APPARENT MOLECULAR WEIGHTS QF _ORGANICS IN
SECONDARY TREATED WASTEWATER EFFLUENTS
By ' )

Dev R. Sachdev, Ph.D., P.E.,.
James J. Ferris, Ph.D.,
Nicholas 1., Cleesceri, Ph.D.

March, 1974

 FWI Report 74-3 .




APPARENT MOLECULAR WEIGHTS OF ORGANICS IN SECONDARY

TREATED WASTEWATER EFFLUENTS!

Dev R. Sachdev, Ph.D., P.E.2
James J. Ferris, Ph. D.3

Nicholas L. Clesceri, Ph.D.3

Rensgselaer Polytechnic Institute

Troy, New York 12181

1 From a section of a dissertation submitted by the senior author in
partial fulfillment of the requirements for his Ph,D. degree in Envi-

ronmental Engineering at Rensselaer Polytechnic Institute, Troy, New
York 12181,

Senior Sanitary engineer, New York State Department of Environmental
Conservation, Albany, New York.

3 Research Coordinator and Director, respectively, Rensselaer Fresh
Water Institute at Lake George, Rensselaer Polytechnic Institute, Troy,
New York 12181, : ‘




ABSTRACT

*

A study regarding the composition of secondary treated sewage
effluents based on their apparent molecular weight (AMW) was conducted,
Effluents from two domestic wastewater treatment facilities, Lake George,
NY (a tr:;,ckling filter system) and Clifton Knolls, NY {a contact stabiliza-
tion system), were collected for investigation., The sewage effluents were
membrane filtered (0.45 u pore size) and then concentrated by freeze-
drying. Sephadex gels G-10, G-15, and G-25 were employed for chroma-
tographic separation. The efficiency of organic carbon recovery for the
three Sephadex columns was 85.1 to 97.8%. There was neither. sorption
of organic carbon on the column nor any dissolution of dextran fractions
from the gels. An apparent molecular weight was assigned to each or-
ganic fraction. In the concentrated effluents approximately 60% of the
organics were of an AMW <700 and 25% of the organics were of an AMW

> 5000.




INTRODUCTION

Organic nutrienté in secondary treated sewage effluents can pro-
vide' a mode forf accelerated biostimulation in receiving waters, Little
: .has. been reported regarding chemical composition or characterization of
organics in sewage effluent from primary and éecond;try wastewafer treat-
- ment plants. * Bunch, et al., (1961), analyzed secondary treated' effluents
from two trickling filter plants and three conventional activated sludge
treatment facilitiés. Sixty-five percent of the soluble organics were un-
identified. The identified fractions were labelled as ether extractable
mafter, proteins, carbohydrates, polysaccharides, tannins and lignins, and
alkyl benzene sulfonates, Hunter and He‘ukelekian (1965) analyzed raw
sewage and separated the organic, into two fractions; particulate and soluble
fractions, The soluble fraction was further divided into ethyl ether ex~
tractable ma.ttér (mosﬂy organic acids} and ether insoluble matter contain-
ing amino acids, Rebhun and Manka (19717) studied the composition of
soluble organics in effluents from a high rate trickling filter plant and re-
ported the following component makeup: ether extractable ~8.3%, anionic
detergents v 13,9%, carbohydrates ~ 11, 5%, proteins v 22,4%, tannins ~
1,7%, and humic substances 40-50%. Zuckerman and Molof (1970) reported
that the effluent from an activated sludge treatment plant contained scluble
organic material only of molecular weight greater than 1200. The identifi-
cation of various organics in treated wastewater effluents with respect to
their molecular weights has not received adequate attention. This study has

attempted to identify the organics in treated effluents from trickling filter




and contact stabilization plants according to their apparent molecular

weights.

