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1.0 INTRODUCTION
1.1  Background

As environmental legislation becomes more stringent, the blue crab industry is being
challenged to develop technically and economically feasible methods to manage their liquid
and solid wastes. The blue crab industry is one of the largest seafood processing industries
in Virginia. More than 50 blue crab processing firms are presently certified by the Bureau
of Shelifish Sanitation, Virginia Health Department (Croonenberghs, 1991).

The industry is economically vital to many communities of the Chesapeake Bay and
its tributaries. In 1989, there was a total landing of 206.7 million pounds of blue crab in the
United States valued at 81 million dollars. The Chesapeake region produced 89 million
pounds of this total (U.S. Department of Commerce, 1990).

In the 1970’s, the United States Environmental Protection Agency (EPA) developed
documents which defined effluent limits for segments of the seafood processing industry.
The regulations were then adopted by the states. Compliance with these limits was obtained,
in most cases, with minor plant modifications that did not require large capital investments
and operating costs. During the last decade, citizen and environmental groups have
encouraged more stringent legislation in an effort to achieve a cleaner environment.
Individual states have established waste disposal standards that exceed current EPA
requirements.

The restoration of water quality in the Chesapeake Bay has become a goal of states
which border the Bay and its tributaries. In Virginia, the State Water Control Board
(SWCB) has initiated a vigorous program to remove pollutants from the Bay. As a result,
new standards for the disposal of liquid and solid wastes have been established. The new
standards, many of which substantially exceed previous standards, have resulted in: the loss
of public landfills; highly regulated waste transportation regulations; the inability of
municipal systems to accept industrial wastes; waste disposal surcharges; and perhaps most
importantly, new liquid effluent standards for discharge into receiving waters. Many blue
crab processors have reported serious waste disposal problems as they are unable to
consistently comply with their current allowable pollutant discharge limits.



Waste management is difficult for blue crab processing firms for several reasons. In
general, crab firms are less capitalized and do not have the economics of scale when
compared to some other seafood industries. Treatment systems with the ability to produce
the desired effluent quality may not be economically feasible. Chemical, biological and
physical treatment may be required to reduce the strength of processing plant effiuents
(Geiger et al., 1985; Wheaton et al., 1984). These treatment processes will be expensive
and require adequate planning to avoid unfavorable economic impact.

Secondly, the location of processing plants also creates problems. Most blue crab
processing facilities are located in rural areas on bodies of water. These facilities usually do
not have access to municipal waste treatment plants. Land application and lagoon treatment
are often not viable treatment options due to the high water table and wetland limitations.
Some larger crab plants are located in cities with access to municipal treatment systems.
However, these plants are often assessed substantial surcharges unless the concentration of
their waste is reduced. There is also a possibility that municipal treatment systems may be
forced to reject crab wastes due to the rapid population and industrial growth that is pushing
municipal waste treatment systems to maximum operating capacity. Furthermore, plants
located in metropolitan areas often lack the space needed for treatment systems. The plants
are usually tightly bordered by water, parking lots and/or neighboring industries.

Finally, in Virginia, because the SWCB is in a period of transition in implementing
new standards, different crab processing firms may be regulated on the basis of different
effluent constituents. This discrepancy can even appear in two adjacent crab plants. The
inconsistency of the regulations makes it difficult for the industry as a group to address its
waste disposal alternatives.

The blue crab processing industry faces serious solid and liquid waste disposal
problems. Approximately 14% of the live crab is used as food for human consumption, with
the remainder as by-products or waste (EPA, 1974). Consequently, processing firms will
need to develop in-plant programs that will include: water conservation and recovery
processes, improved by-product recovery systems and the development of industrial products
from wastes (including foods, feeds, or biologics). Solutions to the waste management

problems are essential for the future of many blue crab processing facilities. Some of the
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solutions will require the application of innovative technology, while others will result in
substantially increased production costs.

The achievement of such a goal presents substantial economic and technical obstacles
and may be one of the greatest challenges in the future.
1.2  Objectives

The objectives of this project were to characterize process wastewaters, identify ways
to reduce waste quantities and strengths, and determine viable waste treatment methods for

the blue crab processing industry.



2.0 LITERATURE REVIEW
2.1  Crab Processing and Waste Generation

The crab processing industry is the fourth largest among America’s fishing industries;
approximately one quarter of all crabs caught in the United States are taken from the
Chesapeake Bay region (Warner, 1977). This concentration of the industry translates to a
significant amount of regional economic activity. However, as with almost any industry of
this size, there are associated problems which must be addressed.

One of the problems, which has received increasing amounts of attention in recent
years, is the pollution associated with processing crabs. Currently, most processing plants
discharge their wastewaters directly to a surface water, such as a river or estuary. Poliutive
effects of the processing activities observed in receiving water bodies include odor problems,
increased oxygen demand, solids accumulation, and excess nutrient levels (EPA, 1930).
While the impact of odor problems is limited primarily to the aesthetic quality of the
receiving body, the last three problems have the potential to impact the supporting capacity
of the water.

