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Abstract 

_ 

The distribution of 2,4-D" in the Red River l:_)_etwe_en 
Emerson and Netley Lake was studied; Th,e_herbi,cide was 
found primarily in the water, less on the suspended sedi- 
ment and not d,etect_able in the bottom sediments and 
benthos. The recorded high concentration of 2_-,4’-D i_n 

February 1977 that prompted this study is believed to be 
derived in part from the ef-fluent of the City of Winnipeg's 
North End Pol|u_t_i,on Con_trol Center, which was found to 
contain 30 500 ng/I, 2,4-D. There is‘ no measurabilé ac’- 

cumulation of 2,4-D in the deposited river sediment. 

This report also addresses (1) the "variability of 
2,4-D concentrations attributed to the sampling tec_h_n,i_que, 
(2) the river cross-sectional heterogeneity and (3) the 

I 

sample pr’eservat_io,n technique. 

Résumé 

II a été déterminé que, dans la riviére‘ Rouge 'e'ntre 
Emerson et le lac Netley, |'herbicide 2,4-D se trc7>u’v'ait 

surtout dans l’eau, un peu moins sur les r_na_ti_éres en 
suspension, et que dans les sédiiments et Ie benthos sa

' 

concent'rat_io,n était inférieiure au seuil detdétection. ll semble 
que les fortes concentrations, relevées en février 19'7'7"et qui 
ont motivé |'étude, soient dues a l'efflue'n't de. l‘usine 
d'épuration du nord de Winnipeg, qui en conten_aift 
30 500 ng/L. II n'y a a‘u’c'ujne accumulati,o!.1 mesuraible de 
2,4-D dans les dépéts de séidyiments. 

ll est également question dans ce rapport (1_) des 
fluctuations de concentrations de 2,4-D attribuables 5 la 
technique d’échanti'|lo'nnag'e, (2) de |’hétérogenéité dans la, 
section transversale de la riviére et (3) de la méthode de 
préservation des échantillons.



Content and Distribution Pattern of 2,4-D in the Red River 
V.- T. Chacko and Wm. D. Gummer 

INTRODUCTION 

Re_sid,ual concentratiodns of the herbicide 2,4-dichloro- 
phenoxyacetic acid (2,4-D) have been detected in many 
surface waters of ‘western Canada (Gummer, 1978). The 
largest ‘user, and therefore the largest ‘potential source, of 
this contaminant is agriculture. However, as reported by 
Gummer '(‘i978_), urban activities and industry contribute 
2,4-D to the aquatic environment as well. 

Routine water sampling during early 1977 revealed 
anomalously high winter concentrations of 2,4-D in the 
Red‘ River near Selkirk, Manitoba. In February the level of 
2,4-O recorded’ was ng/L-, and in March, two samples 
recorded 2409 and 610 n'g/L. 

’ 

The Red River Basin (which covers more than 
170 000 km’) drains almost exclusively agricultural‘ land, 
therefore, it is not surprising that 2,4-D residuals are 
detected in the surf_a_ce waters within the basin. Nevertheless, 
the |e._ve|_s dfescribed above were unprecedented. 

On -account of these anomalously high levels of 
2,4-D in the Red River, officials fronj Envir_on,rnen_t Canada; 
the Manitoba Department of l\_/lines, Resources and Environ- 
mental Management; and the City of Winnipeg met and 
agreed that follow-up_ surveys were necessary. The Water 
Quality Branch designed_ a pollutant-specific study for the 
period April to A_ugu_st 1977 with the following objectives: 
(1') to investigate the distribution of 2,4-D in the Red River, 
(2) to investiga,te the reproducibility of a de”pth-integrating 
sampler, (3) to investigate cross-sectional heterogeneity 
and (4) to compare the 2,4-D recovery with different 
p'l’e'S'éi’lI3tiOi;1 feChl‘liqUeS. 

_ 

other herbicides (2,4-DB, 2,4-DP and 2,4,5-T) were 
analyzed simultaneously with 2,4-D, but except for oc- 
casional comments regarding one or more of these herbi- 
cides, the discussion is restricted to 2,4-D. 

sruov AREA 
The study area ext_en_ded from Emerson, Manitoba, 

where the Red River crosses the international border, to the 
mouth of the river at Lake Winnipeg. The river distance 

from Emerson to Lake Winnipeg is approximately 240 km 
(Fig. 1). 