METHODS OF PROCEDURE

Effluents were éollectec_l from the Lake George (_New York) Water
Poliutiony- Control Plant ta tri.ckling filter treatment system) and .the |
Clifton Knolls {(New York) Water Pollution Control Pl@t {a conﬁct s‘gabili- '
zation system), These two conventional biolégica_l treatment facilities Ii_‘
operate primarily for the treatment of domestic sewage. Approximately
120 liters of effluent, collected from eaéh facility, were membrane filtered
{0.45 u pore size, Millipore Corporation, Bedford, Mass.) to rid the 1!
~ samples of as much abiotic and biotic particulate m‘atte'g as poaaible. | \

The filtered samples were concentra’ced’ by freeze-drying to obtain- '
a sufficient amount of organics for chromatographic separations. A Virtis
mechanical frel,ezeédrying unit (Model Nc;. 10-146 MR-BA; -Viri:is Company, |
Inc., Gardine.r, New York) wae used employing rnethyl alcohol as a bath \
fluid, No- artificial heat was supplied. fi“he‘ primary oiaject was f:o main - \
tain the integrity of the sample during concentration., Certain methods
{e.g., solvent extractéon, vacuum evaporation, distillation,_ etc, } which
involved contact with other chemicals or required elevated températures,

‘we're considered incompatible with research objectives.

| Sephadex gels G-10, G-15, and G-25 were employed for chroma-
tographic separations of the concentrate‘. A fraction collector (Radirac.

Model 3401 B, LKB Instruments, Inc., Rockville, Md.) was employed to

collect 5 ml fractions. The number of fraci‘icns to be collected were




calculated based on the “bed volume of each colﬁmn. A Beckman Model

315 Carbonaceous Analyzer was used to deterfnine o;ganic carbon concen-
trations in the samples ex.a.mined. The .Sephadexrcqlumns were §tandard-
ized with solutions containing a mixture of dextran blue (M.W, ca. 2 x 106)
raffinose (M.W, 594,5), dextrose (M.W. 180.0) and methanol (M. W, -32.0).
Apparent molecular weights (AMW) of various organic fra;:tions from each
column were calculated from the standard curves of tl';at lcolurnn.l ~ Details

of these methods. ;are explained elsewhére (Sachdev, 1973)..

RESULTS AND DISCUSSION

Concentration ‘by f‘reeze-Dryiﬁg_ - The ‘results of effluent cop!centra_tion
.from botﬁ the Lake George and Clifton Knolls sewage treatment facilities
are seen in Tabl‘e I; | | -
| The ox'-_'ganic_‘ carbon recovery of the freeze-dried samples was 92.3%
and 96'.‘.2%. These values are iﬁ close agreement with those of‘athers
(McDonald, 1971; Kumar, 1971; a.x;d Greene, 1972).. Since thgrcoﬁ'cen‘-‘:rated
‘efﬂﬁ‘exlxt contained some infsoluble material, they were merpbrane,filtgred and
the orga.nic carbon ccn’;eﬁt of‘t'he filtrate‘ and the retentate were determined.
The data are preééntea in Table II, |

The organ.iclt.:a;rborll in the | retentate accounts for 24. ‘4%‘ and 26.9%
in: the two concenlt-rated.e‘ffiuents. The loss o£ .;oz"ganic C?'?an is 3.2%
('Lake Ge;arge) and 2;3% (Clifton Knolls), Th-;is los.sl might have occqrred
during dryi.ng of Ii:he reter;t:;te. The soluble orga;ﬁcg ‘in the concentrated

effluents were 72.4% and 70.8% respectively ‘(Table‘ 11}. M'c;Do.nald‘ (19“71)
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TABLE I

ORGANIC CARBON RECOVERY OF THE FREEZE-DRYING METHOD FOR CONCENTRATION OF

EFFLUENTS
Lake Ge;orge Sewage Clifton Knolls Sewage
Item Treatment Plant Treatment Plant
Volume of Effluent 121.5 liters 120.0 liters
Organic Carbon in Total _‘

