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MANAGEMENT PERSPECTIVE

The main factor governing the adsorption of 1ipophilic

contaminants to suspended solids 1is undoubtedly organic. carbon

“content. However, particle size distribution may also influence

cbntaminant—su;pended solids interactions, and may be relatively more

_ 1mpoftant with more water-soluble or fonic contaminants which might

tend to adsorb more to the clay fraction of suspended solids. - In such

| cases, a real considerations may be more important. This article is

the report of an investigation of suspended soiids in the Yamaska
River in the Eastern Townships of Quebec - their size distribution,
chemical and bacterial 'content, and the partitioning of ‘two
water—so]gble dyéstuffs between the dissolved phase and.differént size
fractions of suspended solids. The water-soluble dyes Acid Orange 60
and Basic Violet 1 were chosen since they are used in the Eastern
Townships of Quebec, the heart of Canadafs textile industry (Maguire
1989), and aréirepresentative of major use classes.

Suspended solids from the Yamaska River in Quebec. have been

separated into several size fractions from 3 to > 88 um, and the size

fractions have been analyzed for their bacterial content as well as

their ability to édsorb two water-soluble dyes. The results indicate

that the suspended sQlids are capable of adsorbing and thus

transporting"significant quantities of these dyes in river water.




PERSPECTIVE-GESTION

Le principal facteur qui gouverne 1'adsorption de contaminants
lipophiies d des matiéres solides en.suspension‘est.sans aucun doute
la teneur en'-carbone organiqﬂe. Cependant, 1la distribution
granuiométrique peut également influencer 1les interactions entre

contaminants et matiéres solides en suspension, et peut gagner

'ﬂ relati?ement en importahce s'il s'agit de contaminants 1oniqUes‘ou

LY

'davantage hydrosolubles qui peuvent tendre d €tre davantage adsorbés
sur la fraction argileuse des matiéres en suspension. Cet article

rapporte les résultats dfun examen des matiéres en suspension qui. sont

trouvées dans la riviére Yamaské; dans les Cantons de 1'Est au Québec;

1'examen portait sur la distribution granulométrique, la teneur en

~bactéries en produits chimiques et les populations bactériennes ainst

que sur le partage des deux colorants hydroso1ub1es entre la phase
dissoute et les différentes fréctions granulométriques des matiédres en
suspension. Les colorants hydrosolubles Orange acide 60 et Violet
alcalin 1 ont été choisis puisqu'ils sont utilisés dans les Cantons de
1'Est, au coeur de 1'jndu$tfie du textile au Canada (Maguire, 1989),
et qu'ils sont représentatifs des princip&les classes de colorants
utilisées.

. Les matiéres en sdspension de la Yamaska ont été‘partagées env

différentes'fractions granu1ométr1due$ comprises entre 3 et plus de

~ 88 um; les chercheurs ont dénombré les populations bactériennes ainsi

que la capacité d'adsorber les deux types de colorants de chacune des
fractions. Les résultats indiquent que les matiéres en suspension ont
la capacité d'adsorber, donc de transporter, ces colorants en

quantités importantes dans 1'eau de 1a riviére.




ABSTRACT

Suspénded solids from the Yamaska River in Qqébec have been
separated into several fractions from 3 to 15, 88 um, and the size
fractions have been analyzed for their bacterial content'as well as
theif ability to adsorb two water-soluble dyes. The results indicate
fhat the suspended solids are 'capabie of adsorbing and thus

transporting significant quantities of these dyes in river water.
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RESUME

‘Les matiéres en suspension de la riviére Yamaska ad Québec ont
été.partagées en plusieurs fractions granulométriqueé de 3 & plus de
88 um{ chaque fraction a été soumise & des analyses visant d& établir
la numération'bactérienne et & déterminer 1a capacité d'adsorption de
deux colorants hydrosolubles. Les résultats indiquent que 1les
matiéres en suspension ont la . capacité d'adsorber, donc de
transporter, ces colorants‘en quantités 1mportahtes dans 1'eau de la

riviére.



