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Analytical Chemistry '
Special Study AC-75-85-8

Bl1ODEGRADABILITY OF PLASTICIZERS

0BJECTIVE

To determineg the b.odeg*ad bility of current, potential and competifive
products to aid in the assessment of their envﬁronmental‘compatibiTTty.

SUMMARY

phthalate, mono (Z-ethylhexyl) phthalate, o-phthalic aéid and 2- e;hylhexanol

These studies demonstrated that as a group the phthalic acid and adipic

acid ester plasticizers should not persist for long times in the environment.

The biodegradability assessment for individual piast:c1zers is as follows

(no ranking within groups): ~
: - Y BuLyTDenzyl phthalate [Santicizer 160] ,

¥ Butylglycolylbutyl phthalate: [SﬁanCLzer~El61

h Di(Z-eththexy]) shthalate [DEHP, DOP]

Di(heptyl, nonyl) adipate [SantEC|zer 9747

D7 (2-ethylhexyl) adipate [DOA]

Di-n~hexyl adipate

1,3-Butylens glvcol adipic acld

polyester [Santicizer 334F]

Readily degraded

<ol

<

Intermediate Di{heptyl, nonyl, undecyl) phthalate
degradation rate _ [santicizer 711
ViDiundecyl phthalate [DUP]

Slowly degraded Y Tri{heptyl, nony?);trfmel]itate
[Santicizer 79TM]

The degradation pathway for the phthalic acid esters was shown to involve
conversion to the half ester and/or phthalic acid followed by ring cleavage

to smaller non-sromatic molecules, Primary bicdegradation of three expected
metabolites {monobutyl phthalate, o-phthalic acid and 2-ethylhexancl) was

very rapid. Ultimate biodegradation carbon dioxide determinations for
Santicizer 160, Santicizer 711, di{2-ethylhexyl) phthalate and mono(2-ethylhexyl)
phthalate showed essentially compiete conversion to C0» and H20.

The a2dipic acid esters similarly were shown to undergo Tepid primary and
eseentially complete ultimate blodegradation. .
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TEST METHODS

l. Ultimate Biodegardation

We define ultimate biodegradation as complete conversion of an organic
material to carbon dioxide, water, fnorganic salts and normal cellular
~products of bzeteria. The rate and axtent of CO0g producticn. by
bacterial action is dependent on many variables. However, the extent
of €0y production Tn a given time under constant conditions can be used
as a measure of ultimate bicdegradability of a material. Several test
procedures have been developed for this purpose. Readily degradable
materizals such as dextrose and linear alkylbenzens sulfonzte (LAS)
typically yield 80~90% and 60-80% of theory, respectively, by these
procedures. Since the bacterial systems used in these procedures are
retatively week, a material showing a high degree of conversion to CO2
during the test interval is not |ikely to persist In the environment.

A. Thompsoa-DuthIe—Sturm Procedure

-In this procedure [J. Amer. 0i1 Chem. Soc.-50, 159 (1973}; J. Water~
Poll. Control Fed. 40, 306 (1968)] a nine-liter bottle containing
500 ml of acciimated bacterizl seed and 5,500 mil of standard B00
water is prepared for each test meterial and a control. Except for
the control bottle, each bottle receives z weighed quantity {approxi-
mately 120 mg) of the appropriate test material. The bottles are
connected to a source of COp~fres air and.the effluent air passed
through a set of aqueocus barium hydroxide scrubbers. The evolved
COp is trapped as barium cartonate and quantitated by titration of
the remaining barium hydroxide with 0.1 N HC1. CO0p values obtained
from the control are subtracted from those obtained for the test
material. The £05 preoduced during an experiment (2835 days) is
compared to the theoretical yield based on the carbon compositio
and weight of the material. . '

B. Monsanto Shake Flask Procedure

The shake flask system is similar to that described by Gledhil]

[Appl. Microbiol. 30, 522 (1575)]. In  the shake flask procedure,

100 mi of acclimated bacterial seed is mixed with 400 ml of standard
BOD water in fluted 2-liter Erlenmever flasks. A weighed gquantity
{approximately i5 mg) of the appropriate test material is added to
each flask except Ffor the control. After zerating the medium with

70% oxygen in nitrogen, an open reservoir containing 10 ml of 0.1 H
barium hydroxide is suspended via 2 glass tube inserted in a rubber stopper.
Provisions for removal and addition of the barium hydroxide solution,
aeration and sampling are provided. After sealing, the flasks ars
agitated on a rotary shaker at 80 rpm in the dark at ambient tempera-
ture. Pericdic removal (3, 7, 14, 21, 28 and 35 days) and titration
of the barium hydroxide selution are used to determine the C0o evolved
Fresh barium hydroxide solution is added back at each sampling point
and the flasks sparged with 70% oxygen. (02 evolution values

obtained with the control arz subtracted from values for test
material.
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Primary Biodecradation