Effluents ' 1051.6 mg 1337.3 mg
Volume of Concentrate 1177.0 ml 1072.0 ml
Organic Carbon in |

Concentrate 971.0 mg ' 1286.4 mg
Recovery of Organic Carbon 92.3 % 7 96,2 %

Concentration factor 103 112




TABLE II

ORGANIC CARBON IN FILTERED CONCENTRATE AND SOLID MASS

Organic
Carbon in
Concentrated
Effluent
Facility mg
Lake George Sewage 971.0
Treatment Facility (1177 ml)
Clifton Knolls Se%vaée 1286.40 mg
Treatment Facility (1072 mil)

Organic Carbon

in' Membrane

Filtered Concen-

Organic Carbon
in Seolid Mass
Retained on

trated Effluent Filters Percent Percent
mg meg Recovery Loss
703.7 mg 236.6 mg 96. 8% 3.2%
{1091 ml)
(72.4%) (24.4%)
911.40 mg 346.1 mg 97. 7% 2.3%
{980 ml)
(26.9%)

(70.8%)




and Kumar (1971) reported their percentages to be 79 to 92% and 70.5%
respectively. Gjessing and Lee (1967) concentrated lake ‘waters by evapor:
tion under reduced pressure and reported recoveries of 60 to '95% of the
organics in the concentrate. It should be noted that method of concentrati
nature of the sample and the concentration factor would affect the percents

of the solid mass in a concentrate,

' Gel Permeation Chromatographi - A number of runs through each chromat

graphic column were performed to ensure reproducibility of the results,
The effectiviil:y of each column was determined by calculating the equivalen:
height of one theoretical plate (EHTP), i.e., column height divided by the
number.of theoretical plates. The EHTP values fbr the columns were:
.Sephadex G-10 column, 0.77 mm; Sephadex G-15 column, 0.64 mm, and
Sephadex G-25 column, 0.99 mm. Hall (1970) reported an EHTP for Seph
dex G-25 éolumﬁ as 1,19 mm. Determann‘(19.68) reported EHTP wvalues,
for Sephadex G-25 column, obtained by various researchers as 0.39 mm t
5.49 mm depending upon tne test substance and flow rates. EHTP. is a
measure of the effectivity of a column and the -lower this value is the mo:
efficient the column will be. An AMW was assigned to each component
collected from the Sephadex colummn by using the calibration cufve develop:

for that column.

Fractionation of the Concentrated Effluents

Sephadex G~10 Column: Concentrated Lake George sewage effluen
wasg applied to a Sephadex G-10 column., Five ml fractions were collected

and analyzed for organic carbon. The resulting chromatogram containing
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these ‘data is shown in Figure 1, ~Four such separate runs were conducted.

- In each case five well-defined peaks were obtained which were similar and

the elution volume of a peak in each of the four runs did not differ by more
than one fraction number. Although not reported herein, removal of the gel
from the column and repacking the column with the san'.xe gel did not result
in any modifications of the results shown. One of the several evaluations

regarding experimental reproducibility consisted of examining the possible

. sorption of organic compounds on the column packing or elution of some

soluble fractions of the dextran by eluant; the organic carbon recovery from

the Sephadex G-10 column was calculated for the four runs. As seen in

Table III the organic carbon recovery from this column varied from 91.1%

to 97.8%.

. Similarly, ‘the concentrated Cliftqn Knolls sewage effluent was frac-
tionated on a Sephadex G-10 columnf Once again five well-defined peaks
(Figure 2) were. obtained and the organic carbon recovery varic ! from 92. 5%
to 96.8%. In both these instances the organic. carbon recovery values
strongly suggest that there was neither any sorption of these organic com-
poundsr, prgsent in the concentrates, on the Sephadex G-«10 column,_nor.was
there any elut_ion of any soluble fractions from the Sephadex gei.

In order to obtain a.sufficient amount of pach c;rganic fraction, a
number of chromatographic separations were made of each concentrated ef- -

fluent, These organic fractions were then concentrated via freeze-drying

for further research.