Increases in the oxygen demand of a water body are the result of bacterial
decomposition of organics present in the wastewater, This increased demand can reduce the
dissolved oxygen content of the water which would otherwise be available to support various
forms of sealife.

The accumulation of solids on the bottom of the receiving water can lead to the
smothering of both plant and animal species which would normally contribute to the quality
of the water above. The introduction of screens and other solids recovery steps on most
processes has enabled the industry to minimize the discharge of solids and thereby decrease
the effects associated with such discharges. The presence of excessive levels of nutrients can
often have a negative impact on the receiving water’s quality. These effects can include the
development of ammonia toxicity problems, algal blooms, and increased NO, and NO, levels.

The susceptibility of aquatic animals to ammonia toxicity has been found in various
studies to be a function of species, as well as water salinity, pH, and temperature. These
effects can be seen in the data from three studies presented in Table 1 (Hazel et al,, 1971;
Diamond et al., 1993; Herbert and Shurben, 1965).
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Table 1. Aquatic species ammonia toxicity test data.

Species Water Type pH Tenp Unionized NH, Conc. '
A mg/L.
TLm LC50 NOEC
Bluegill! Fresh 8.0 20 - 1.02 0.29
Bluegill! Fresh 8.0 12 - 0.53 0.36
Bay Silverside! Fresh 8.0 20 . 1.13 0.78 H
Bay Sijverside! Fresh 8.0 12 - 0.73 0.23
Striped Basgs? Fresh 7.5 15 1.36 - -
Striped Bass? Brackish 7.5 15 1.36 - -
Striped Bass? $ea 8.0 15 0.97 - -
Striped Bass” Fresh 7.5 k) 0.92 - -
Striped Bass? Brackish 7.5 23 1.02 - -
Striped Bass? Sea 8.0 23 0.73 - -
Stickleback? Fresh 7.5 15 i.02 - -
Stickleback? Brackish 7.5 15 2.53 - -
Stickleback? Sea 8.0 15 5.05 -
Stickleback? Frech 1.5 23 0.87 - -
Stickieback? Brackish 15 23 1.17 - -
Stickleback? Sea 8.0 23 1.12 - -
Rainbow Trout? Fresh 7.5 13.6 0.55+ - -
Rainbow Trout? Rrackish 7.5 13.6 127 - - “
“ Rainbow Trout® Sea 7.5 13.6 071" - - H

TLm = 96 hr Mean Tolerance Limit LC50 = 50'% Mortality Conc.
NOEC = No Observed Effect Concemration
* = 24 hr TLm NH, Conc. {converted from total NH,CI-N Cone.)
1 = Hazel gt al., 1971; 2 = Diamond i al., 1993;
3 = Herbert and Shurben, 1965,



While toxicity can arise from both the ionized (NH,*) and the molecular unionized (NH,)

forms, research has identified the second of these as having the greater toxic effect. The
EPA has implemented a water quality criterion of 0.02 mg/l NH, (Thurston ¢t al., 1979).
2.2 Effluent Discharge Regulations

Point source discharges resulting from blue crab processing are governed by federal,
state and, occasionally, local regulations. Permits, that set limits on the quantity and quality
of the wastewater being discharged, are required. These limits are typically based on
maximum daily and/or average monthly concentrations and/or loadings. If wastewater is
discharged indirectly to a publicly owned treatment works (3POTW), the POTW may specify
wastewater quantity and quality conditions and apply surcharges on wastewater volumes,
rates and pollutant concentrations. Processing plants indirectly discharging to POTWs are
required to comply with the pretreatment standards set forth in the National Pretreatment
Program (40 CFR 403).

2.2.1  Federal Effluent Discharge Regulations

The Federal Water Pollution Control Act Amendments (FWPCA) of 1972, required
National Pollutant Discharge Elimination System (NPDES) permits for wastewater discharges
from most industrial categories including the "canned and preserved seafood processing™
industry. A national goal of "zero discharge” to navigable waters by 1985 was established in
the Act. Technology-based interim guidelines were set forth as a means of working toward
achievement of the zero discharge goal.

The first set of interim guidelines was based on the best practicable control
technology currently available (BPT), which went in effect in 1975 for blue crab processors.
A second, more stringent set of guidelines based on the best available technology
economically achievable (BAT) was to be implemented by July 1, 1983.

BAT standards were later considered too stringent for industries discharging
conventional pollutants. Amendments to the FWPCA provided for more lenient standards for
these industries and were based on the effluent quality attainable by the application of the
best conventional pollutant control technology currently available (BCT). Current BCT
levels are identical to the original BPT levels for the blue crab processing
industry.



Federal discharge permit limits for the blue crab processing industry are differentiated

by the following criteria:

- conventional (manual) blue crab processing versus mechanical processing

- existing point source versus new point source

- direct offsite discharge versus indirect discharge to a POTW

Federal effluent guidelines and standards for conventional and mechanical blue crab
processing plants are shown in Table 2 and Table 3, respectively, as of June 1993. These
limits are technology-based and are listed in the Code of Federal Regulations, Title 40, Part
408, Subpart B and C.

