ug/g in the fish 2 hours after Che

first application and then fell to below the limit of detection within

12 hours (Table 6). The second application resulted in a second

accumulation of pesticide in the fish (up to 0,08 ug/g) which remained

fairly stable for the duration of the sampling period (28 days) . The

occurrence of Pennethrin was also documented from several untreated

control fish samples.

Zpoplankton. Results from zooplankton sampling in Larose

Forest showed drastically fluctuating populations

but did not indicate an effect of the Permethrin applications.

Although zooplankton in the treatment ponds were reduced following

the pesticide applications, a similar occurrence was documented for

the control pond (Appendix Tables 1-4) .

Bottom Fauna. 3ottom fauna sampling did not indicate a

significant overall effect of the Permethrin

applications on bottom dwelling invertebrates, lumbers in samples

fluctuated to a large degree but generally corresponded to similar

changes in the control pond (Appendix Tables 5-8). Evidence of an

impact of the pesticide was apparent only amongst three bottom fauna

groups. Trichoptera larvae disappeared from all three treatment ponds

immediately after the second spray, while Culicidae larvae were

reduced from a prespray average of 3.9/0.093 m2 to a postspray
average of 0.2/0.093 m2. Chironomid numbers declined substantially
in two of the treatment ponds following the second application, and

while they remained virtually absent in one of the ponds, the popula

tion in the second pond reached and exceeded prespray levels within

two weeks.

Non-tarast Insect Knockdown. Following the first application

to the forest ponds, large

numbers on dead water boatmen, predacious diving beetles, whirligig

beetles, and adult dragonflies were found in some of the treatment

ponds, mostly within 24 hours of the spray. Smaller numbers of dead

insects were found after the second treatment but over a longer period

of time. Visual counts indicated that surface insects (water striders,

whirligig beetles) disappeared from the treatment ponds and did not

return within the monitoring period although still present at the

untreated control pond. Insects apparently affected to a lesser

extent included dragonfly nymphs, giant water bugs (Hemiptera:

3elestoma), and predac ious diving beetle larvae .
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Table 5

Peraethrir. residues in sediment from sends

Larose Forest, Ontario

1978

Samole Period

First Applicat

2

12

1

2

ion

hr

hr

day

day

day

Second Application

2

12

1

2

4

7

14

21

28

hr

hr

day

day-

day

day

day

day

day

Con

H.

H.

N.

N.

N.

0.01

—

0.1C

N.

N.

N.

o.o:

M.

CtoI

D.

D.

0.

D.

D.

6 ppm""

ppm*

D.

D.

D,

D.

: ppm*

D.

0

0

0

0

0

0

0

0

0

0

0

T2

.030

.020

.040

N.

.030

X.

.040

.010

.025

H.

.025

.007

.010

.010

ppm

Ppffl

ppm

D*.
ppm

D.

ppm

ppm

ppm

D.

ppn

Pp™

ppm

ppm

N.D. - nondeteccable

Limic of detectior. - 0.005 ppm

page 37 for comments
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Table 6

Peraiethrin residues in fish from ponds

Larose Forest, Ontario

1978

Sample Period

First Application

1 day prespray

0 day orespray

2 hr

12 hr

1 day

2 day

h day

Second Application

2 hr

12 hr

1 dav

2 day

4 day

7 day

14 day

21 day

28 day

0

0

0

1

Control

.06 ppm*

—

.06 ppm*

—

N.D.

—

N.D.

>;.d.

—

S.D.

—

—

.16 ppm"

N.D.

N.D.

.10 ppm*

Fl

—

N.D.

0.12 ppm

N.D.

N.D.

N.D.

N.D.

0.07 ppm

0.08 ppm

0.08 ppm

0.03 ppm

0.08 ppm

0.06 ppm

n.dV
H.D.

