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COD OF CSs-2151

Introduction

The chemical oxygen demand (COD) test measures the oxygen
equivalent of a chemical under strong oxidizing conditions. When
compared to theoretical oxygen demand, COD can give an indication
of the stability of the component to chemical oxidation. Since
most organic compounds are completely degraded in the COD test,
this test is frequently used for comparison with the biochemical
oxydgen demand (BOD) test. For those materials degraded by the
COD test, the BOD/COD ratio gives an indication of the
completeness of biodegradation.

This report describes the test performed on CS-2151 to evaluate
its COD. It provides the data generated in this study and

compares the chemical oxygen demand to the theoretlcal oxygen
demand.

Methods and Materials

The 3M Environmental Lab-received the test substance on 11/4/80.
The sample was a light, yellow liquid. It was reported to
contain 25% solids in water. Solid portion of this product is
designated CS-2070.

Wade Schiel performed the chemical oxygen demand test in
accordance with the standard Environmerntal Laboratory Protocol
(attached) this protocol is based on the Standard Methods
chemical oxygen demand procedure. The COD was also measured
according to the Oceanography International Standard Ampule COD
Method (copy attached). For both procedures, COD's were also run
in parallel on potassium hydrogen phthalate (KHP) reference
samples.

Results and Discussion

Duplicate determinations by the reflux method gave COD for
CS-2151 of 67,000 mg/kg and 66,000 mg/kg. A potassium hydrogen
pthalate standard run in parallel with a theoretical COD of 405 .
mg/l was determined to have a COD of 392 mg/l. Duplicate COD
measurements on CS-2151 by the ampule protocol were both 81,000
mg/kg. The parallel standard with a theoretical COD of 176 mg/1l
was determined to have a COD of 170 mg/l.

Previous studies on FC-~98, which is the same fluorochemical
except that potassium replaces the diethanolamine, showed that
FC-98 had no chemical oxygen demand. Therefore, it appears that
the chemical oxygen demand of CS-2151 is due only to oxidation of
the diethanolamine portion of the molecule. The theoretical COD
of the CS-2151 solids (CS-2070), assuming its fluorochemical
portion and NH3 are not oxidized, is 307,000 mg/kg. Thus, the
theoretical COD of CS-2151, which is a 25% aqueous solution is
77,000 mg/kg.

Conclusion

The measured COD values are consistent with the hypothesis that

only the diethanolamine portion of the molecule is degraded in
the COD test.
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To evaluate the susceptibility of CS-2151 to
biodegradation.

REPORT ABSTRACT: (200-250 words) This abstract information is distributed by the Technical Communications Center to
alert 3M’ers to Company R&D. It is Company confidential material.

A 20-day biochemical oxygen demand (BOD,.) test using
concentrations of CS-2151 ranging from 39 to 540 mg/1l

gave a BOD for CS-2151 of 69,400 mg/kg (278,000 mg/kg

for CS-20789. Oxygen demand is presumed to be due to the
diethanolamine portion of the molecule since a previously
conducted BOD2 test on the sodium salt of the fluorochemical
portion of CS-9151 showed no oxygen uptake. The B0D2 was
equivalent to 90% of the theoretical oxygen demand fog the
diethanolamine portion of the molecule assuming its
complete conversion to COz, HZO, and NH,. The possibility
of partial degradation of“the“fluorochefiical portion of
CS-2151 cannot be eliminated by this testing. However,
experience with a wide variety of similar compound
indicates that the perfluorinated portion of this molecule
will not biodegrade.
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BIOCHEMICAL OXYGEN DEMAND OF CS-2151

Introduction

The objective of this study was to obtain an indication of the
biodegradability of CS-2151, which is the diethanolamine salt of
perfluoro ethylcyclohexane sulfonic acid. Its intended use is as
a surfactant for mist suppression in anodizing, electroplating,
and etching baths. As a result of these uses, it will be dragged
out with parts and will enter the environment with the water used -
to rinse these parts. When used in strong-acid, etching systems,
the ethanolamine portion of the molecule would likely be

partially or completely oxidized prior to its entry into the
environment. ‘

Methods and Materials

The Environmental Laboratory received the test sample on 11/4/80.
The sample was a light, yellow liquid. It was reported to
contain 25% solids in water. W. A. Schiel and M. Roberts
performed the 5, 10, and 20-day biochemical oxygen tests
according to the attached standard Environmental Laboratory
protocol. In this testing, four concentrations were used ranging
from 68 to 540 mg of CS-2151 per liter of BOD dilution water.
There was little oxygen depletion during the first five days, but
at 10 and 20 days only the BOD bottle containing 68 mg/l of
CS-2151 contained greater than 0.5 mg/l of oxygen residual. The
oxygen depletion due to the samples is shown in Table 1 below:

Table 1 - Oxygen depletion due to CS-2151 (i.e., oxygen depletion

in sample bottle corrected for oxygen depletion due to seed and
water).

Cs-2151 Ooxygen begletion Due to Sample{mg/l)
Conc.(mg/1) ‘Day 5 Day 10 Day 20
68 0.06 4.17 4.69
140 0.16 >7.65 -
270 0.20 57.65 -

540 0.31 >7.6 -
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When there is less than 2 mg/l oxygen depletion, the
Environmental Laboratory Protocol calls for reporting BOD as less
than the BOD value which would have been calculated if the
highest test material concentration had shown an oxygen depletion
of 2 mg/l. The 5-day BOD was thus reported to be less than 3,700
mg/kg. The BOD at 5 and 10 days was calculated based on the
oxygen depletion of the 68 mg/l culture in accordance with the
attached protocol. The reported BOD values are, therefore:

BODg =~ <3,700 mg/kg
BODjg - 62,000 mg/kg
BOD3g - 69,000 mg/kg

BOD tests have also been done on the potassium salt of perfluoro
ethylcyclohexane sulfonic acid. The 20-day BOD was found to be
less than 3,800 mg/l. These results indicate that under these
conditions that the perfluorinated portion of the molecule is
unlikely to degrade. Assuming no nitrification and no
biodegradation of perfluorinated portion of the molecule, the
theoretical biochemical oxygen demand would be 77,000 mg/kg (307
mg/kg for the 100% solids material). The observed BOD value was,
thus, 90% of the theoretical assuming that only the _
diethanolamine was biodegraded. Since BOD values rarely reach
theoretical oxygen demand, these results indicate essentially

complete degradation of the diethanolamine portion of the
molecule.

Discussion

The results of this testing when evaluated in conjunction with
BOD results on the potassium salt of the fluorochemical portion
of this molecule indicate that the fluorochemical portion of the
molecule would not biodegrade under the test conditions, while
the diethanolamine portion would be completely degraded. The
20-day biochemical oxygen demand test (BODyp) is a test for ready
biodegradability. This test alone cannot exclude the possibility
that the fluorochemical portion of the molecule may biodegrade
after longer periods of acclimation or under more favorable
conditions. Such degradation is, however, very unlikely.
Literature studies conducted on an ongoing basis for several
years have not uncovered articles that describe the
biodegradation of a completely perfluorinated organic material.
The 3M Environmental Laboratory has also not seen the
biodegradation of any 3M perfluorinated organic materials.
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