Primary bicdegradation is defined as the disappearance of the original
material due to bacterial action as evidenced by a specific analytical
technique. Primary biodegradation measurements alone may not suffice
to establish biodegradability because some materials which undergo
compiete primary biodegradation may be converted to more persistent
intermediates. The use of specific analytical methods allows one to
work with a wide variety of bacterial systems and conditions. Two
procedures which have been widely used In primary biodegradation

measurements are the semi-continuous activated sludge (SCAS) test -

simulating a secondary-sewage treztment process - and the river
dig-away (RDA) test -~ simulating the natural environment of a river.

A. Semi-Continucus Activated Sludge {(SCAS) Procedure

In our SCAS procedure (Analytical Chemistry Method 71-32), mixed
liguor (activated sludge and supernatant) from 2 local domestic
sewage_treatment plant is charged to.a magnetically-stirrad vessel..
_of 1.5 1iter capacity. Means~for aeration and sampling are provided.
_The SCAS unit is gensrally operated.using.z ‘retention or aeration=<
cycle of 23 to 167 hours. At the beginning of each cycle, a given
level of test material (generally in ethanol solution) and synthetic
{300 mg glucose, 200 mg nutrient broth and 130 mg KgHPOA) and/or
raw sewage are added to the mixed ligquor {2,500 mg/liter suspended
solids concentration). Aeration is maintained until the end of the
cycle, at which time the sludge I1s settled and one liter of super-
natant drained. - The cycle is then re~initiated by the addition of
tap water, sewage and test material. Primary bicdegradation is
determined during one cycle each week by analyzing 50 ml mixed
liguor samples withdrawn after feeding (C.) and at the end of the
aeration cycle {Ch)}. ~The parcent blodegradation is calculated from
the following egquation: -

% Primary Biodegradation = (Cq - C,)/Cq X 100

B. River Bie-Away (RDA) Procedure

The RDA test consists of exposing a low level {usually 1 ppm) of test

material to the natural microorganisms in replicate river water samples.

Changes in the level of test material are monitored as 2 function of
time by analyzing samples 2t selected intervals. The river water

supply (approximately six callons) is obtained from either the Meramec

o Mississippi Rivers. After settiing for two days, the supernatant
is transferred to a five-gallon carboy and 200 m] portions withdrawn
and added to 16 ounce screw-cap bottles. Four ul portions of an
ethanol solution of the test material (50 ug/ul) are injected into
each bottle. each bottle is sealed with a foil-linad cap, mixed by
swirling and stored in the dark at ambient temperature. Sterile
water controls are inciuded to verify that a2 decrease in the initial
level is due to bicdegradation and not some physical or chemical
phenomena., A set of river water and sterile water samples are also

prepared with 4 ppm LAS and monitored for LAS concentration to provide
a c¢ontrol measure of biological activity. At esach sampling point, the

total contents of a river water and the corresponding sterile river

water bottle are analyzsd for test material. The duration of the test

is generally six weeks., The result may be expressad as a2 half-1ife =
days reguired for the initisl level to decrease by 50 percent.
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ANALYTICAL METHODS FOR MONITORING PRIMARY BICDEGRADATIOHN

Both SCAS and RDA samples for the phthalic acid diesters, adipic acid diesters,
Santicizer 79THM and 2-ethylhexanol were extracted with hexane and prepared
for analysis using the procedures ocutlined in Analytica] Chemistry Method
“Mo. 71-18. Analyses were carried out by either flame icnization gas chroma-
tography or ultraviolet spectrophotometry. SCAS and RDA data Tor monobutyl
phthalate and o-phthalic acid were obtainad by direct analysis of the aqueous
phase using ultraviolet spectrophotometry. Recoveries chtained from spiking
and analysis of blank SCAS mixed liquor samples are tabulated with the
appropriate analytical methed reference in Table |.

BIODEGRADATION TEST RESULTS

Ultimate and primary biodegradstion test results for the plasticizers and
metabolites are listed in Tabie 1. In Figures 1 and 2, COz evolution curves
are plotted as a function of time. Additicmal details on the phthalic

acid ester and-metaboiite biodegradation-mayzbe found in the attached—==
reprint, Appl Environ. Microbiol. 31, 29(1976).

ss
Attachments{3)

Monsanto Industrial Chemicals Co.
Applied Sciences '
St. Louis, Mo.

