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STUDY SUMMARY 

The primary objective of this study was to evaluate the biodegradability of the test substance, 
NOVAPLUS System (Fluido Novaplus SBM com Novawet II), in natural seawater at an initial 
test concentration of 5 mg/L, following OECD guideline 306.  The test substance was exposed to 
the seawater inoculum under aerobic conditions for 18 days at approximately 20°C.  The 
seawater was obtained from Gulf Specimen Marine Laboratory, Panacea, Florida.  A reference 
substance treatment containing readily biodegradable sodium benzoate at a nominal 
concentration of 5 mg/L was concurrently tested to verify the viability of the microbial 
inoculum.  A control treatment containing no test or reference substance was concurrently tested 
to measure the oxygen uptake caused by endogenous microbial respiration.  Two BOD bottles 
from each treatment of 10 bottles were randomly removed after 0, 7, 14, and 18 days of 
incubation at 20°C and were measured for dissolved oxygen concentration and for pH on Days 0 
and 18 (2 bottles for each treatment were not used). 

Chemical oxygen demand (COD) was measured by the UV/VIS method.  Five replicate samples 
of the test substance were prepared for the UV/VIS determination by weighing 1.5752, 1.0852, 
1.0383, 1.2971, and 0.8264 mg of test substance, respectively, on cover slips and depositing the 
cover slips into Bioscience accu-TEST™ Standard Range COD vials with 2.5 mL of reagent 
water.  The mean COD of the five replicates was 1.45 mg O2/mg. 

Biochemical oxygen demand (BOD) was calculated from the concentration of dissolved oxygen 
consumed in the test or reference substance bottles (mg O2/L), corrected for that in the control, 
expressed as a fraction of the nominal testing concentration.  BOD for the test substance reached 
a maximum of 1.21 mg O2/mg of test substance on Day 7.  BOD for the reference substance 
reached a maximum of 1.52 mg O2/mg of reference substance on Day 7. 

Percent degradation was calculated by expressing BOD as a percent of theoretical oxygen 
demand (ThOD) or chemical oxygen demand (COD).  The COD for the test substance was 
determined to be 1.45 mg O2/mg.  The percent degradation for the test substance treatment on 
Days 7, 14, and 18 was 83.0, 79.6, and 69.8%, respectively.  The test was terminated on Day 18 
due to >60% biodegradation of the test substance on Day 7 and remaining above this level at 
Days 14 and 18.  Since biodegradation of was greater than 60%, the test results indicate that 
NOVAPLUS System (Fluido Novaplus SBM com Novawet II) has the potential for 
biodegradation in a marine environment according to OECD Guideline 306.  The ThOD for the 
reference substance was 1.67 mg O2/mg.  The percent degradation for the reference substance 
reached 91.1% by Day 7, verifying that the seawater inoculum was viable and active. 

Bacterial plate count analyses indicated that the test substance was not toxic to the seawater 
inoculum at the testing concentration (5 mg/L). 
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1.0 INTRODUCTION 

The purpose of this study was to evaluate the aerobic biodegradability of NOVAPLUS System 
(Fluido Novaplus SBM com Novawet II) in natural seawater containing mineral salts.  The study 
was conducted as described in the ABC study protocol and alterations (two amendments and a 
deviation) entitled “NOVAPLUS System (Fluido Novaplus SBM com Novawet II):  
Determination of the Biodegradability in Seawater Using the Closed Bottle Test Method” 
(Appendix A), which was patterned after the Organization for Economic Cooperation and 
Development (OECD), Guideline for Testing of Chemicals, Method 306 (1). 

2.0 MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Test Substance 

ABC Laboratories received a sample of the test substance, NOVAPLUS System, from 
M-I SWACO on January 18, 2008.  The test substance was stored at room temperature.  The 
following information pertains to the test substance. 