0.05 ppm

M.D. - nondeteccabie

Limit of detection - 0.01 ppm

*See page 37 for comments
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Other Invert-brace Mortality. Studies of Che effaces of

Perafithrta on selected aquatic

invertebrates exposed to Che treatments in Larose Forest are doc

umented and summarized in Table 7. Definite results were difficult

to attain because of inadequate insect caging facilities, increasing

water temperatures and decreasing water levels. However, the data

imply that caddisfly larvae, water boatmen, adult predacious diving

beetles, whirligigs, and non-biting mosquito larvae were fairly

susceptible Co the pesticide, with most mortalities amongst these

groups occurring within 2 hours of the initial application. Water

mites and dragonfly nymphs appeared more resistant and survived for

longer periods of time.

Fish Mortality. Results from fish and amphibian mortality

studies in the forest ponds indicate that

the pesticide applications did not contribute to mortality of these

organisms (Table 3). The few occurrences of fish mortality in the

treatment ponds reflect similar losses in the control samples and may

be attributed to factors other than those induced by the Pennethrin.

applications. No observations of fish mortality among native fish

populations were made in any of the ponds.

Sirscvr, Studies

Water Quality and Stream Flow. Water quality of the study

streams appeared to be rel

atively stable (Table 9) . Water chemistry parameters were found to

be typical of those associated with coldwater stream types and

appeared suitable for sustaining fish and invertebrate populations.

Results from stream volume measurements, as outlined on Table 9,

indicate that the total stream flows declined by a moderate extent

over the sampling period.

Insecticide Deposit. Data from deposit measurements indicate

substantial variation with spot counting

analysis results ranging from 0.05 to 1.93 1/ha (1.0 to 41,2% emitted)

and colourimetric analysis data showing from 0.10 to 2.77 1/ha (2.1 to

59.2% emitted) deposit (Table 10). Shoreline samplers consistently

received less deposit than instream samplers (40 to 76% less), but

both shoreline and instream types indicated comparable mean droplec

sizes. Droplet sizes remained fairly consistent for each application

with the exception of the second treatment of Little Saker. Other

applications averaged mean deposited droplet diameters of 58.7 y

while the second application to Little Baker resulted in a mean

deposited droplet diameter of 46.2 u.

In all instances, deposit results from the colourimetric

analysis method were higher (10 to 51,") than those obtained from the

spot count ing calculations.
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Tnbla 9

i i-r ijii.i 1 11 y pnrawerera In m inly y I i l-;liiis

Tub 1 sciiiMTa Courtly , Quebec

I97B

SjiinjiJ e Dnce TuupcracuT* [il9iJi>lvi>J 03 fttrdnass A k k^ I inK v i>ll Volo»e

I .Inly

1 August

?S CtetabPT

10 June

I July

L A.if.iiKt

« Oiwbw

10 June

1 J..lv

1 August

25 October

10 June

1 July

1 August

2 5 OetofaM

1 ft .111 HI!

1 Jbl 1 V

| Al.i;,.'H

12

16

2

12

13

u
3

10

12

1'.

3

9

12

14

1

H/A

12

15

1

B

12

10

u

ID

12

in

9

9

II

|l!

9

12

10

9

11

N/

Ltttla rt*k*T ID June 11> U

f,

;

C»n(.r»] US Jijiil- 9 ^ L 7.5 U.O^S
'. J ?,5 n.o'j]

7 S ; .^ 0.0X4

b U 7.b Il/A

o« Sable 1U .Inn.- li 10 '. t B,n u.n?

t, 5. 9tl 0.164

in 9 B.5 0.OJ6

(, i /.5 PI/A

if..i n, is.^,-1 in June 10 10 5 4 /. *■ t*.sub

a

2

5

2

2

t.

H/A

ft.G

J.5

J.5

7.S

S

h.5

;,5

7.5

6.0

H/A

0. 2bd

N/A

ii.Ji]