I I N N N O B B I e e

INTRODUCTION

An important process in the transport and fate of 1lipophilic

chemicals in natural water is partitioning between the operationally

defined "dissolved" phase and reservoirs of organic carbon found in
"compartments“ such as suspended solids, sediments and biota (e.q.,

Karickoff, 1981). Lipophilic chemicals are frequently found in these
compartments at concentrations orders of magnitude h1gher than in the

"d1ssolved" phase. The suspended solids are usually def1ned as those

' that are retained by a 0.45 um 'filter, or by continuous flow

centrifuge, and the filtnate or éentrifugate is designated as the
"dissolved" phase. The "disso]ved" phase haS been assumed to contain
both truly dissolved chemicals and chemicals adsorbed to colloidal
material too small to be retained by a filter or tentrifuge. A model
of the distribution of lipophilic chemicals in natural waters has been
proposed which includes the "compartments": fru]y dissoiﬁed, adsorbed

to suspended solids, and adsorbed to non-settling particulates or

macromolecules (Gschwend and Wu, 1985). A subsequent study of the

distribution of PCB congeners in Lake Superior water indicated that

ﬂcollo1d assoc1ated contaminants may be the dominant fraction in most

surface waters, from the viewpoint of mass balance (Baker et al.,

1986). This work supported an earlier contention that for lipophilic

contaminants in the Great Lakes, even for compounds having sediment/ -
water partition coefficients of 105 (Kp - (ug/g -sediment)/(ug/g
water), more than 90% of the water burden might exist in the dissolved

fraction (Eisenreich et al., 1981). This is 1ikely to be true for all
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but the most highly lipophilic chemicals (i.e., 1og Kou> 6) in all
but the most eutrophic aquatic ecosystems. If recent observations of
1ipophilic contaminants in basic extracts of filtered Niagara River
water after prior extraction at.low pH are of general significance
(Maguire and Tkacz, 1989), the "dissolved" fraction may be‘even more
important than s currently believéd; Desnite the foregoing
observations, in water quaiity moniforing programs. suspended sdlids

Samples are frequently taken by centrifuging lnrge volumes of water in
an effbrt to détermine the présence of lipophilic chemicals. A1thoUgh
there are somé limitations to this practice,_ it is superior to

analyzing only small volumes of whole water, in which contaminants may

~ be below 1imits of detection.

The 'main factor governing the adsorption of 1lipophilic
contaminants to suspended solids is undoubtedly organic carbon Content
(Karickhoff, 1981). However, particle size distribution may also
influence bontaminant-suspended solids interaétions, and may be
relatively more important - with more | water-soluble or ionic
cqntaminants'wnich might tend to adsorb more to the clay fraction'of
suspended solids. In such cases, areal cdnsideraﬁions may be more

important.  This article is the report of an investigation of

~suspended solids in the Yamaska River in the Eastern Townships‘of

Quebec - thie size distribution, chemical and bacterial content, and

the partitioning of two water-soluble dyestuffs between the dissoived
phase'and different size fractions of suspended solids. The water-
soluble dyes Acid Orange 60 and Basic Violet 1 were chosen since they
are used in the Eastern Townships of Quebec, the heart of Canada's

textile industry (Maguire, 1989), and are representative of major use

classes.




EXPERIMENTAL SECTION

Sampling Site

The Yamaska River (cf. Figure 1), a tributary of the St. Lawrence

River approximately 70 km east of Montreal, has been highly polluted

in the past and water qua]ity in the basin has been generally lowe
because_ of 1ndustriél dishcarges and 1inadequate waste treatment
facilities (Tate, 1972; Dutka et al., 1988). Water samples of 200 L
Qolume were collectged from site 5 (1 km downstream of Granby) in June
and AugueSt 1988. In order to minimize agitation of the water sample
during transport to‘the laboratory, with possible disintegrfation of
suspénded so]ids, the 200 L container was filled to capacity.' The
water temperature was approximately 20 °C. Three days elapsed between
the time the water was collected and the time of particle size

analysis. - Dye-binding experiments were conducted within 24 hours of

‘fractionation.