Test Substance Name: NOVAPLUS System 
Portuguese Name: Fluido Novaplus SBM com Novawet II 
CAS Number: Not Applicable (Mixture) 
Lot Number: Not Given 
Expiration Date: Not Given 
Appearance: Grey to Brown Liquid 
Purity: Tested as 100% 
Composition: 

Product Concentration 
NOVAPLUS B 167.13 lbs/bbl 

Calcium Chloride 33.6 lbs/bbl 
HYDRATED LIME 6.0 lbs/bbl 

NOVAMUL 6.0 lbs/bbl 
NOVAWET II 2.0 lbs/bbl 
VG SUPREME 1.5 lbs/bbl 

M-I BR CLAYPLUS 5.0 lbs/bbl 
HRP 0.5 lbs/bbl 

WATER 87.36 lbs/bbl 
ECOTROL RD 1.0 lbs/bbl 

Calcium Carbonate 2-44 15.0 lbs/bbl 
BARITE 73.9 lbs/bbl 

Note:  lbs/bbl = pounds per barrel 
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2.1.2 Reference Substance 

A sample of the reference substance, sodium benzoate, was received from Fisher Scientific on 
April 05, 2005. The reference substance was stored at room temperature.  The following 
information pertains to the reference substance. 

CAS Number: 532-32-1 
Molecular Formula: C7H5O2Na 
Molecular Weight: 144.11 g/mol 
Lot Number: 041447 
Chemical Purity: 100.4% 
Expiration Date: None Given 
Appearance: White Powder 
Water Solubility: soluble  

2.1.3 Reagent Water 

Reagent water was purified, deionized, and filtered using a Millipore Milli-Q Water Purification 
System or a Labconco Water Pro PS unit. 

2.1.4 Test Inoculum 

The microbial inoculum used in this test was seawater collected by Gulf Specimen Marine 
Laboratory in Panacea, Florida, on January 23, 2008.  Gulf Specimen provided approximately 
20 L of seawater from Dickerson Bay and recorded the temperature of the seawater before 
shipment as 12°C.  A data logger was included in the package with the seawater to continuously 
monitor the temperature during shipment.  The seawater was transferred to a carboy and was 
stirred and aerated in an environmental chamber at 20°C until preparation of the test medium. 

2.1.5 Test Medium 

On January 29, 2008, concentrated mineral salts stock solutions were added to the seawater to 
provide essential mineral nutrients and trace elements necessary to sustain the seawater inoculum 
throughout the test period.  The test medium was stirred and aerated in an environmental 
chamber at 20°C for one day until initiation of the test.  Prior to test initiation, the test medium 
dissolved oxygen concentration and pH were measured to be 8.72 mg O2/L and 7.82, 
respectively. 

2.1.6 Test Vessels 

Clean, 300-mL BOD bottles with glass stoppers were used for this test.   

2.2 Methods 

2.2.1 Preparation of Reference Substance Stock Solutions 

A 1.00-mg/mL stock solution of the reference substance was prepared by weighing 500.7 mg of 
sodium benzoate to a 500-mL class A volumetric flask and diluting to volume with reagent 
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water.  This stock solution was refrigerated when not in use.  This solution was used in the 
determination of chemical oxygen demand of the test substance. 

A 1.00-mg/mL stock solution of the reference substance was prepared by weighing 500.9 mg of 
sodium benzoate to a 500-mL class A volumetric flask and diluting to volume with reagent 
water.  This solution was used on the day of preparation in the biodegradation testing. 

2.2.2 Determination of Chemical Oxygen Demand 

Since the test substance composition was unknown, the theoretical oxygen demand could not be 
calculated.  Thus, the chemical oxygen demand (COD) was measured by the closed reflux, 
colorimetric method described in Standard Methods for the Examination of Water and 
Wastewater (2). 

The test substance was mixed for 15 minutes using an electric drill and small blade mixing 
propeller before being dosed directly to the COD vials.  Five replicate samples of the test 
substance were prepared for the closed reflux reaction by weighing 1.5752, 1.0852, 1.0383, 
1.2971, 0.8264 mg of test substance onto cover slips and depositing the cover slips into 
Bioscience accu-TEST™ Standard Range COD vials with 2.5 mL of reagent water.   

