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Introduction

The following report outlines the assessment of water treatment using the Thermal Disinfection
Sterilization System (TDSS), developed by Pontic Technology LLC.. Pontic Technology, is a
technology research and development company, with a multidisciplinary group of scientists,
engineers, and technologists from NASA'’s Jet Propulsion Laboratory (JPL) in Pasadena,
California. The TDSS was developed to provide high-volume, continuous flow germ-free/sterile
water at a competitively low operating cost, for use in various applications, including Ballast
water cleanup. The principal aim of this testing was to evaluate the efficacy of the TDSS in
treating ambient source water for the neutralization of two of the regulated organism size
classes, namely >50 um (zooplankton) and =210 ym and <50 um (phytoplankton), in the IMO
and USCG ballast water discharge standards. Testing of the TDSS also aimed to assess the
impact of various temperature set points on treatment effectiveness. By means of rigorous
sampling, enumeration, and analysis, the testing sought to provide valuable insights into the
performance of the TDSS, paving the way for informed decision-making regarding the scalability
of technology and treatment strategies.

Methods

Testing occurred on site at the California State University Maritime Academy in Vallejo,
California. Ambient source water from the Carquinez Strait was pumped into totes and
enumerated for the two major organism size classes (>50 um (i.e., zooplankton) and organisms
210 ym and <50 um (i.e., phytoplankton)). Water quality parameters (Total Suspended Solids,
Salinity, Temperature, pH) were also measured prior to testing. The source water was treated
using the TDSS, with the treated water being enumerated again for the two organism classes.
Testing occurred in triplicate treatments at five (5) different temperature set points: 45°C, 55°C,
65°C, 75°C, and 85°C.

At each temperature, three 37.8 L (10 gallon) samples were analyzed immediately after
treatment (“time zero”) by the TDSS. To test for a delayed treatment response, an additional
37.8 L of treated water was collected at each temperature and held for 24 hours prior to
enumeration of the organisms. The 24-hour samples were analyzed in conjunction with an
untreated control sample to determine if any measured treatment effect was due to natural
mortality of the organisms over time due to storage conditions.

For all replicates, the entire 37.8 L sample was concentrated through a 35-micron plankton net.
The entire contents of the cod end were enumerated for the >50 um size class using a stereo
dissecting scope. An additional 1 L subsample was taken for enumeration of the 210 um and
<50 um organisms size class. Samples were stained with fluorescein diacetate (FDA) and
placed in a covered 1 mL Sedgewick-Rafter counting chamber and examined in entirety with an
epifluorescence microscope.

During testing, the TDSS was maintained at a flow rate of 1 L/min at 65°C, 75°C, and 85°C, but
was increased to 2.0-2.3 L/min for 45°C and 55°C to avoid over heating the water and missing
the target temperature.
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Results

Water Quality

The chemical and physical conditions of the source water used for all tests are shown in Table
1. Given the time of year the testing occurred, the effects snow melt entering the upper San
Francisco Estuary watershed caused the ambient water to be slightly brackish, fluctuating
between ~2.5 — 4.9 ppt. The other measured parameters remained stable during testing.

Table 1. Water Quality of Ambient Source Water

Source Water Conditions
Test Salinity Temp TSS
(ppt) PH (°C) (mg/L)
45°C 2.53 8.14 17.9 39.6
55°C 3.58 8.07 17.8 32.5
65°C 4.89 8.02 17.5 45.2
75°C 4.40 8.06 17.9 44.6
85°C 3.66 8.16 17.6 31.8

ppt: parts per thousand; TSS=Total Suspended Solids; mg/L: milligrams per liter

Organism Reductions — Time Zero

Samples analyzed directly after treatment (time zero) showed significant (>5%) treatment
affects to both size class of organisms (Figure 1). For organisms >50 um, all temperatures
showed a mortality of 299.25%. Organisms 210 um and <50 ym also showed a negative

survival rate, especially as temperatures increased.
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Figure 1. Percent Mortality by Temperature at Time Zero
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Table 2. Time Zero Results Table