The drainage basin of the Red River lies almost 
entirely within‘ the ag"ri‘cultu'r‘aI’ districts o'fMfahitoba, North 
Dakota and ll/lidnnesota. 1T he major tridbutarides within the 
Canadian portion of the basin are the Roseau, Morris, 
La Salle, Seine and Assiniboine Rivers. The major urba'n 
centres and industries of 'Manitoba are located within the 
Red River Basin. 

METHODS 

Bottom sediment samples (400 g) were obtained 
using a mini-Shipek dredge. A 6-in. Ekman dredge was 
used to collect the benthos, which was imrnédiatfeliy sieved 
with a 250-um net. samples were frozen in a'_lur_h,i,n_u‘m foil 
and shipped air express to the Branch laboratory in Calgary, 
Alberta, for analysis. l 

De‘p'th-integrated water s_a;mp|e,s were collected 
us_ing a well-rinsed 2-L polyethylene bottle affixed to a 
metal holder and allowing the bottle to fill as it sank at a 
constant rate. Data generated when using‘ this sampling 
techniqude reflect 2,4-D concentrations in the water and. 
suspended sediment phases. The water was immedtifateily 
transferred to a clean and ’rinsed 1.1’-‘L glass bottle a 
teflon-lined cap. The sampleswas acidified tova pH o.f*1 to 
2 with five millilitres (5 inLl of concentrated sulphuric 
acid (360 N) dispensed from ,a glass and teflon dispenser. 

Within 12 h, and usually within 3 h, the water sample 
was transferred from the glass bottle to a 2’-L separatory 
funnel, and extracted with 100 mL of dich'l6r‘o'r'néth,ané. 
The sample was shaken thoroughly for at least min before 
the extract was drawn otf into a 500-ml; separatory funnel. 
Any emulsions present were usually eliminated with gentle 
swirling of the 500-mL funnel, but on occasion it was 
necessary to add 0.3 mL of acetone to break up the e'rnul'- 
sion. The extraction was repeated, and the combined 
extract (200 mL) was transferred to a clean 2'50-rnL glass 
bottle with a teflon-lined‘ cap. Aluminum foil, treated 
with acetone and hexane, was inserted between the cap 
and the bottle. The bottled extracts were shipped "via 
bus to the Calgary laboratory for analysis. The extract
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was then dried, concentrated and replaced with a small 
amount of methanol. The herbicide ‘residues were con- 
verted to their methyl esters using. BF3-methanol. The 
methyl esters were extracted into benzene, cleaned up, 
a_n_d analyzed by gas-liquid chromatography using standard 
analytical procedures (Environment Canada, 1974). 

The number of water samples collecteduvaried with 
each sainpI‘ing trip. During the first trip, all eight stations 
were sampled in triplicate, and all samples were preserved 
with 5"rnL sulphuric acid and extracted. On the second trip, 
three of the eight stations (Red River at North Perimeter, 
Lockport, and Se_|ki_rkV) were sampled in triplicate, and 
only one sample was taken from each of the remaining 
five stations. Each of the triplicate samples collected 
during‘ the second sampling trip was treated differently. 
Five millilitres of sulphuric acid was added to one sample, 
and the sample was extracted in’ Winnipeg. The second 
sample. was acidified with 5 mL of sulphuric_acid and the 
third sample was left non-acidified. 

To determine the lateral heterogeneity of the river, 

depth-integrated samples were collected from five evenly 
spaced verticals within the cross section at two stations. 
Each sample was acidified and extracted in the field lab- 

' 

oratory. 

Samples for suspended sediment analysis were col- 
lected in 12.5-L glass jugs, which were capped with rubber 
stoppers wrapped in aluminum foil. The sediments were 
partitioned by first centrifuging the water sample at 600’r_pm 
and removing the compacted material. -The supernatant was 
then 

_ 
re-centrifuged at 18 000 rpm and the deposited 

suspended matgter was grernoved, wrapped in a_|u,rninum 
foil s_ep_arately and the_n frozen. The final supernatant was 
extracted in the field laboratory. For those samples in 

which sedirne'nt‘s were not partitioned but for which the 
con<,:_e_ntration of total suspended sediments was required, 
the total sediment was removed by centrifuge at 18 000 rpm. 

The centrifuge used was a continuous flow-through 
system, the‘. Sorval Superspeed RC2-B automatic centrifuge. 
The r'un'ni'r'1g' tempe'ra'tu’r'e of the centrifuge was set at 4°C. 