2/76 - G. Hicks, R. G. Kaley, V. W. Saeger, J. P. Mieure
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PRIMARY AND ULT

TABLE | 7
MATE BIODEGRADARIL | TY OF PLASTICIZERS AMD RELATED METABOLITES

Ultimate
Bluodegradability
(% of Theoretical
C0z Evolution)

Primary Biodegradability

Seml-Contlnuous Ackivate

Sludge {5CAS)

River Die-Away (RDA)

SCA3S and RDA
Analytical Hethod

Thowpson Mohsanto Addition Primary % Days
~Buthie Shake Rate Degrada- Req'd for 50% % Pecovery
Structure/ ~Stum Flask {ppm added tion Rate Initial Primary De- (Mlxed Liquor | Mathod
Test Matorisl Compasition procedure | procedure per cycle) +95% C.L. Comments Conc(ppm) | gradation Extraction) No.
Ho significant
volatility Toss
for any ester.
+, +, and /-
indicate moderate,
strong, and vari-
able inhibition-of]
sludge qrowth rate
respoctively,
MGER ¢ocny 3 934 6
1 Zar
(Butyibanzyl @[Hm'ﬂ a6 {27-day) 1 2 105.7 + 3.8 | AC-71-M-31
phthalate) w 9 134 > 09 For more devail
' see AC-73-55-20 AC~F2-t-k
O~ 753 ]
M§ﬂntizizgr m C-0C Hy 3. | B2+ 1
[oilhentyt, 00 H 7 THETYR 1 > 35 100.7 + 3.3 | AC-71-M~15
rnenyl, undecyl) o N En 85 (27-day) 13 sho+ 7 For morte detall
phthalaga] ,10 r see AC-73-85-20 AG- 721
0=
ARA-T T~ SHO [}
?an[ldzer 816 C‘:OCL,HQ 3 > 99
Burylglycolyl @ 13 > 39 i T2-u-
_ butyl pztha;ata) [::\[lC.Hag,Uang &7 > 39 1 ] 79.0 + 2.4 | AC-72-11=h
o o 134 > 99 For moere detail
see AG-73-55-20
' 4075%:4?957;1-5“/ cfgc H 3 45 o+ 11
Ehthalate (pue) @[ 1123 - ! 24 83.9 + 6.h | AC-72-m-i
C;DCHHZE 13 29 + 7 For more detall
. ) see AC-73-55-20




TAELE | @
PRIMARY AND ULT]MATE SIODEGRADABILIT‘( OF PLAST{CIZERS /D RELATED METABOLITES

Ultimate
Biodegradability Primary Blodegradability
(% of Theoretical SCAS and RDA
€O Evolution) Seml-Contlnucus Activated Sludge (5CAS) River Die-fuway (RDQ) Analytical Method
Thompsan ‘onsante Addition Primary % Days
~Duthle Shake RBate Bocrada- Req'd for 50% % Recovery
Structure/ —-Stura Flask {ppm added tion Rate Injtial Primary De- (Mixed Liquor | Method
Test Material Compos i tlon procedure | procedure per cyclae) 95% C.L. Lonments Conc {ppm) gradatlon Extraction) Ho.
No significant
volatt ]ty loss
for any ester.
+, ++, and +/-
indicate moderate,
streng, and varl-
able inhibition of
sTudge growth rale,
respackively.
M- G Yl i
D|I§§~?L:/!hzyn @C'D-CHZIC”MHE’ ’ oL ] 24 89.9 + 6.5 | ac-72-n-b
1thalate 9 +6, =72-M-
£ £-0- CHoCH-C i +
DEHP, [OF] 2% Hr'l. S 3 7853 |For mare dotail
25 I s%e AC-73-3S-20
Hono(? ELhy?Kg @7(27‘@7)
eyl ) Dhthalat @: C-OH
{f['v EU\YIhDny -UCh C}I Cl’H 859(35_(13” . B
\__g_cw! ph halate] *a CH,
AT~ 5’ L0
Harabuty | 4"!# £ZoK ("‘”{ta
pathalate . @ o0t H 3 : 67 » 99 100.0 + 1.4 AC-73~k-729
#Bueyl acid . 4y
phlhalete)
mee
/’Z?P-hfh{:: ‘cf?\i‘?d Cfgﬂcﬁ n!é o‘f ’ 33 > 99 12.5 11
oy @ 67 > a3 | 15 93.0 + 4.0 | AC-T1-k-30
d25y7 c-0n 167 > 939 |For mere detail 50 19
@ N sae AC-73-55-20
i3 -7 7 5
2-Ethylhesing Crig (CH) 301 CHa0H 3 > 9z
P
IEETA Caflg 13 > 98 For more detall - | 79t 6.6 [ AC-73-M-16
5 QP?-5‘7X h‘— see AC-73-55-13
[ s




TABLE !