U/A

U/A

2.121

0. 281

H/A

* gru Ina ju-i gallon cal clun c.u



Table 10

Deposit analysis of 17.5 g Al/ha Permethrin applied at an emission

rate of 4*68 1/ha to study streams

'remise ouata County s Quebec

1978

L Counting. Analysis Colour InniEric Analysis Mean Density Kean Droplet

1/ha °l deposit: L/lia 7.. deposit (Drops pur cm^) Diameter Depo.si tml

Control 0.0 0.0 o.n o.o 0.1)

an

K1 rst spray Instream

shoreJ Jne

shoreline

North Baker

First spray iiiKtream

shore]Jne

Second spray Instream

shoreline

Little liakur

First spray Lustream

shore] Lne

Second spray InsCream

shoreline

0.32

0.1

0.J2

0,05

1.93

0.86

1.23

0.29

1.71

1,13

0.44

0. 16

6.9

2.3

2.1

1.0

41.3

18.3

26.3

6.1

36.4

24.1

9.4

3 4

n.66

0.25

0.16

0.10

2.77

1.20

1.37

0.42

2.33

1.H7

0.57

0.21

14,]

5.3

3.4

2.1

59.2

25.6

29.2

9.0

49.9

40.G

12.1

4.5

15.6

9.0

4.4

2.8

104.5

57.1

58.1

20.6

92.7

69.4

25.0

33.4

61.7

52.5

60.0

63.0

60.0

54.7

61.2

54.9

61.3

58.1

49.8

42.7
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Insecticide Residues. The amounts of Permethrin measured in

~~ water samples taken from the treatment

streams ranged from 0.23 to 1.8 wg/1 and fell Co below the limits of

decection (0.2 ng/1) within 24 hours (Table 11). Unexplained insec-

licide residues were also measured in the 7 day and 96 hour postspray

samples from the control scation and Little Baker, respectively.

Results from stream bank, foliage sampling indicate that the

pesticide accumulation was minimal (generally less than 1.0 ppm)

but persisced for ac least 12 days after the second application

(Table 12). Analysis of Permethrin residues in fish produced extremely

variable results which are presented in Table 13.

Aquatic Invertebrates. The initial application of Permethrin

to the three treatment streams resulted

in a sharp increase in the number of drifting organisms (Fig. 9). The

effect was apparent immediately following the spray and remained

evident for a relatively short period (abouC 15 hours) . Although the

patterns of increase in each stream were similar, the numbers of

organisms varied, wich the magnitude of the drift increases cor

related to the persistence of insecticide residues found in the

streams (Table 11) . These increases consisted mainly of baetid ar.d

heptagenid mayfly nymphs (Ephemeroptera: Baetidae and Heptageniidae),

stonefly nymphs (Plecoptera), and caddisfly larvae (Trichoptera).

Much smaller and shorter lasting increases were evident among black-

fly larvae (Diptera; Simuliidae) and midge larvae (Diptera:

Chironomidae). More detailed descriptions of drift increases and

composition for each stream are included in the appendix (Tables 9-12).

The second Permethrin applications resulted in a second

increase in drift, similar in duration to the first, but smaller in

magnitude (6 co 22" of the total peak numbers recorded after the firsc

application). The extent of the increases again correlated with the

persistence of the insecticide residues in the screams. The second

increases consisted mainly of stonefly nymphs which represenced 20.1

to 44 .3% of the total drift in different streams . Caddisfly larvae,

which comprised a major portion of the first increases, were virtually

absent from the drift following the second sprays. Table 14 sum

marises the changes in numbers of the four most frequently occurring

drift organisms. Drift net catches in the control stream remained

relatively stable throughout the sampling period.

Data from boccom fauna sampling indicate chat populations

decreased significantly after the initial applications of pesticide.

The second applications resulted in a further reduction of bottom

dwelling organisms in all three streams (Figures 10 and 11). Results

from Surber and rock sampling were similar and showed that the most

significantly affected organisms were those that had demonstrated

the greatest increases in drift. Heptagenid mayfly nymphs and caddis

fly larvae were virtually eliminated from the stream bottoms while
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Table 12

Permechrin residues in streamside alder

Temiscouata County, Quebec

1973

Sample

Period

First Aoolication

0 hr

2 hr

1 day

2 day

4 day

Second ADplication

2 hr

1 day

2 day

4 day

8 day

12 day

Pointe

au Sable

M.D.

0.52

0.44

0.41

1.07

1.11

0.40

0.27

0.43

—

0.43

ppm

ppm

ppm

ppm

ppm

ppm

ppn

ppm

ppm

Little

3a

M.