. The water was transferred from the glass jugs to the cen- 
trifuge rotor by gravi_tationa_| flow through glass and teflon 
tubing. The suspended matter was collected in teflon- 
lined stainless steel centrifuge tubes. A magnetic stirrer 
with a téfillon-coated magnet was used to ensure that all 

sed_im_ent was in suspension. When centrifugation was 
complete, the deposited suspended matter was removed 
from the cen't'rifu‘ge tubes and placed in aluminum foil 
which had been treated with acetone and hexane. The 
samples were then frozen. All suspended matter samples 

were centrifuged and frozen within 24 h of collection 
(usually within 3-4 h).

’ 

Bottom sediment samples were weighed. (wet), 
acidified and extracted with dichloromethane in an ultra- 
sonic bath. The I extract was t_hen treated as cle's'c'ribed 

above for the analysis _of water samples. Benthos samples 
V 

were treated in a similarmanner but extracted with dich|oro- 
methane in a blender. 

The precision of the analytical methods used for 
determining 2,4-D in water and sediment is shown in 

Table 1. 
n 

. 
- 

_ 

- »
' 

Table 1. The 2,4-D Analytical Method Precision for Water and 
Sediments 

No. of - % Coefficient of 
Sample Type . 

n'g/L Tests Recovery 
. 

Variation (96) 

Organic free water 100 28 83 ‘ 23.4 

Natural water 100 7 81 
_ 

11.7 

Sediment 40 000* 11 70 18.9 

‘nslks
‘ 

Sulphuric acid and dichlo_r_omethane' blanks were also 
submitted for analysis. All glassware used in the study was 
washed with‘ tap water and soap, rinsedwith distilled water 
and then rinsed with acetone and hexane.~ Heat treatment 
was carried out at 250°C“on all glassware except volumetric 
flasks and ‘pipets. All solvents used in the study ‘were of 
pesticide q"uality.

A 

CHARACTERISTICS OF 2,4-D 

The chemical 2,4-dichlorophenoxyacetic acid is a 
white crystalline s'ubstanc'e, slightly soluble in Water and 
very soluble in ethyl alcohol and similar o_rga_n_ic solvents 
(Weed Science Society of America, 1967). 

CIO-CH2-COOH 
CI 

The molecular weight is 221 g/mol and the vapour 
pressure at 160°C is 0.4 mm Hg. Water, diesel oil or oil- 
water emulsions a_re common carriers. Solubility in water 
ranges from 6% to 7% over a temperature range of 20-23°C. 
The sodium, potassium and amine salts are quite soluble 
in water and esters of 2,4-D are oil-like substances, which



form an emul_sio_n when mi_xed with water. The herbicide 
2,4-D behaves as an organic anion.in aqueoussolution and 
is readily adsorbed touclay and organic matter (Mansell 
and Hammond, 1971'). 

Toxicity of. the basic herbic.i.de (12.4.-D) and its amine 
salts is low to organisms other than higher plants,» but ester 
formulations are more toxic and may result in fish kills 

llV.lb]rr'e. 1974).. in Ma,nitoi>a. the most; comrh6nI.v used ficsirm 
is the am'ine‘ salt of 2,4-D (personal communication, Mani- 
toba Dept. of Agriculture). 

Other chlorophenoxy aliphatic herbicides such‘ as 
MCFA, 2,4-OB, 2,4,5-T and silvex have since been developed 
as effective hormone-'l,il<e growth regulators and are also 
widely used (Borey, 1971). V 

The disappearance of 2,4-D from a" river system may 
be ‘through any or all of the following processes: bio- 
degradation, photolysis (decomposition by light), vola- 

tilizatiofn and h_"ydr'oly'sis. » 

Biodegradation appears to be the dominant process of 
degradation in soil and bottom sediment, whereas photolysis 
and hydrolysis seem to be more ‘important pathways in 
water (Aly and_ Faust, 1964). Dell/larco et ai/». (1967) found 
that 2,4-D was degradable in 6 days in warm aerobic 
water, but persisted as long as 80 days in cold deoxygenated 
water. Hemmett and Faust report that 2,4-D is 

degraded quite rapidly (1-4 weeks)” in the terrestrial 

environment, whereas conditions in the aquatic environ- 
ment may not be._as. favourable for rapid degradation. 
Volatilization is not co_ns,i_derfed, important for salts of 
2,4-D, however, it is an important pathway of loss for 
2,4-D esters (Zepp et al.,_ 1975). In any case, the difference 
in arni_ne_ ve__rsus_ester volatility is not thought to be impor- 
tant in the difsjappea_ran'ce of 2.,4‘_'-if) from water, since both 
formulations are rea_cli_ly hydrolyied to the free acid. 