~ Particle Size Distribution Analysis

The size distribdtion of .the suspended sediment in the range
1-100 um was determined by laser paftic]e-size analysis with a Malvern
Series 2600 laser diffraction particle sizer (Bale and Morris, 1987).
The particle size distribution of the samples was derived from
measurements of the near-forward Fraunhofer diffraction spectrum that
is. provided by a partic]e' group randomly distributed in a sample

cell. Laboratory studies using dispersed particles from another
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source have shown that there was no appreciable difference in the
grain size distributidn determined by cascade filtration :(g,g.,
Munawar et al., 1983, Rao and Kwan, 1989) and the Malvern laser

technique over the range 8-60 um (Droppo, personal communication,

1989). Because the material from the Yamaska River was flocculated,
- it was assumed that flocculated aggregates were physically stable

'between the time of collection and the time of analysis. ~ This

assumption dppears to be valid as shown by microscopic observations of

- floc stability under conditions of moderate agitation of floc material

on a microscopic slide (Droppo, personal communication, 1989).

Hla,

‘Size Fractionation of Suspended Solids

A5 L subsample of the river water was filtered using a modified
cascade size fractionation procedure (Rao and Kwan, 1989) using 80,
64, 40, 20, 8 and 3 um filters (the 8&3 um filters was were poly-
carbonate). Extreme case was téken to minimize particle disinteg-
gration and filter CIogging by gentle mixing of the sample during
filtration and gentle resuspension of the material on each sieve
surface by dipping‘.the sieve surface below the surface' of the

filtrate. Each of the fractions from each sieve filter was carefu]ly

“resuspended in 200 mL distilled water and analyzed for bacterial

content, organic carbon and nitrogen content.




| Bacterial Content

A 1mL subsample ofleach of the fractions was diluted to 10 mL
with sterile low—response water and homogenized using a vortex mixer
at highest speed for 1 min. to facilitate un1form dispersal of

bacteria from the part1c1e aggregates (Marxsen, - 1988) Bacterial

’ content was then determined using. the acr1d1ne orange direct

m1croscop1c counting procedure with a phase contrast microscope (Rao

et al., 1984)

- Organic Carbon’and Nitrogen

Particulate organic carbon and nitrogen analyses were performed

'according to standard methods (Water Quality Branch, 1979).

Sorption of Water-Soluble Dyes

The dyes Acid Orange 60 and Basic Violet 1 were supp11ed by the
Ecolog1ca1 and Tox1colog1ca1 ~ Association of the Dyestuffs
Manufacturlng Industry,iwashington, DC, USA. Their_structures are
given in Figures 2 .end 3, and their :octanol—water partition
coefficients (determined by standard methods in this:study) are given
in Table 1. o

Each 200 mL suspension of the suspended solids fractions was
gently shaken with 5 ppm solutions of either dye. The concentrations
of the dyes -in the "dissolved" phase were determined spectrophoto-

metrically at 24 h intervals, after the mixtures were centrifuged at
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| 500 x g for 10 min. Monitorihg wavelengths were 586 nm for Basic

Violet 1 and 273 nm for Acid Orange 60. The sbrption experiments were
performed in the dark‘ to exclude photodegradation. Controls were |
employed as a check on chemical degradation and adsorption to

container walls..
RESULTS AND DISCUSSION

Table 2 shOws the particie size distrfbutioh -anéﬂysis and
associated organic carbon and nitrogen contents of the different size
fractions of particles from the YamaSka River. The figures are
averages for the two samples. The 20-40 -um fraction accounted for 28%
of all particulates, more than any other fraction, and it had higher
bacterial densities and organitl carbon and nitrogen contents than
other fractions. To our kﬁowledge this is the first report of the
association of bacterial populations with different particle sizes of
suspended solids. |