In ordey to establish that concentration had not affected the stability




TABLE III

ORGANIC CARBON RECOVERY OF SEPHADEX G-10 COLUMN FOR

Organic Carbon

THE CONCENTRATED LAKE GEORGE EFFLUENT

Organi;: Carbon in all
the Fractions (mg/l)

Run No. Applied {(mg/1)
1 4.50 4.3
| 2 4.50 4.4
3 4,50 4.1
4 4.50 4.1

Percent Recovery of
_Organic Carbon

95. 6%
97. 8%
91. 1%

21.1%




of the organic fractions, the concentrated frontal fraction (G-10-1) of each

1+

effluent was rechromatographed on the S'iépha.dex G-10 column. In each case

only one peak was obtained thus indicatiri.fg that the contents had not been

affected. )

Depeﬁding upon their elution volumes an AMW was assigned to each
organic fraction {see Table IV). The pr.?;po_rtion of each organic fraction
as a percentage of the total effluent was ;calculé.ted‘baséd on the area under
the fraction in the chromatogram. These values aré displayed in Table IV.
No AMW was assigned to organic fractionl ‘G-IO-IV a.nd; G-10-V as the elu-
tion volume of these organic fractions was greater .than the elution volume
of methanol (the lowest molecular weight Tastandai'd; M. W. 2".2)." McDonald

, : :

(1971) obtained five fractions on a Sephad;ezx G-10 column. No AMW was

assigned by him to fraction IIIA, IIIB and IV,

Sephadex G-15 Column. The con;-.;:entrate;d frontal peaks (G-10-I)
from the Lake Geo:—rge and Clifton Knolls iéffluents were separately applied
to a Sephadex‘ G-15 column. The resulting chromatograms are shown in
Figures 3 and 4, respectively. In each c;ase,l two organic fractions were
obtained and an appropriate AMW was ass;igned to each organic fraction
(Table 1V), :

Also, the organic carbon recoveries from this column were deter-
mined for both these effluénts. These varied fro;n 92.5% to 97.0% for the
Lake George frontal peak (G-10-I) and 96.iﬁ% to 104.7% for the Clifton

Knolls frontal peak (G-10-I}, The proportion of each organic fraction as

percentage of the whole effluent was calculated as explained earlier (Table IV).
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TABLE IV
SUMMARY OF RESULTS

{Apparent Molecular Weight and Effluent Percentage of Each Organic Fraction)

. Lake George Concentrated Effluent Clifton Knolls Concentrated Efﬂuent.

O.rganic Percent of Fraction Apparent Percent of Fraction Apparent
Sephadex Fraction in Concentrated Molecular in Concentrated Molecular -
Gel- Number Effluent % Weight Effluent % Weight
Sepha.déx
G-10 I 37.8 > 700 41.5 > 700
I 33.7 430 31.6 310
II1 7.1 117 6.3 100
v 7.3 Undefined 14.6 Undefined
\'s 6.7 Undefined 1.6 Undefined
Sephadex
G-15 I 20.4 > 1500 28.8 > 1500
' . I 17.4 1200 12.7 750
Sephadex _
G-25 1 20.4 > 5000 28.8 > 5000
TOTAL 92.6 95.6




Sephadex G-25 Column, The Sephadex G-15 frontal peaks (G-15-I)

-

from Lake George and Clifton Knolls efﬂuénts were concentrated by freeze-
drying and then separately apphed to a Sephadex 0—25 column, Figures 5
and 6 ahaw the resultmg chromatograms._ In each case only one organic
fraction f:vas obtained. An AMW wa s assigned to this fraction and its pro-
portion as a percentage of the whole efﬂuent was determined (Table IV).
The organic carbon recovery was 86.6% to 93 6% (Lake George) and 85.1%
to 89, 5% (Clifton Knolls).