Work done by Aly and Faust (1964) has shown that 
2,4‘.-D is biodegradable in the bottom sediment and that the 
rate of l_:iiodegr’adation is higher when ‘2,4-D has been 
present in the me_dju_rn over a long period. This is achieved 
by microbial adaptation as the responsive organcisms grow 
and div_ide_.» Defiose and ,Newman (1947) suggest that the 
biodegradation process is achieved by rnic'roorga’nisms 

modifying the enzyme in the progeny to allow the foreign 
molecule to be used as a source of energy. i 

RESULTS AND oiscussioixi 
Historical Perspective 

He‘rbi_c_id_e data (Table 2) reported by the Water Quality 
Branch (Fisheries and Environment Canada, 1978a) during

4 

the period 1972 to 1977 show that 65% of the tests for 
2.4-D in the Red. R.iv.e..r near .Em.erson iivere greater than. the 
analytical detection limit of 4 nanograms per litre (ng/L). 

Table 2. Historical 2,4-D Concentrations (rig/L) for the Period 
J !!.1)’ 1972 to August. .1977

‘ 

Sarripllng Location 7 

Sample - 

. 

~

V 

Collection Red River 
_ 

Red River Assinibcine River 
Date at Emerson - at Selkirk . at Ifighway 100 

1972 

July 
' 

so -— ——
‘ 

October 33 4.1 — 

1973 

January) <4 — — 
February — 34 ’ ' — 
May 8 705 — 
July 50 <4 — 
October 15 32 — 

1974 

January — 47 ' — 
April 20 <4 — 
August. , <4 — <4 
October <4 — — 

1975 

February <4 <4 <4 
May <4 ' <4 <4 
JIIIIC 9 ; 

- :- 

July — 200 10 
August 200 — — 
September 10 20 7 

1976 

January — 7 10 
February <4 — — 
April 90 ~ — 
August . 10 4 6_ ; 

October 
_ 

10 80 20 

1977 

January <4 — — 
February ,— 34.00 — 
March 1 — 610 —. 

March 14 - — 2400 — 
April — 360 — 
May 100 

' - — 
July 6 — 110 " ’— 

July 25 — 9 — 
August — 24 — 

— No value.
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During‘ the same period the Red ..River at Selkirk and the 
Assiniboine River at "Highway 100 had positive detections 
(above the "detection limit) 81% and 62% of.th_e time, 
respectively. 

‘

r 

The. maximum herbicide concentrations in surface 

waters have occurred most frequently _during the months 
of May to June. Figure 2 ’sh”ow's how 2,4-D concentrations 
have (varied at some of the )m_o‘n_itori_ng sites since 1972. The 
unprecedented 2,4-D concentration of 3400 ng/ L at Selkirk, 
and the time of year (winterlgthat this maxiymjurri was 
recorded, suggest an u‘n’usu‘al event. Local runoff~'i,s dis- 

counted as the cause, since _winter conditions prevailed at 
the time of sample co|le__ction;.; .Fu‘rth'erTspeculation about 
the cause of the high herbicide concentration is discussed 

later.
' 

Spatial Distribution of Z-,4:-D in the Red River 

To ascertain whether there is a concentration gradient 
in the Red River, a total of seven sites (Table 3 and Fig. 1) 

i 

‘were’ sampled. The results of the sample collections are 
shown in Table 3. All tests conducted at river sites during 

Table 3. Results of the 2,4-D Study in_ 1977 (ng/L) 

Sample Collection Date*
‘ 

Location April June July August 

Red River 

Floodway 
' 

90. (27) 200* (23) ""9 (13) — 

_, 

’ — 1o (29) — 

North Perimeter 490 (27) 760* (23) 12 (13) 99§ ('3) 

"Lockport" ~ 1 
-A -A — 

' 

isoi (4) 64_§ <11) 
‘ 

’ ' _' _ 120 (19) — 

Lower Fort Garry — — 53T (6) 67 (4) 

_ _ 16 (21) » — 

Selkirk 360* (27) — . 110* (6) 24 (4) 

- — 9 (25) 
_

— 

G_o1d_eye Lake _ _ 69* (11) 
V 

38 (3) 

_ - 36 (27) '- 

Netley Lake - — — v - 28* (11) -36 (8) 

_ - '7”'(27) 
' ‘ — ' 

Assiniboine River‘ 

Main‘ Street _ 15* (23) 
8" (1.4). 99 (2) 

Winnipeg North End Pol- 7 
p 1 

lution Control Center 30 500§ (27) — 1100 (2_2) — 

Winnipeg South End Pol- 
lution Control Center <4 (27) 

‘Thesampling day is shown in parentheses. 
TThe median from triplicate samples. 
The mean of two results. 