1.08

0.94

0.69

0.56

0.63

-

0.71

0.43

0.56

0.61

ker

D.

ppm

ppm

ppm

ppm

ppm

-

ppm

ppm

ppm

ppm

X.D. - Xondacectable

Limit of detection - 0.01 pom
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Table 13

Permethrin residues tn fish from streams

TemiscouaCa County, Quebec

1978

Firsi

8

7

6

3

2

1

1

2

3

Sample

Period

: Application

day

day

day

day

day

day

day

day

day

prespray

prespray

prespray

prespray

prespray

prespray

postspray

postspray

postspray

Second Application

1

2

3

4

6

8

10

day

day

day

day

day

day

day

postspray

postspray

postspray

postspray

postspray

postspray

postspray

Control

—

—

—

0.06 ppm*

—

—

—

—

0.03 ppm*

—

—

—

—

—

—

Pointe

au Sable

--

—

—

—

0.03 ppm*

—

0.03 ppm

—

—

—

—

—

—

0.01 ppm

—

North

Baker

—

—

0.12 ppm*

—

—

—

—

0.08 ppm

—

—

—

—

H.D.

—

—

Little

3aker

M.

-

0.17

-

-

-

-

0.06

0.04

-

0.05

-

-

-

-

0.11

D.

-

ppmA

-

-

-

-

ppm

ppm

-

ppn

-

-

-

-

ppm

H.D. - nondetectable

Limit of detection - 0.01 ppm

*See page 39 for comments
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Table 14

Summary of selected aquatic invertebrates*

caughc in drift nets set in study s

Temiscouata County, Quebec

1973

Location Heptaseniidae

no. /rn3
3aetidae

no./m3
Plecopters

ao./m3
Trichoptera

no. /ni -

Sorth 3aker

Prespray average

First postspray peak

Second postspray peak

0

16

4

.01

.3

.5

0

164

6

.07

.4

.5

0

51

35

.02

.3

.4

0

60

1

■ 04

.8

.2

Little Bakar

Prespray average

First postspray peak

Second postspray peak

0

172

0

.04

.0

.0

0

470

7

.28

.0

.9

0

1050

22

.13

.0

.6

0

320

3

.03

.0

.0

Pointe au Sable

Prespray average

First poscspray peak-

Second postspray peak

0

67

7

.04

.0

.0

0

36

6

,0

.0

.6

0

25

8

.02

.5

.7

0

4

0

.C

.2

.3

Control

Prespray average

First postsprav average

Second pcstspray averag

0

0

0

.00

.00

.00

0

0

0

.13

.05

.03

0

0

0

.01

.01

.00

0

0

0

.0G

.01

.01

'Expressed as number per cubic rr.ecre of flew through net
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baetid aayfly nymphs, pleccptera nymphs, and midge larvae were reduced

by 40 Co 90% in most cases (Fig. 12). Complete sample results are

listed in ihe appendix (Tables 13-20) .

At the Downstream Baker station located 5.7 km below the

North 3aker station and 2.4 km from Little 3aker, an increase in

drifting organisms as veil as a reduction in bottom fauna populations

were documented following the first Permethrin applications (Appendix

Table 21 and Table 22) . The second applications did not substantially

increase the drift numbers but did contribute to a further decline in

bottom dwelling invertebrates in the untreated downstream area.

One and a half months after the treatment most of the affected

organisms were showing significant trends toward recovery, with the

exception of heptagenid mayfly nymphs which had no: reappeared in any

number in the streams despite steadily increasing populations at the

control station. Midge larvae populations had exceeded prespray levels

in all streams by early August reflecting a similar increase at the

control. Subsequent sampling in mid-October indicated that bottom

fauna populations had returned to or exceeded prespray and control

levels (Fig. 12).

'Ion-target Insect Knockdown. Both Permechrin applications :o

the study streams resulted in

substantial increases in the number of terrestrial organisms drifting

on the stream surface (Fig. 13). These increases consisted largely of

adult Diptera and Komoptera, as well as Hemiptera, Plecopcera, and

Coleoptera adults. Knockdown persisted for 24 to 48 hours after each

application (Appendix Tables 23-27).