Live Organisms Live Organisms
Temperature 250 um 210 and <50 um
(°Q) " "
verage verage
1 2 3 (£ 5D) 1 2 3 (£ SD)
Loguo 2.68 2.98* 2.68 2.78 £0.17 0.64 0.51 0.42 0.52 £ 0.11

45 Removal
% Reduction | 99.79 100.00 99.79 99.86 £ 0.12 7697 69.09 61.82 69.29 £ 7.58

Logio
55 Removal

% Reduction | 98.74  99.12  99.89 99.25 + 0.59 91.58 94.74 99.12 95.15 £3.79

1.90 2.06 2.96 2.31+0.57 1.07 1.28 2.06 1.47 £ 0.52

Logm
65 Removal

% Reduction | 99.71 99.93  99.93 99.85 +0.13 7292 95.00 98.33 88.75 £ 13.81

2.53 3.13 3.13 2.93+0.35 0.57 1.30 1.78 1.22 £0.61

Logo
75 Removal

% Reduction | 100.00 100.00 99.95 99.98 * 0.03 98.47 98.47 98.06 98.33 £0.24

3.32* 3.32%* 3.32 3.32+£0.00 1.82 1.82 1.71 1.78 £ 0.06

Logo
85 Removal

% Reduction | 99.85 100.00 100.00 99.95 + 0.09 99.86 99.17 97.22 98.75 £ 1.37

*Reporting Limit (1.0) used in Logio Removal equation; SD: Standard Deviation

2.81 3.51* 3.51* 3.28 £ 0.40 2.36 1.57 1.05 1.66 £ 0.66

Organism Reduction — 24 Hours

After 24 hours post treatment, all temperatures proved effective in treating the water for both
organism size classes (Table 3). For the >50 um size class organisms, all temperatures
achieved at least a 99% reduction from the initial concentration. Control samples also exhibited
(expected) further mortality, but it was significantly less than the treatment. For organisms 210
pum and <50 ym, even the lowest temperature (45°C) had a 98.7% reduction, compared to the
time zero sample which had a reduction of 69.3%. Control samples of the 210 ym and <50 ym
organisms showed an increase in numbers in four out of the five tests.

Table 3. 24 Hr. Post Treatment Raw Counts

Live Organisms 250 um Live Organisms 210 and <50 um
Treat Control Treat Control
Temp. Initial
(°C) | Initial, . % . % Live % Live %
Live, . Live, X /mL . .
Reduction Reduction /mL Reduction] /mL Reduction

45 3240 6 99.38 204 78.75 75 0.7 98.79 120 -118.00
55 2080 5 99.73 188 89.67 240 0.0 100.00 75 60.53
65 1360 3 99.78 275 79.78 80 0.7 99.18 140 -75.00
75 1820 1 99.95 437 78.99 190 1.0 99.58 102 57.50
85 960 0 100.00 581 82.07 55 0.0 100.00 95 -26.70

1 = Total live organisms in 37.8 L
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Conclusions

The results of the TDSS testing demonstrate that the application of heat and pressure is
effective at reducing organism concentrations in naturally occurring brackish waters. The results
at the time of treatment (i.e., “time-zero”) showed an effectiveness at all tested temperatures for
the =50 um organisms, with the three highest temperatures (65°C, 75°C, 85°C) being most
effective for the 210 ym and <50 pym organism.

For all temperatures, the results of the 24 hr post treatment tests were within the IMO and
USCG ballast water discharge standard of <10 live organisms per mL for organisms 210 uym
and <50 ym. Because the 24 hr post treatment analyses were not the primary focus of this
testing, a single sample (n=1) was used for each temperature and corresponding control. Future
tests will need to involve more replicates to increase confidence in these results, but this
suggests an improvement in the effect of the heat treatment on organisms, especially
protists/phytoplankton, at lower temperatures when samples are held over time.

The TDSS appears to be an effective treatment system for the removal of naturally occurring
brackish water organisms. Further testing of a “scaled up” system that is capable of testing
volumes of water associated with ballast water capacities (metric tons rather than gallons) will
be necessary to increase confidence of the technology’s ability to meet regulatory discharge
standards.
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