Two blank samples were prepared by adding 2.5 mL of reagent water to Bioscience 
accu-TEST™ Standard Range COD vials.  One of the blank samples was digested on the COD 
reactor, and the second was kept at ambient temperature as an undigested blank. 

A 1.06-mg/mL stock solution of potassium hydrogen phthalate (KHP) was prepared by weighing 
105.8 mg of KHP into a 100-mL Class A volumetric flask and diluting to volume with reagent 
water.  Since the COD of KHP is 1.176 mg O2/mg, the COD of the 1.06-mg/mL stock solution 
was 1.25 mg O2/mL.  Samples of the standard were prepared for the closed reflux reaction by 
adding 0.10, 0.30, 0.70, 1.0, 1.4, and 1.8 mL of the 1.06-mg/mL KHP stock solution and 2.4, 2.2, 
1.8, 1.5, 1.1, and 0.70 mL of reagent water, respectively, to Bioscience accu-TEST™ Standard 
Range COD vials.  The calculated COD of the standards were 0.125, 0.375, 0.875, 1.25, 1.75, 
and 2.25 mg O2. 

Quality control samples were prepared to verify the analysis.  Triplicate reference samples were 
prepared for the closed reflux reaction by adding 1.0 mL of the 1.00-mg/mL sodium benzoate 
stock solution and 1.5 mL of reagent water to Bioscience accu-TEST™ Standard Range COD 
vials.  The theoretical oxygen demand (ThOD) of the quality control samples was 
1.67 mg O2/mg. 

The prepared COD samples were shaken and placed on a Bioscience COD reactor for two hours 
at approximately 150°C.  The samples were allowed to cool to ambient temperature, and then the 
absorbances were measured at 600 nm on a Genesys 20 Spectrophotometer.  The absorbance was 
initially zeroed using the undigested blank.  The absorbance of all other samples was measured 
in comparison to the undigested blank.  Sample COD (mg O2/mg) values were calculated by 
interpolation of sample absorbance with linear regression of the standards' absorbance versus 
COD (mg O2). 
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2.2.3 Preparation of the Bulk Testing Solutions 

Bulk testing solutions for the control and test treatment were prepared by adding 3,980 mL of 
test medium to each of two 5-L Nalgene carboys containing 20 mL of reagent water, bringing the 
total volume to 4,000 mL.  The reference substance treatment was dosed at a nominal 
concentration of 5 mg/L by adding 20 mL of the 1.00-mg/mL reference substance stock solution 
and 3,980 mL to a 5-L Nalgene carboy to bring the total volume to 4,000 mL.  The prepared bulk 
solutions were stirred using Teflon-coated magnetic stir bars and insulated magnetic stir plates. 

2.2.4 Preparation and Incubation of the BOD Bottles 

Immediately prior to use, the test substance was mixed for 15 minutes using an electric drill and 
small blade mixing propeller.  Approximately 1.5-mg aliquots of the test substance were 
weighed onto coverslips, which were then placed into the test BOD bottles.  Coverslips with no 
test substance were added to the control and reference BOD bottles. 

Each bulk testing solution was transferred into ten BOD bottles by draining from the 
corresponding 5-L Nalgene carboy through the spigot.  All BOD bottles were sealed with glass 
stoppers, leaving no headspace of air and labeled with study number, treatment, replicate 
number, date of initiation, and initials (Study Director’s and preparer’s). 

The ten BOD bottles within each treatment were randomly designated for sampling in duplicate 
utilizing a random number table.  Two bottles randomly designated for Day 0 analysis were 
removed from each of the treatment groups.  The remaining bottles were placed on an orbital 
shaker in an environmental chamber set at 20°C and maintained in darkness under a black cloth.  
Temperature in the environmental chamber was continuously measured. 

2.2.5 Dissolved Oxygen and pH Measurements 

Dissolved oxygen concentrations were measured using a WTW Oxi 330i or a YSI Model 58 
dissolved oxygen meter.  This dissolved oxygen probe is sensitive enough to measure dissolved 
oxygen values below 0.5 mg O2/L.  Test solution pH was measured using an Accumet model 
AR50 pH meter.  Dissolved oxygen was measured for the two replicates from each of the three 
treatments on Days 0, 7, 14, and 18.  pH measurements were taken at Day 0 and Day 18. 