Fish Diet and Mortality. No incidents of fish mortality were

documented following the insecticide

treatments, however, effects on fish food organisms were evident.

Prior to the Peraethrir applications, slimy sculpins in the streams

were feeding on a variety of aquatic invertebrates of which heptagenid

and baetid mayfly nymphs, stonefly nymphs, caddisfly larvae, and midge

larvae were the most important (Appendix Tables 28-35). The increased

number of drifting invertebrates directly following both applications

was apparently utilized by the sculpins for opportunistic feeding, as

the mean number per stomach, percent contribution to volume, and per

cent occurrence of the food organisms increased immediately subsequent

Co the treatments. However, as illustrated on Figure 14, the diet

composition had become almost exclusively comprised of -.idea larvae

one and a half months later. In one of the treatment streams the aer-

cent occurrence of empty stomachs in the sample fish increased from

17 to 20% to 40 to 60°S during the postspray period, reflecting a

reduction in available food. The resuizs of supplementary fish samoles

including brook trout and ling showed a similar trend with initial

heavy feeding on drifting organisms inraediately after the spray followed

by a subsequent decline in utilization of preferred food species
(Appendix Tables 36-38),
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Sampling of sculpin populations approximately four months

afcer Che treatment showed a return Co a normal disc consisting or a

variety of aquatic insects.

DISCUSSION U4D CONCLUSIONS

Pond Studies

Insecticide Deposit■ Deposition of the insecticide on the
" ' por.ds varied Co some extent bun certain

trends --ere evident. Measurements from the first application co Larose

Forest indicate chat Che percsn:, density, and droplet size of the
inseccicide deposit increased as the distance from the centre of the
observed flight path of the aircraft to the ponds decreased. The air
craft flew che spray line closest to all four created ponds at an angle
such that the discance from the cencre of the flight path to the ponds
increased as the plane moved norCh to south. This resulted in a progres-

sivelv smaller deposit of emicted spray on the ponds located further

sourh in che treated block.

The consistently higher deposit measurements documented for the

second application correspond to recorded field observations stating

that the aircraft passed directly over all the created ponds. Variations

in che deposic on individual ponds correlaCed well Co che amount of

surrounding canopy cover.

The unusually high deposic measuremenCs obtained in some

instances from spoC counCing analysis may have been because of che

high droplet density on the sample cards and may not be reliable
measurements of che actual volumetric deposit.

Insecticide Residues. DececCable amounts of Permethrin dis

appeared from the treatment ponds within

43 hours indicating Chat the persistence of che insecticide in standing

water is relatively low. The accumulation of pescicida in fish and

boctom sediment appears more sCable. According Co results from residue

analyses, low levels cf the inseccicide in these samples persisted ror

the duration of the sampling period (28 days) . The measurable quantities

of Perniethrin found in the control pond fish and bottom sediment were

apparently due to contamination during collection, transportation, or

analysis of the samples.

Effects cf Insecticide on Invertebrates. Zooplankton populations

displayed drastic fluc

tuations that were apparently noc relaCed to Che insecticide applications

as similar patterns were documented for the control pond.

Despite somewhat erratic results from ore and post-spray boctom

fauna sampling, which may be attributed to inaccurate sampling techniques,
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it is apparent: chat the Ferinechrin applications to the forest ponds

were not overly detrimental to most benthic organisms. The second

application to Che ponds appeared significant in that the impact

demonstrated by reduction In a few invertebrate groups became evident

only following the second spray.

Both permethrin applications resulted in substantial mortality

of surface dwelling and terrestrial invertebrates. Certain groups

were affected to an extent that they were eliminated from the treat

ment ponds for the duration of the monitoring period. Organisms that

commonly inhabit surface and littoral sections of the ponds were

affected to the greatest extent.

Mortalities amongst groups of selected aquatic invertebrates

exposed to the treatments confirm indications from visual surface

counts. Surface dwelling and littoral species, as well as caddisfly

larvae, comprised the niost sensitive groups used in the study, while

water nites and dragonfly nymphs appeared less susceptible to the

pesticide.

Effects of Insecticide or. Fish. Recorded field observations

and data from caged fish

mortality studies indicate that the Permethrin applications did not

result in fish mortalities.