Figure 4 shows the rate of adsorption of Acid Oranée 60 and
Basic Vio]et 1 to five size fractions of suSpended Solids. With Acid
Orange 60, apparént eqdilibrium was reached in approximaté]y 48 hours
with concentratibnslin the range 5-45 ug Acid Orange 60/mg Suspended

solids dry weight. ‘Acid Orange 60 was bound with deCreasing strength

~ in the size fraction series (20-40) > (40-60) > (8-20) > (64-88)> (>88

um). The Togarithm of the apparent partition coefficient for this dye

between the "dissolved" phase and the five size fractions test (ug
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dye/L solution/ug/dye/kg suspended solids dry weight varied from 3.6
to 4.1 at 24 - 96 hours. It was estimated that under the'conditions

of the experiment about 20 - 30% of the dye was bound to particulate

'materiai > 8 um.

With Basic Violet 1 equilibrium was not reached even. after 96

hours, at which time dye concentrations_in the suspended solids were

in the range 2-12 ug Basic Violet 1/mg suspended solids dry weight.

At 96 hours,the'concentration of Basic Violet 1 as a function of eize
fraction deciined”in the'eeries (40-60) > (8-20) > (2b-40)> (>88) >
(64-88 um). It Wasx est%mated that under the conditions of the
experiment  of 96 hours STIO%' of the dye was bound to particulate
material > 8 um. This fraction would be expected to be larger at
equilibrium. |
The results of this work indicate that particuiate material in

the Yamaska River is capabie of adsorbing and transporting these two
water-soluble dyestuffs. Qifferent size fractions of the suspended
solids exhibited widely va#ying affinities for the two dyes. This

study has also shown diffenent bacterial concentrations in different

size‘fractions of suspendedEeoiids. Although the dyes may be adsorbed
to the bacteria, earlier gtudies have‘suggested that the bacteriai

population does not contribute significantly to the total amount of

i

iproportion of bacteria to other material

humic substances in both suspended and
bottomzsediments (Smith et gl., 1977). However, there is stiii the

potential for bacterial traneformation of dyes on suspended solids.
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Table 1. Chemical Data for Acid Orange 60 and Basic Violet 1.

Acid Ofange 60

Basic Violet 1

Chemical Abstracts Serviéé No.
Colour Index No.

Chemical Formula

Molecular Weight

Log Octanol-Water

Partition Coefficient

30112-70-0

18732 |
C32H30N1006S2Cu
778.33

0.664+/-0.24

8004-87-3

42535

C24H2gN3C1
393.96

-(0.17 +/- 0.05)
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Table 2. Particle Sizes and Concentrations of Bacteria, Particulate

Organic Carbon and Nitr09en'in Yémaska River Water

Particle '% Volume Bacterial

Particulate Particulate
. .Size Organic Organic
Range * in River Densities Carbon Nitrogen
(mm) o Water IX10"5/m1 mg/L .- mg/L
38 18.5+/-6.1 3.5 no data no data
8-20 20.2+/-1.7 3.7 5.06 0.39
20-40 28.4+/-1.5 8.3 7.74 - 0.68
40-64 13.7+/-2.7 6.8 1.61 0.10
64-88 6.7+/--3.2 - 3.6 0.75 0.04
>88 5.7+/-2.4 no data 3.17 >0.002

* Measured by Malvern Particle Size Analyzer



FIGURE CAPTIONS

Figure 1: Yamaska River basin in Quebec.

Figure 2: Structure of Acid Orange 60.

Figure 3: Structure of Basic Violet 1. |

FigUrg 4. Rate of adsorption of Acid Orange 60 and Basic Violet 1 to
.differeht,size fractions of suspended solids‘from the

. Yamaska River.
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Fig.4.Rate of adsorption of Acid Orange 60 and
' Basic Violet 1 to different size fractions of
suspended solids from the Yamaska River.