2.2.6 Microbial Evaluation 

Bacterial plate counts were performed on the test medium and seawater at initiation and on one of 
the duplicate BOD bottles from each treatment at Day 18 and were patterned after methods 
described in Standard Methods for the Examination of Water and Wastewater (3).  The plates 
were incubated at 26 + 2°C for four to seven days before counting the number of colonies on 
plates with greater than 30, but fewer than 300 colonies.  The number of colonies at the dilution 
coming closest to 300 colonies was used to calculate colony forming units (CFU)/mL. 
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2.3 Calculations 

2.3.1 Calculation of Theoretical Oxygen Demand (ThOD) 

The theoretical oxygen demand was calculated for the reference substance based on their 
elemental composition using the following equations. 

For substances with no nitrogen or for substances with nitrogen and where nitrogen is not 
utilized through nitrification, 

(g/mol)Weight Molecular 
O] - Na  P  3S  3N)-Cl-(H  16[2C

 ThOD 2
1

2
5

2
1

NH3

++++
=  

The variables C, H, Cl, N, S, P, Na, and O are each element’s number of atoms in the molecule.  
The calculated ThOD was indicated in mg of oxygen per mg of substance. 

The reference substance, sodium benzoate, contains no nitrogen, and the ThODNH3 was 
1.67 mg O2/mg. 

2.3.2 Calculation of Chemical Oxygen Demand (COD) 

The COD of the sample (mg O2) was determined from the standard curve prepared from the 
KHP standards as shown in the equation below: 

Y = mX + b 

Where: 

 Y = Absorbance 
 m = the slope of the line from the calibration curve 
 X = sample COD (mg O2) 
 b = the Y-intercept of the calibration curve 

The sample COD (mg O2) was then divided by the sample amount to determine the amount of 
oxygen per amount of test substance.  Calculations were performed using Microsoft Office 
Excel 2003. 

2.3.3 Calculation of Biochemical Oxygen Demand (BOD) 

The BOD was calculated by the following equation: 
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BOD =  
DOT - DOB

CT
 

Where: 

DOT = mean DO uptake in the test or reference substance bottles (mg O2/L) 
DOB = mean DO uptake in the inoculum blank bottles (mg O2/L) 
CT = testing concentration for the test or reference substances (mg/L) 

The calculated BOD was indicated in mg of oxygen per mg of test substance. 

2.3.4 Calculation of Percent Degradation 

The percent degradation based on ThOD or COD was calculated by the following equation: 

Percent Degradation =  
BOD

ThOD or COD
  100%×  

Where: 

COD = 1.45 mg O2/mg for the test substance treatment, or 
ThOD = 1.67 mg O2/mg for the reference substance treatment 

3.0 RESULTS AND DISCUSSION 

3.1 Test Water 

The seawater sample was collected at the surface of a coastal area known as Dickerson Bay.  The 
minimum and maximum recorded temperature of the seawater during shipment was 10.6 and 
20.5°C, respectively.  Upon arrival at ABC Laboratories on January 24, 2008, the salinity of the 
seawater was measured as 29.0 parts per thousand (ppt).  The seawater was pretreated by 
sedimentation and decanting.   

3.2 Ingredients of the Test Medium 

Mineral salts stock solutions were added to the seawater to provide essential mineral nutrients 
and trace elements necessary to sustain the seawater inoculum throughout the test period.  The 
test medium was prepared using 1 mL of each of the solutions shown in Table 1 per liter of 
seawater.  The test medium was stirred and aerated in an environmental chamber at 
approximately 20°C until initiation of the test. 