Stream Studies

Insecticide Deposit. Deposit of insecticide from the treat

ments was variable, but comparable to

results obtained frora operational aerial pesticide application programs

The amount of deposition on the streams generally correlated to

subsequent Permethrir. residues found in the water, in that the streams

with the greatest deposit contained the highest insecticide residue

levels.

The lower deposit measurements from shoreline samples indicate

that streamside foliage is effective in screening out a portion of the

deposit and therefore less volume of emitted spray reaches the shore

line ground level than the amount deposited on an adjacent midstream

water surface. Differences in deposited droplet diameters were not

significant, suggesting that although streamside foliage effectively

reduces total volume deposited, it does not eliminate specific droplet

sizes.

Reduced droplet sizes deposited from the second treatment of

Little Baker were apparently the result of the late morning application

period. The Permethrin was applied at 1140 hours when che evaporation

rate of the most volatile fraction of the spray formulation, the

carrier diluent 585, was greatly increased because of higher air
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temperature and lover relative humidity. The evaporation of the carrier

diluent resulted in decreased drcplet sizes deposited from this partic

ular application. The smaller droplets in turn increased the occur

rence of off target drifting, as evidenced by the lower droplet density

anc spray volume deposited on the second application than those doc

umented from the initial treatment.

Insecticide Residues. The levels of Permethrin in che Created

streams, which did not exceed 1.3 ag/1,

were fairly unstable and disappeared within 2 to 12 hours. The insecti

cide residues measured in the 7 day and 96 hour postspray samples from

the control station and Little Baker, respectively, were probably the

result of mis-labelling or contamination of the samples.

Accumulations of pesticide in streamside foliage were generally

minimal but more persistent, with detectable amounts still present

12 days after the second application. Fish residue analyses produced

extremely variable results and do not appear to be reliable measurements

of the actual pesticide accumulation. The discrepancies are apparently

due to sample contamination during collection, transportation, and

analysis of the fish.

Effects of Insecticide on Invertebrates. The Permethrin applica

tions to the streams

resulted in immediate and dramatic increases in the number of drifting

organisms for a period of about 15 hours. Bottom fauna populations

declined following the spray, with the second applications significant

In further reducing the invertebrate numbers. These substantial

increases in postspray invertebrate drift followed by significant

reductions in bottom dwelling populations indicate that the impaci of

the insecticide was such that the recuperation and reestablishment of

the affected organisms were not possible in the treated areas for at

least 45 days. The effects of Permethrin were also documented

below the treated sections of the streams. A reduction in bottom fauna

at the downstream station indicates that residual insecticide from the

upstream treated areas adversely affected the invertebrates in the

lower section as well, even though water residue sample results from

Downs Cream Baker showed a minimal or no trace of the pesticide. Lower

drift numbers at the downstream station after the second treatment

(Appendix Table 21) apparently resulted from a decrease in the number

of invertebrates affected in the upstream portions.

Trends in re-establishment of invertebrate populations were

evident by -o days after treatment and a return to or abcve presprav

levels was documented four months after the applications.

Increases in the number of terrestrial organisms drifting on

stream surfaces were recorded following both pesticide treatments. The

magnitude of the terrestrial insect knockdown in each stream correlates

well with the existing stream cover. Since the pesticide was usually

applied during early aorning hours, insect flying activitv was low and



therefore exposed insects inhabiting rhe peripheral foliage dropped Co

che ground or the water below when affected. The large increase in

drifting terrestrial organisms at Little Baker reflects the comparatively

dense foliage canopy characterisitic of Chis stream (Fig. 15).

Effects of Insecticide on Fish. Although no incidents of fish

mortality were observed, the

applications of Permethrin affected the diets of indigenous fish

populations. Following initial opportunistic feeding on drifting

invertebrates, the disc of native slimy sculpin populations shifted

from various aquatic insects to almost exclusively midge larvae for

a postspray period of at least 45 days. Bottom fauna sampling in

dicated that invertebrate populations had been significantly reduced

during this period such than the most frequently selected fish food

organisms would no longer be attainable and a greater dependence on

the available species would result. A return to a normal diet was

evident by four months after treatment.