_ 
I 

300* (22) — ' 

The median of five samples collected at different points in the river cross-section.
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Figure 3. Spatial comparison of 2,4-D concentrations in the Red and Assiniboine Rivers during the 1977 study. 

the study were positive for 2,4-Do. Since time of travel was 
not taken into c_on_sideration when samples were collected, 
concentrations at downstream sites_were not necessarily 
related to co'n’centrati‘o'n's at up'strea'm sites. 

The sample col_lections conducted in April suggested 
that a_ major 2,4-D source was located within the City of 
W,i_n,nipeg.- In fact; a 24,-_h_ composite sample of the effluent 
from the City of Winnipeg North End.Pollution Center 
collected during April 27th and 28th revealed a 2,4-D 
concentration of 30 500. ng/L. It is highly -probable that 
the above-mentioned" effluent was responsible for the high 
2,4-D Vlevelis observed at Selkirk during February and Ma_rc_h 
of 1977 (Table 2). 

The average daily effluent discharge from the North 
End Pollution Control Center during April was about 
2.8 m3/s (City of Winnipeg" Techn_ic,al Laboratory, personal 
commun_ic_ation)_.. With this figure and the mean daily 
discharge of 97 m3/s for the Red River near Lockport 
(Fisheries and Environment Canada, 1978b), the dilution 
factor is approximately 35. Applying this factor to the 

mean effluent 2,4-D concentration of 30 500 ng/L yields 
a 2,4-D concentration after -complete mixing of 870 ng/L. 
The measured value was 490 ng/L. The diifferenoe between 
the actual and calculated’ values may be attributed to a 
combination of analytical variability, degradation, volatil- 
ization and sorption to sediment that may have deposited 
between the sampling site and the effluent point source. 

it is evident from the June data as well (Table 3) that 
there is a source of the chlorophenoxy acid herbicide within 
the City of Winnipeg. The 2,4-D level north of the city on 
June 23, 1977, was a factor four‘ higher than that recorded 
the same day at the floodway, the southern extremity-. The 
mean concentrations found‘ during the stu_dy period (se_e 

Fig. 3) also suggest a source of 2,4-D within the city. 

The source of the high 2,4-D level in the effluent of 
the North End Pollution, Control Center has not been 
determined. If the local runoff directed to the storm sewers 
contributed theecontaminant, _it should have been detected 
at the South End Pollution Control Center as well. No 2,4-D. 
was detected at the South End ‘Pollution Control Center 
on April 27th when the concentration at the North End



Pollution Control Center was 30 50‘o"ng/L. There are two 
herbicide peeking plants in the City" of Winnipeg that are 
located within the collector system of the North End 
Pollution Control Center. Contribution of 2,4-D to the 
municipal sewage .system by these plants, if any, has not 
been estébliishéd. Although it‘ may merely be‘ a coincidence, 
it is worth noting that the February and ll/Iartzh 2,4-D 
maximums at Selkirk correspond with the peak herbicide 
packaging activities in Winnipeg (D. Rabb, Environmental 
l5“r'otecti_ori Service, personal communication). 

‘Bottom benthos samples were collected at 16~sites 
(Table 4) for herbicide analysis. Figure 1 shows the geo- 
graphic I6¢at’ijcin of these saihplihg loca’tioh"s. There were no 
detections of any of the he‘rbicid‘e's arl_a,ly,'zed (2,4-D; 2,4,5‘-’T,‘ 
2,4"-DP-and 2,4—DB) in_ the benthos and sediment samples. 