3.3 Chemical Oxygen Demand of the Test Substance 

The mean COD of the test substance was determined to be 1.45 mg O2/mg (Table 2).  The 
correlation of the standard curve was 0.9997.  The mean COD of the reference sample was 
calculated to be 1.67 mg O2/mg, which is equivalent to the ThOD. 
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3.4 Endogenous Oxygen Respiration in the Control Treatment 

Dissolved oxygen (DO) concentrations in the control BOD bottles decreased from a mean of 
8.09 mg O2/L on Day 0 to a mean of 5.87 mg O2/L on Day 18 (Table 3).  The purpose of the 
controls was to provide a measurement of the dissolved oxygen consumed due to endogenous 
respiration of the microbial inoculum.  As a percent of the initial measured dissolved oxygen 
concentration, 8.09 mg O2/L, the total oxygen consumed was a maximum of 27% (difference of 
dissolved oxygen values on Days 0 and 18 divided by dissolved oxygen value at Day 0 for the 
control treatment).  This value was within the recommendation stated in the guideline (1) that the 
oxygen consumed by the control should not exceed 30% of the initial concentration.   

3.5 Biodegradation of the Reference Substance 

The reference substance achieved 91.1% biodegradation by Day 7 of the test (Table 4, Figure 1 
and Figure 2).  Based on this result, the reference substance met the acceptability criteria defined 
in the protocol (>60% biodegradation within 10 days) and confirmed that the microbial inoculum 
was viable and active.   

3.6 Biodegradation of the Test Substance 

The test substance, NOVAPLUS System, reached a maximum biodegradation of 83.0% on 
Day 7 of the study.  Since biodegradation of NOVAPLUS System was greater than 60%, the test 
results are positive for biodegradation in a marine environment according to OECD Guideline 
306 (1).  It was noted that the DO at Day 18 for one replicate was higher than other replicates at 
Day 14 and 18 (1.30 mg O2/L versus <0.25 mg O2/L).  Since this value would also correspond to 
biodegradation of >60%, no further investigation was performed.  These results are shown in 
Table 4 and graphically in Figure 1 and Figure 2. 

3.7 Microbial Evaluation 

Bacterial plate-count results of 1.70 x 105 and 1.10 x 105 CFU/mL for the aerated seawater and 
the Day 0 test medium confirmed the microbial inoculum was viable and active at initiation of 
the study.  Bacterial plate counts on Day 18 (Table 5) indicate the microbial inoculum remained 
viable and active through the end of the test in each treatment.  Bacterial plate count results of 
the test substance treatment show that the test substance was not toxic to the microbial inoculum 
at the testing concentration (5 mg/L). 

3.8 Temperature 

The mean and standard deviation of the temperature measurements were 19.8 + 0.2°C from 
Day 0 to the end of the 18-day test.  The temperature of the environmental chamber ranged from 
19.3 to 20.6°C during this time.   

3.9 pH Measurements 

All pH values were in an acceptable range for biological systems (Table 6). 
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4.0 CONCLUSIONS 

The percent degradation for the test substance treatment on Days 7, 14, and 18 was 83.0, 79.6, 
and 69.8%, respectively.  The test was terminated on Day 18 due to >60% biodegradation of the 
test substance on Days 7 and 14.  Since biodegradation of was greater than 60%, the test results 
indicate that NOVAPLUS System (Fluido Novaplus SBM com Novawet II) has the potential to 
biodegrade in a marine environment according to OECD Guideline 306 (1).  The percent 
degradation of the reference substance, sodium benzoate, reached 91.1% on Day 7, meeting the 
test acceptability criteria.  The results from bacterial plate count analyses indicated that the test 
substance was not toxic to the seawater inoculum at the testing concentration of 5 mg/L. 

There were no difficulties encountered that would affect the integrity of the study. 
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Table 1. Ingredients of Mineral Salts Medium 

Solution   Compound  
Stock Solution  

Concentration (g/L) 
In Reagent Water 

A
1
  

KH2PO4 
K2HPO4 

Na2HPO4•7H2O 
NH4Cl 

 

8.47 
21.7 
50.3 

0.507 

B  CaCl2•2H2O  36.62 

C  MgSO4•7H2O  22.5 

D  FeCl3•6H2O 
Concentrated HCl  0.253 

1 drop 
1 pH of solution A was 7.41. 