GENERAL CONCLUSIONS

Water analysis results indicated that Permechrin residues

never exceeded measured quantities of 2.6 mg/1 and fell to below

the limits of detection (0.25 ma/1) within 12 hours in streams and

48 hours in ponds. The magnitude and duration of increases in

invertebrate drift correlated to the amount of insecticide residue in

individual treatment streams.

Accumulations of pesticide in fish, foliage, and bottom sedi

ment were not clearly defined but appeared to be fairly stable with

measurable levels persisting throughout the monitoring period.

The applications of 17.5 g Al/ha Permethrin to forest ponds

resulted in significant reductions of surface dwelling and littoral

invertebrates but had limited effects on bottom fauna and zooplankton.

Immediate and dramatic increases in drifting organisms, fol

lowed by a substantial decline in bottom fauna populations, occurred

in che treatment streams following both Permethrin applications. The

second application was significant In further reducing populations CO

a point at which recovery of numbers was considerably slower than

after the impact caused by a single application of this dosage

(Kingsbury and Kreutzveiser, in press). The effects of both insecticide

treatments persisted downstream from the treated portions for a distance

of ac least 2.4 km.

Although no incidents of fish mortality were documented, fish

food organisas were affected to an extent ir^z the diet of native

slimy sculpin populations shifted from various aquatic insects to

almost exclusively midge larvae for a postspray period of at least 45

da vs.



Figure 15

Little Baker Brook sampling station
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The impact of Permethrin appeared limited Co the season of

application as invertebrate populations had returned to or exceeded

prespray Levels and a resumption of nonaal fish feeding activity was

evident by four months after the treatments.
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ein tawna populations*; Ruiwoau J« la I'oiiite

VfiinJ scouatfl Cimnt-jr, Quebec

ji .i.ini- tn as De.wttor,

12 June W iurws 22 June 21 J.uue 2 July 1 Awfiu&t

cufitero lte|vr»(jcnllil(je 16.0 t 9.5 14.2 i (i, ? S.6 i 2,1 0-5 i o.fi 1.2 t 1.2 0.2 i Q.3 it,. 2 i -i.tJ

turi, &,2 i o.r> (J.2 « 0.5 (1.5 i D.6 o.5 i O.ft o.2 2 9.5 I).;* i 0.5 ^.^ t i.y i:.^ ; 1.3

[ltcru linw^ie Or.a i J.5 2.2 • 1.0 El. 5 I O.d 0,2 2 O.i — ^. ^ l 1 . "i . 4.41 i 3.3
pn1Mlu .— — ~ — O.'j I J.U U.'j J I."I

late gtmlda* ter«H U. Z i 0.3 0. i i 9.5 US 2 1.', l.fl t J.O 6.0 t '..1
mhtlts 0.2 2 0.5 — U.2 1 0.5 O.b ! 0J> 0.5 2 &.fi 1.2 1 1. 'j 1.5 i 1.1

Clify-.i-mrl 1.1.1^ — -- — "- — ~J ti-<> ! ' °
|[y.ii<ih.',i|i!.l<l;nj — — °-2 i °-5

a Tlmilldni: 0.5 2 1 . t) — — — 0-5 2 1.(1 1.0 i U.S Z.fl i t.fl

SlnJuItlttAB 0.2 1 11.5 — — — 0.2 '- B»5
eiiirma»Uafl tnryae 0.5 i 1,0 U.2 S O.S tJ.^ : l.S 0.2 • U.5 1J.2 1 (J. 5 0.5 i 1.0 9.2 I Z.fl 2 . ll 3 1.4

papap — 0.2 ♦ 0.5 — — u.2 ± 0.5 2.0 1 2.)

Bliprtiafctfl -- " - (J'^ * C'^ " 9'5 i °*3

jn , t<. . __ __ _._ __ — -- B..-8 1 1.0

fetalS lfl-2 '- U.B W-S * ?-4 9,fl -'■ 2.(, 2.d 1 1 -'> U,U • 0.5 5.2 2 1.9 22.5 I ?.<) '1J. 2 i 7.3

4 Me.111 unmix1 m .ind f>[ .uui.iI (I iit^i/1 iit iaim of otgBIl ESBifl

cuilacUxi in Tnur U.0V3 iil^ Sorfctir samples.