Table 4. Bottom Sediment and Benthos Sampling Sites and Sampling 
Dates 

1

_ 

1. Red River at Emerson 27/05/77 

2. Red River 1.6 km downstream from Ste. Agathe 09/06/77 

3. Red River 90 m south of South Floodway gates 27/05/77 

4. Red River at Winrripeg, approximately 11.6 27/05/77 
downstream from Assiniboine River 

5. Red River at Kildonan Golf Course 20/05/77 

6. Red River 45 m downstream from North-End 20/05/77 
Waste Treatment Plant effluent discharge 

7. Red River at North Perimeter Highway , 
20/05 /77 

8. Red River at Lockport Bridge 
I 

20/05/77 

9. Red River 1.6 km downstream from lower 10/06/77 
‘ Fort Garry 

10.‘ Red River at Selkirk 10/06/77 

11. Red River 3 km downstream from Selkirk 13/06/77 

12_. Red River 6 km downstream from Selkirk 13/06/77
’ 

13. Red.River 14 km downstream from Selkirk 13/06/77 
(at Goldeye Lake) 

14. '1 Red River at Netley Lake 13/06/77 

15. Red River mouth at Lake‘ Winnipeg 13/06/77 

15. Assiniboine River 0.5 fan upstream from Red 27‘/05"/77 

River (in winhipeg) 

It is therefore apparent that even though these 
herbicides have been dete"cte‘d.'in’ water sample's:f'o'ra*number 
of years (Table 2), they have hot aci:unnu’lated on the 
river bed.

I 

Accumulation of 2.4-6 in Suspended (sediment 

The herbicide 2,4-D was detected in all or the water 
samples, but it was not detected in the majority of the 
suspended sediment sarnpyles (Table 5). Whenever it was 
detected in the su_s_pended sediment, the cancehtrsatiohswas 
higher than that of the water samples. Since the amount of?‘ 
suspended sediment per litre of water is s'ma|l, however, the 
a_mouht of 2,4-D co'n"t'ri'bu‘ted by sediment to a 1—L water 
sample is also small. The cgnoentration of 2-,4-I5 in Red 
River suspended sediment on July 19, 1977, at ,Loe_lgpor?t_ 
was 5 pg/kg (wet weight)». The e;onee_n,trjetijoh ojf 12,4:l‘3ji_'n 

the u_nf'iltered rivger saihple was 120 ng'_/L. The total 

suspended sediment _col|_ected bjy centrifuge Was‘ 26.6 ‘mg/L, 
therefore, the sediment contributed only 0.1 ng‘/1;, of 2,4s.D . 

to the water sample. If the 1961-1976 median dry weight 
‘s‘us‘pe'nded sediment of 37 ‘mg/L is used in this calculation, 
the amount of 2,4-D contribu'ted is 0.19 ng‘/L. Based on 
this information, it would appear that virtually all of the 
2,4-D observed in the Red River at Lo‘ckporTt’o'n thispdate 
was in solution.

1 

Suspended sediment samples were part_it_ioned at four 
river sites (Table 5). ln every case, the calculated total 2,4-D 
(suspended sed_i_ment plus su'pe'rna‘tant) was less than the 
2,4-D concentration‘ in the unfiltered water sample’ (water 
plus suspended sediment). Since the 2,4-D level in the 
suspended sedimerit’ ‘was near the detection limit (Table .5) 
and_ the recovery of the s“pi’l<ed’ §edim‘e‘rrt was 70%., with a 

coefficient of variation of 19%, a‘ q'ua'ntitative comparison 
may not be valid. Nevertheless, i_t- would appear thatpart of 
the 2,4-D was lost during centrifugation and/or during the 
lag time between sample collection and analysis. 

Partitioning of the s_us‘pended sediment showed that 
2,4-D was detected in both the 's'maliler particles (centrifu- 
gation at 18 000 rpm‘) and the larger particles (qentrifugatioh 
at 6000 rpn‘i);. Considerably more 2,4-D was removed along’ 
with the larger partic,|es,.e This is attributed primarily‘ to the 
greater quantity of the large_r particles than to higher 
conoent‘rat_l‘o_ris of 2,4-D. 

At two sites, the Red River at the rloodway and the 
Assiniboine River at Main Street, 2,4-DB‘ was detected in 
the suspended sediment. None of the water samples col- 
lected had detectable levels of 2,4-DB.