The gel filtration research showed tﬁat the organic carbon recovery
for the three Sephadex columns varied from B5,1% to 97.8% except in one
run on a G-15 column wh.erein the récovery for the Clifton Knolls G-10
frontal peak was ..104.7%., - These values indiéated that tiaere was neither
sorption ;.'Jf organic carbon on the colu@ {(because the fecovery values were
approximately 90%), nor was there a.réy dissolution of dext;_fan fractions from
the gel (there beingﬂ no increase in or%ganit; lcl:‘arbon re.cover‘y). The increa.se
in organic carbon recovery in only or%e run may be explained due to instru-
mental error (carbon analysis) or pers‘;ona.’l error in calculating areas under
each peak. There is no possibility of disléoluti'on‘ of dextran ffactions as

this phenomenon was never observed in this column or any other column.

Hall (1970) reported high recovery values (101% to 114.7%)for Sephadex G-75

L]

columns and noted that the high values could be due to leaching of soluble
dextrans from the column but possibly were the result of.cumulative. error
in analyzing 25 to 30 fractions. Gjessing ‘,and. Lee (1967) reported 87 to 95%

organic recovery from G-75 column and 100% recovery from other columns
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(G-200, G-100, G-25, and G-10). Greene (1972) reported. organic car_bon
recovery of 90 to 107% from Sephadex G-15 collimﬁa.

As indicated.in Table IV, the secondary treated sewage effluents
consisted of groups of compounds of different apparent molecular weights
varying from less than 100 to more than 5000, The organic fraction (G-
25-1) with an AMW greater than 5000 was not further fractionated and pre-
sumably contained compounds of varying molecular weights (all greater than
5000). . These compounds (with AMW > 5000) formed 20.4% and 28.8% of
the dissolved organic matter in the Lake George (a trickling filter system)
and Clifton Knolls (a contact stabilizatiop system) concentrated effluents

respectively. Organic compounds with AMW less than 700 made up 62.2%

{Lake George) and 58.8% (Clifton Knolls) of the soluble organics in the

effluents, McDonald (1971) reported that 69% of the organic carbon in the
sewage effluent from an activated sludge plant he investigated, consisted of

organic compounds with AMW less than 700 whereas 18% of the organic

‘compounds were of AMW greater than 30,000, Bunch, et al, (1961) analyzed

effluents from different treatment plants and concluded that only 40% of the
compounds were of high molecular weight, Greene (1972} noted that more
than 90% of the soluble organics in municipal wastewater had AMW less than
1500. He further stated that after chemical treatment and activated carbon
adsorption the soluble organic component was prinixa,rily of low molecular
weight (less than 1500). Kumar (1971) reported that 18% of the organic

compounds in the effluent from a contact stabilization plant were with AMW

greater than 1500 and 59% were with AMW less than 500. Thus, observation
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reported 'h-erein are in accord with their data.

However, ‘Zuckerman Ian;l Molof (1970} reported that the efﬂuént
from an  activated sludlge treatment plant contained organic material having
.molecu_lai' weight greater than 1200, These results ar.e in conflict with
those obtained in this Btudylr as well as: the others mentioned. The measure-~
" ment of organics. was pe.x;formed by Zuckerman and Molef {1970) using a

‘low level automated C.O,D, analysis technique‘; Ha.ll (1970) compared. the

- results of organic carbon (measured by a Leco Carbon Analyzer) and C.0.D.