«* TreflCutl uLcli 17.5 ^ Pannexhrtu/hft mi 13 June, ly/tt,

juid acaXn oa Ift June,
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U

U
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no
Monti LMe* (l.f H-112

ID

II.)

11.(13

(I. I i D.«3

I),

II.

B3 (i

■I

.[ill

.OH (1 .417

d.iii a .m

(I. 11 I .51
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n,i'i]nir,/i,ji i,c. 11, .1 , j'jjb. .111J a^niii ou 21 J ;. ISlfl).
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Table 12

f.iuii.-t |K)|inlnLlLiu;i'I1 NuilIi linker Bcooit Uownetream

'1'irllll t. fiMi;il.L Cum 11 y , tfii^litu:

12 June in I Ant/ifit i I'JJtt

2U June ?} June W J«no * J»lyIt l! !■

,, , r i ^i i — — 8".2 i li- 'j
I; plifinif j ii ^d I 1" IH 1.11! II'lili' C I lUIC

Itvntaganlidne 0.^ I 0.5 D.2 i U.'i — °-2 L iiJ
IhwCUiW 3.0 t 3.5 J.2 ± '..3 3.2 i 2,5 0.2 ♦ (1.■> i.2 I 2.2 Ufl S 0.8

(j 2 * I). j
e>iIiiiimi .i *;i>in|iii iii.i-u —

l'j?cDpli!rn 1.0 ! US 1.2 i L.3 2.5 i S.8 6:8 * 1.0 4-fl a 4-B U.5 i 0-6

Trtehouk«ra l»w« l<--<» ■ "-3-6 ^-« = *-"> *■■* s a-^ 1-0 ! »■« °'5 ! "-'J ''-(> ! *'9
pu^m — 0.7 '. d.^ 0.2 i 0.5 0,2 1 0.5

ebtoowBira E"l»14ae 1,.v,l- Z.O -• 2./. .- O.S i O.9 i.S I 4.5 ?.O I 2-7
Mtulta 1-.' i 1.5 3.2 I Hi J-'j i 4.-* ^-O ! lfl 0-5 ! >-u °-a * lj

llyl.C.iil tlOfli: 0.5 I 1.0 -- d-2 -1 8-5
I'sf|i1i^iildae "■- * "■ ^>
llnllfkltdai! -- "- 0.2 * 0.5
HyitroH:rii]iliiJ.it: — — — " 0,2 t 0.5

0M«n TtatiLtfJUi Inrvae U.2 S u.5 1.0 t L.4 0,5 i 1-0 1-0 J O-fl 1-5 * l.'J 1-5 ! 1.3
llll|lilL. _- B.2 tO. 5 l.fl * 2A

Btim.M Mae Q^2 ! »■ r> — ., „*"" _.,, .
Cbtra b14m larwee 9.8 I 3.5 0.2:0.5 1.5 t 1.3 1.3 x 1-3 3.5 i 4.5 U.S 1 W.S

e 0.2 • 0.5 - " Q-2 t °-5 »'5 ! J J
H«lr(d>. -- !■* 1 t'5 '■■11 S S0 3"° : *-a
hi.iiil.llfl..p l.irwiit 0.5 J O.b

tlnu (Lfu.,1 °'5 1 !l-fl

oitgtitfiflucfl «-« i t.6 ~ i.o t i.a

TotnU j(i.o ! lfl.5 1"..O i 9;* 15-.P i 'J.« «-i J 5.2 24.2 i 11.3

. H,.,,,, „ n?f8 nnd ataudfli-d dcvi.il of aKjgmli I WliaolBd
In I O.UMJ »i^ !;u[Iju-[ tOmtllutf.

r Uirln/hP m. 11, JtAH, 1978, I ugain « ^l ' ■ '*™j "nd
^ / jCih Jwnstrcao fr<MH Wortt) Makwi Beoofc (creotwU ulLli 17.3 &

^ 2i ' I*'8J

Q.2 l 0.5
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