Table 5. Concentration of 2,4'eD in Red River Water and Partitioned Suspended Sediments 

Partitioned Vi/ater Sample 

V 

Unfiltered 
6000 rpm 18 000 rpm Supernatant 

‘ 

Total (Calc-)‘T Water ‘Sample: 
Location Date (1977) pg/kg . ng/L* ug/kg ng/L ng/L ng/L 

g 

ng/L 

Red River 
' 

floodvyay 13.7 4 (v5,2)§ 0.21 4 (20) 0.08 <4" <4 9 
29.7 <4 10 

North Perimeter 
‘ 

A 

18.7 trace 12 
‘ 

3.3 <_4 99 

Lockport 4 .7 <4 1 8.9 
19.7 5 (20) 0.1 trace _(6.6‘) » <4 ‘<4 
1 1.8 

’ 

<4 1 64 

Lawer Fort .6-7 
V 

. 
. trace 53 

21.7 <4 (22) <0.088 <4 (9.9) 
_ 

<0.039 <4 <4 ' 16 
4.8 <4 67 

Selkirk 4.7 . <4 110 
' 25.7 <4 (38) J <0.l_6 <4 (22) <0.088 6 6 9 

0 

4.8 .. _, <4 I 

2,4 

:G_o_ldey.e _I.ake 11.7 <4 69 
' 