PRIMARY AND ULTIMATE BIODEGRADABILITY OF PLASTICIZERS AND RELATED METABOLITES

Ultimate
Biodegradability
(% of Theoretical
€0y Evolution)

Primary Biodegradability

Sem!-Contin

ous Activated

Sludge {56A3)

River Die-Away (RDA)

SCAS and RDA
Analytical Method

Thompson Honsanto Addition Primary % Days
B -Duthie Shake Rate Degrada- Req’'d for 50% % Recovery
Strucrure/ ~Sturm Flask (ppm added tion Rote tnitial Primary De- (Mixed Liquor | Method
Test Material Compositien procedure | procedure per _cycle) 295% C.L. Commcn ts Conc (ppm) gradation Extraction) No.
No significant
volatility loss
for any ester.
+, +, and +/-
indicate modarate,
strong, and vari-
able inhibition of
sludge growth rate
rospectively.
W77 5o 7
Santicizer 97A 0 = C{CHp}uC = 0 [90{35-day) { 82(35-day) 3 67 + 1h
| [ 88,6 + 4.3 AC-72-M-15
0 0 79(35-day) 13 88 + 5 For more detal!l
Cn”anlanZn*] see AC-72-S5-11
n =7 (h5%)
n =9 (55%)
AN P~ A
Di(Z-gthylhe'fyl) 0 = €{CHz}C =0 [94(35-day) | B2(35-day) 3 92 £ k
adipate [poA] | | . 91.0 + 4.5 AC-72-K-15
. s 0 0 13 B8 |+
crR 300 hy  CHy
CoHg-CH CH-CoH for more detail
Tytlg  Caitg sce AC-72-55-11
AbTT-
Bi-n-hex 15’47 0 = C(CHy)y € = 0]90(35-day) | B1(35-day) 3 > 93
adipate FpHA] 0 0 83.6 + 3.7 AC-72-4~15
a-C Hyq n-C.H 13 95 + 3 Fot more detail
2 Hy ;,La'z,t R see AC-72-55-11
CP /a3




TABLE ! ) @
PRIMARY AND ULTIMATE BIODEGRADABILITY OF PLASTICIZERS AND RELATED METARGLITES
Ultimate
Biodegradabibity Primary Biodegradabflicy
(% of Theoretical 5CAS and RDA
L0, Evolution) Semi-ContTnugus Actlvated Sludge (SCAS) River Die-Away (RDA) Analytical Method
Thonpson Monsanto Addition Primary % Bays
-Duthie Shake Rate Degrada- Req'd for 50% % Recovery
Struccere/ =Sturm Flask {ppm zdded tion Rate Initial Primary De~ (Mixed Llguor | Method
Tast Material Composition procedure | progedure er cycle) 496% C.L. Comments Conc {ppm) gradation Extraction) Ho.
No significant
volaillity loss
for any ester.
+, ++, and 4/-
indicate moderatce,
strong, and vari-
able inhibition off
sludge growth rale]
] raspectively.
FP-Tr=EED 0 :
Santicizar 79 TH €06 K, L 3 26 + 13
Tri (hepeyl, nonyl) DQC@ c—aan n
Lrimellitato [ n 2+l 13 25 +10 73.5+ 1 AC-72-M-14
[HEPEYI, nohyl 0 For more detail
ester of 1,2,5-| ¢ H2 + see AC-T2-55~10
benzene tricar- moen
bexylic acid] n =7 (45%)
- - n =9 (55%)
T i Y
santicizer 3348 JIRC-0]2(~0CCH,CHa01]
{1,3-Butylenc H . 6 - tHy
glveol adipic  |[-L-{CHa)y-C-1 | |88(35-day) | 78(35-day} i i . o’
acid polysstar " won R CAO-R -0 Do !,}’ A
- terminat 0 Y - i Y Ay
migated by for mora detail see -
fatt . = 71955~
atty aclds) R = )iy (h) AL-7h955-8 I3
[y3Hp7 (45-55%)
CicHap (35-45%)
C|7H35(705§)
MW = 1700-2200
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N . _The znclosed report summarizes our bicdegradation testing to date for a”JL/
‘T’ " the product group or chemical type indicated. A combrehensive report Ceen V",

' of this type will be issued on an znnual basis. As vyou are aware, LA
many of our bicdegradation tests reqguire several months o complete. ﬁ“x 7
. To keep each group ieader informed on future Interim test results, . rajﬂf r
. an updated copy of the Biodegradation Testing Work Request Torm Cu*?f

(sample enclosed) will be feturned to him monthly. To facilitate
this reporting format, 2 rzouest form must be completed when testing
is Initiated on 2 product. ' Utiiization of this Torm will not only
provide Applied Sciences with the necessary information Tor propear
test selection, but will aiso be a rapid vehicle for communicating

results,
77 {:
- V. VW. Saeger
]
ss

Enclosures(2)

IR Y BREN, OBSTR