{measured by Technicon Autocanalyzer) in various fractions from a Sepha&ex
G-T75 _colu;nn and reported that the C, O.D, procedure measured 60 t6 70%
of the carbon in these fractions. Also, he.mealsur'ed C.Q, D.. values by the
procedure recomi}nended. by Stanﬁard Methods (1965) and by the autoanalyzer,
- The values . obtained by. using proc,;edur-es outlined 'in Standard Methods were
consistently higher, .averaging 1.3 times the autoanalyzer values. Gjessing
bnd Lee (1967) notéd thgt 3Q to 40% of ‘the organic carbon present in their
fractions was measured by the autoanalyzer C,0.D. procedure. Zuckerman
and Molof (1970) used unconcentrated samples for chromatographic separa-
tion. The treated wastewater from Lake George had 8.66 mg/1-C orga.nic.‘
carbon and that from Clifton‘ lKnolls"ha.d 11, 14 mg/l-C organic carbon.' Due
to low organic carbon .contents-in treated sewages and the autoanalyzer re-
portedly rﬁeasuring 36 to 70% of the oréani_,c carb:an, it is possible that full’
detection of the organic carbon in’the fractions collected by. Zuék.erma,n and .
Molof was not achie'ved. In view of the results by many <'>ther. investigators,

referred to above, which are in essential agreement with this study, the
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results of Zuckerman and Molof (1970) do not éppear to be tenable.

From Table IV, it is evident that organic compounds with AMW
between 1500 (exclusion limits of Séphadex G-15) and 5000 (exclusion limit
of G-25) werg not existing in any of the two sewage effluents investigated,

Also, McDonald (1971) did not report any organic fraction with AMW

between 1000 and 5000,

CONCLUSIONS

The results of this investigation have led to the following conclu-

sions:

1. Freeze-drying is an efficient method of concentrating organics in
sewage effluents. The organic carbon recovery was 92.3% to 96. 2%.

2. Gel permeation chromatography is a powerful tool for fractionation of
sewage effluents, ,

3. In concentrated Lake George sewage effluent 62,2% of the soluble or-
ganics were of AMW < 700 and 20.4% > 5000. Similarly in the . ase
of Clifton Knoils sewage effluent the organic compounds of AMW < 700
formed 58.8% of the soluble organics and 28.8% of the organic com-
pounds were of AMW > 5000. In secondary treated domestic effluents
most of the organié compounds are of molecular we;'.ght less than 700,

4. There were no organic compounds with AMW between 1500 and 5000
in both Lake George and Clifton Knolls concentrated effluents.

5. The organic carbon recovery from the Sephadex gel’ columns was 85.1%

to 97.8%. JThere was neither sorption of organics on the gels nor was
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there any dissolution of dextran fractions from the gels, ¢
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Figure 1 Chromatogram of Concentrated Lake George Se-wage Effluent
-oﬁ. Sephadex G-10. The volumé of sample used was 7,0 ml
(645 mg C/1). Column specifications: 80.1 cm x 2.5 cm;‘
75 ml/hr.

Fig_ure 2: Chromatogram of Concentrated Clifton Knolls Sewage Effluent
on Sephadex G-10, The volume of sample used was 10.0 ml
(330 mg Cfl). Column specifications: 80.1 cm x 2.5 cm;
75 ml/hr,

Figure 3: . Chromatogram of Frontal Peak G-10-I of Lake George Effluent
on Sephadex G-15. The volume of sample used was 2.4 ml
(835 mg C/1), Column specifications: 82.2 cm x 2.5 cmy
67 ﬁﬁ/hr.

Figure 4:  Chromatogram of Frontal Peak G-10-I of Clifton Knolls
Effluent on Sephadex G-15. The volume of sample used was
2.0 ml (1050 mg C/l). Column specifications: 82.2 e¢m x
2.5 cm; 67 ml/hr. |

Figure 5:‘ Chromatogram of Frontal Peak G-15-1 of Lake George Effluent
on Sephadex G-25; The volume of sample used was 2.0 ml
(560 mg C/l). Column specifications: 76.6 cm x 2.5 cm;
80 ml/hr,

Figure 6: Chromatogram of Frontal Peak GalS-:I of Clifton Knolls Ef;
fluent on Sephadex G-25, The volume of sample used was
3.0 ml (760 mg C/1). Column specifications: 76,6 cm x

2.5 cm; 88 ml/hr.
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