- 27.7 <4 36 
8.8 <4 38 

Net_le_y Lake. . 11.7 trace 
‘ 

— 2;; 
, 

1 

27.7 <4 7 
8.8 <4 36 

Assiniboine iver 

Main St. bridge 14.7 <4 8 
<4 99 

~~~ * Centribtitiép 2-,4-ls to _o_n'e litre river water from the sediment partitioned at the given rpm.” 
1'? A-summation‘of72\v,4-_D_ found: in _tl__|e'~sedime‘nt fr'actio‘_n's plus concentration in the supernatant; 
i Thej'2,4-D roima by analyzin'g_an unfiltered watet‘-s_§rnpil_e. 
§ Qoncentjratihrtofjsuispended secliiiieint in water sample is shown in parentheses and is ‘e’xp'ressejd as rng/L‘, wet weight. 
Trace E not in measurable quantity. 

Samplj_ng Bfiwfiducibility, Cross-"Sectional Heterogeneity _ 
and Sample Preservation 

Reproducibility of the Sampling echniquei 

Multiple samples were c9l_lected at eight sampling sites 
I0 :.dete‘rmine: ‘vi'Ihet_hér= the results obtained using thegpresent 
sampling" te_chn_igue were reproducible or‘ not, The results 
of the. replicate samples are shown in Table 6. 

The pjrecis_io_n for the analytical method is 47% (or 
the coefficient of variation in percent). The variability 

in replicates for five of the eight'te_s,t cases shown in Table 6 
can _there_fo_re be fully accounted for by the a'nal'ytic_ajl 

variabiltity. Two test cases are borde’rlin_e. The other test 
case, Red River at Selkirk, showed at s_ign_i_ficant difference 
in concentration between samples. Although the poor 
precision in this case may i_n part be attributed to the 
sampling technique, incomplete extraction or poor i_denti- 
fication could also be the cause. 

It is concluded that the sampling technique does not 
result in poorer precision than that accounted for by the 
analytical ma‘t_hc>d.o|o9v.



Table 6. Resiilts of‘ Replicate Sampling for 2,4-D_(r_1g/L) V 
. 

- 

g _, 

Statistics 
g‘ 

V .
. 

Location Date x, x, X, 
9 

Range )2 sx Lx (%) 

Red River 

Floodway 23/06/77 200‘ 210 150 60 187 . 32 , 
North Perimeter 23/06/77 600 760 850 250 737 127 34 
Lockport 04/07/77 180 240 160 80 193 42 44 
Lower Fort Garry 04/07 /77 53 73 49 24 5 8 13 45 
Selkirk 04/07/77 110 ' 29 140 111 93 57 123 . 

Goldeye Lake 11/07/77 95 48 69 75 71 24 68 
Netley Lake 11/07/77 23 4.4 28 21 32 

y 

11 69 

Assin'ibo'ine River 

Main Street 15 14 4 13 2 31 
_ 

23/06/77 11 

The analytical detection limit is 4 ng/L. Analytical precision (L0) is 47%. 
standard deviation of X. S = V 

Lx = precision =_ two times the coefficient of variation in percent. 

Cross—Sectiona/ Heterogeneity 

Cross-sectional sampling was done at two stations, the 
Red River at the North Perimeter Highway and at Lockyport. 
There were five sampling sites placed about 30 m apart 
starting at '30 m from the west bank. Depth-integrated 
samples were collected from each site. The re_s_u|ts are shown 
in Table 7. - 

Table 7. Results or Cross-Sectional Sampling‘ for 2,4-D (ng/L) 

Lockport ~Sa'm‘pling Site North Perimeter 
(metres from left bank) 03/08/77 11/08/77 

30- 
g 

99 
' 51 

.60 99 68 
90 113 

_ 

64 
120 

I 
. .. ‘77. 

y ‘_ _ 

52 
150 

' 83 
‘ 

. 

‘ 

I 
' 89‘ 

' 

Mean‘ 94.2 66.8 
- Standard deviation 14 

. 30 42 
' Precision (%) 

In both ca_ses—theApr‘ecision (Lxl is less than the ana- 

lytical precision (La) of" 47%, therefore,'the Red River at 

10 

these sites was homogeneous within analytical ‘variability 
at time of sample col|ect_ion.

’ 

Sample Preservation 

Two of the three test cases sampledin triplicate 

. showed higher 2,4,-.D_ recovery for samples" acidified and 
extracted at the field laboratory than for samples acidified 

and extracted later irfi.Ca|g‘a‘ry (Table 8). ln factgthe recovery 
was about 100% greater. In the third case, there Was essen- 
tially no differe'nc'e' between these two preservation tech- 
niques. One sample receiving‘ no pre-treiatmentp in the field . 

gave greater recovery than either acid preservation.teclin’i‘q'u‘e. 

Table 8. Evaluation of. Sample Preservation Techniqueyfor 2,4-1‘). (ngl L) 

Acid No ‘ ~ 
' Acid] 

Location Date - Extraction Only-* Treatment 

Red River ‘ 

North Perimeter ' ‘l8/07/77 25 ' 12 
‘ 

6,6 

.Lockport 19/07/77 ’ 260 120 NR ’ 

.Se1kirk Z5’/07/77 — ’9 
_ , 

11 
y

8 

: 

."I‘his method of preservation presently used by the Water Quality 
Branch. ‘ ' 

I 

' 

' ' 

NR = no result. 

u._



A_lthoug'h, "2,4,5-T was not the focal point of this 
‘ 

report, comments regarding sample preservation for this 
test must be made. The same procedure used forevaluating 
the preservation of 2,4-D samples was used for 2,4,5-T. 
Table 9 shows the results; In one of three test cases, acid- 
ification followed by field extraction resulted in greater 
recovery than acidification alone and one out of three 

' samples without any preservation yielded greater recovery 
than either acid preservation technique. 

Table 9; Evaluafion of Sample Preservation Technique for 
294 as "T L) 

Acid/ Acid No 
Location Date Extraction Only. Treatment 

Red River 
North Perimeter 18/07/77 15 NR 14 
Lockport 19/07/77 77 44 <2 
Selkirk 25/07/77 22 26 68 

result. 

CONCLUSIONS 

‘Hie herbicide 2,4-D was found to be ubiquitous 
in the Red River between the City of Winnipeg and Netley 
Lake, located in the Red River delta. It i_s speculated that 
the Fe,brua_ry and March concentrations of 3400 ng/L, and 
2400 and 610 ng/L, respectively, are linked to the herbicide 

A packaging activitieswithin the City of Winnipeg. 

The study revealed t_hat 2,4-D was not present in 

measu_ra_ble amounts in deposited sediment or benthos of 
the Red River,_whereas it was detected in all wa't'er and 
"several of the suspended sediment samples collected. On 
a weight per‘ weight basis the 2,4-D concentration in the 
suspended . sediment was higher tha_n the concentration 
in the surrounding water. Because of the low concen- 
t_ra'tion_ of suspended sediment, the suspended sediment did 
not contribute significantly to -the 2,4-D concentration of 
an unfiltered water sample. In this regard, 2,4-D was found 
to be p'rim’a'rily in the water phase. 

Comparison of 2,4-D concentrations in replicate 
samples suggests that the sampling technique does not- 
result in poorer precision than that accounted for by 
the analytical methodology. The variance‘ in measurements 
attributable to the homogeneity of the Red ‘River and to 
the sampling technique appears to be within the analytical 
‘variability.

4 

’ The test results suggest that field acidification followed 
immediately by sample extraction i_s superior to acidification 
without field extraction. In one of three test cases, however, 
the sample with no pre-treatment recovered higher 2,4-D and 
2,4,5-T than by both of the acidified techniques. 

The data derived from the investigation of sample 
preservation for 2,4-D and 2,4,5-T are equivocal and are at 
best only indicative of the uncertainty concerning present 
sample preservation techniques. 
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