The test medium was prepared using 1 mL of each of the above solutions per liter of seawater. 
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Table 2. Determination of Chemical Oxygen Demand 

Sample ID Rep. 
Measured 

Absorbance 
(λ = 600 nm) 

COD 
(mg O2) 

Sample 
Amount 
Added1 

Conc. Of 
Sample 
Added 

(mg/mL)  

Sample 
COD 

(mg O2/mg) 

 1 0.264 1.669 1.00 1.00  

Sodium Benzoate 2 0.264 1.669 1.00 1.00  

(Quality Control) 3 0.264 1.669 1.00 1.00  

 Mean  1.669 1.00 1.00 1.672 

       

1 0.356 2.254 1.5752 --- 1.43 

2 0.254 1.605 1.0852 --- 1.48 

3 0.238 1.504 1.0383 --- 1.45 

4 0.292 1.847 1.2971 --- 1.42 

NOVAPLUS 
System 

5 0.194 1.224 0.8264 --- 1.48 

     Mean: 1.45 

     STDEV: 0.03 

     CV: 2 % 
 
Values calculated using un-rounded numbers.   
COD (mg O2) = (Measured Absorbance – Y-intercept) / slope  

y-intercept = 1.50 x 10-3 
Slope = 0.1573 
r2 = 0.9997 

Sample COD (mg O2/mg) = COD / Sample Amount (mg) 
1  Reference (Sodium Benzoate) added by volume (mL).  Test substance (NOVAPLUS System) added by 

weight (mg). 
2     COD of quality control represents 100% of the ThOD, 1.67 mg O2/mg. 
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Table 3. Endogenous Oxygen Respiration in the Control Treatment 

Dissolved Oxygen (mg O2/L) Sampling 
Day 

Replicate 1 Replicate 2 Mean 

Mean Oxygen Uptake 
(mg O2/L) 

0 8.06 8.12 8.09 --- 

7 7.01 7.00 7.01 1.08 

14 6.33 5.73 6.03 2.06 

18 5.83 5.91 5.87 2.22 

 
Note: Intermediate values are not rounded. 
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Table 4. Biodegradation of Reference and Test Substances 

Dissolved Oxygen 
(mg O2/L) 

Mean Oxygen 
Uptake 

(mg O2/L) 

BOD 
(mg O2/mg) 

Percent 
Degradation  Day Rep 

Reference Test Reference Test Reference Test Reference Test 

0 
1 
2 

Mean 

8.82 
8.83 
8.83 

8.19 
8.12 
8.16 

--- --- --- --- --- --- 

7 
1 
2 

Mean 

0.13 
0.15 
0.14 

0.90 
1.06 
0.98 

8.69 7.18 1.52 1.21 91.1 83.0 

14 
1 
2 

Mean 

0.12 
0.10 
0.11 

0.11 
0.24 
0.18 

8.72 7.98 1.33 1.16 79.8 79.6 

18 
1 
2 

Mean 

0.11 
0.10 
0.11 

1.30 
0.13 
0.72 

8.72 7.44 1.30 1.01 77.8 69.8 

 
Note: Intermediate values are not rounded. 
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Table 5. Bacterial Plate Count Results 

Test Medium at Initiation 
(CFU/mL) 

Control at Day 18 
(CFU/mL) 

Reference at Day 18 
(CFU/mL) 

Test at Day 18 
(CFU/mL) 

1.10 x 105 3.4 x 104 8.5 x 104 3.3 x 104 

 
Note:  Plates at initiation incubated for seven days, while the plates at Day 18 were incubated for 
four days. 

 



  ABC Study No. 63454 

Page 22 of 43 

Table 6. pH Measurements 

  Treatment Group 

Day Replicate Control 
Reference 
Substance 

Test 
Substance 

0 1 
2 

7.72 
7.87 

7.92 
7.90 

7.96 
7.98 

18 1 
2 

7.62 
7.64 

7.27 
7.26 

7.43 
7.38 
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Figure 1. Oxygen Uptake vs. Time for the Control, Test Substance, and Reference 
Substance Treatments 
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Figure 2. Percent Degradation vs. Time for the Test and Reference Substances 
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APPENDIX A – PROTOCOL AND ALTERATIONS 
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