2.2.2 Virginia Effluent Discharge Regulations

The FWPCA requires that the States adopt and periodically revise water quality
standards for state waters and empowers them to develop and enforce more stringent effluent
limits to meet these standards. Virginia has a federally approved effluent permit program
called the Virginia Pollutant Discharge Elimination System (VPDES) which is enforced by
the Virginia State Water Control Board (SWCB). These effluent permit limits are often
more stringent than federal limits and are based on federal effluent requirements, Best
Professional Judgement (BPJ), water quality standards, water quality models, water quality
management plans, etc.

The SWCB currently regulates temperature, pH, BOD,, TSS, and O&G for blue crab
processing industry effluent. Currently, criteria that determine the type and degree of
pollutant regulation depend on the facility process (conventional versus mechanical), age,
location and production rate. Each discharge permit is developed on a case-by-case basis and
as a result, discharge permit limits differ between plants throughout Virginia.

Permits are valid for a five year period, but the state has the authority to make the
permit limits more stringent even before the permit expires. In addition, the SWCB can
prevent "backsliding” of effluent quality in situations where an facility has
shown it can achieve better effluent quality than is required by past permits.

The SWCB is considering promulgating general permit discharge regulations for
molluscan shelifish and crustacea processing establishments (VR 680-14-10). The general

permit would apply to dischargers that, "(i) involve the same or similar types of operations;
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Table 2. Federal efftuent guidelines and standards conventional blue crab
processing subcategory® 40 CFR 408 - Subpart B.

e S
EXISTING SOURCE NEW SOURCE il
Direct Indirect Direct Indirect
Discharge Discharge Discharge Discharge
I Max® Avg® Max® Avg® 40 CFR 403
" BOD; no limit ro limit no limit 0.30 0.15
TSS 22 0.74 Do. 0.90 0.45
0&G 0.60 0.20 Do. 0.13 0.065
pH 2) (2) no limit (2) 2)

Note: All units, except pH, are 1b/1,000 Ib raw seafood processed

(1) Applies to existing facilities manually processing more than 3000 1bs of raw seafood on any day during the
calendar year and all new sources

(2} Within the range 6.0-9.0

(3) Maximum for any one day

(4) Average of daily values for 30 consecutive days

{5) Set by POTW, within approved Pretreatment Program



Table 3. Federal effluent guidelines and standards mechanized blue crab
processing subcategory®, 40 CFR 408 - Subpart C.

EXISTING SOURCE NEW SOURCE
Direct Indirect Direct Indirect
Discharge Discharge Discharge Discharge
| Max® Avg® Max® Avg 40 CFR 403 I
| BOD; no limit 1o limit oo limit 5.0 2.5
TSS 36 12.0 Do. 13 6.3
0&G 13 4.2 Do. 2.6 1.3
pH 2) @ no limut (2) 2)

All units, except pH, are 1b/1,000 1b raw seafood processed

{1) Applies to all facilities in which mechanical picking or separation of crab meat from the shell is utilized
{2) Within the range 6.0-9.0

(3) Maximum for any one day

(4) Average of daily values for 30 consecutive days

(3) Set by POTW, within an approved Pretreatment Program
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(1i) discharge the same or similar types of waste; (iii) require the same effluent limitations or

operating conditions; and (iv) require the same or similar monitoring.” The general permit is
intended for small processing facilities and would assign the same effluent limits for all
effected plants. The SWCB is also currently considering setting effluent ammonia discharge
limits in addition to the parameters already regulated.

2.3  Blue Crab Processing Overview

The typical steps for processing live blue crabs and the wastes generated by each
process are shown in Figure 1. The unrefrigerated live crabs are usually delivered by boat
or truck to processing plants. The crabs are weighed, then dumped into large stainless steel
baskets. During the winter dredging season, the crabs are directed through a tumble spray
washer prior to being dumped into baskets. This washing step is essential for dredged crabs
because they are covered with sand and grit from being buried in sand.

After washing, the crabs are placed into horizontal or vertical retorts, and cooked by
steaming for 7 to 23 minutes at 121°C and 15 psig (Phillips and Peeler, 1972). In this paper
the cooker effluent will be called "retort effluent.” The main objectives of cooking are to
facilitate removal of meat from the shell, give the product a characteristic crab meat odor
and flavor, and reduce microbial populations,

Following cooking, the crabs are moved to a room where they are air-cooled to
ambient temperatures within thirty minutes. Before the cooled crabs are moved to the cooler
(33°F to 40°F), they must be cool enough so that steam is no longer rising from them. If
cooked crabs were moved immediately to the cooler, steam rising from the crabs would
condense on the ceiling of the cooler and drip back down on the crabs. This could
potentially contaminate the cooked crabs (Ulmer, 1964; Wentz, 1985).

Two different processes are used to prepare the crabs for removal of the meat
(picking): a wet process and a dry process. In the wet process, crabs are backed (carapace
removed) and declawed first. The crab bodies are then washed by hand or machine and the
meat is removed immediately, or the bodies may be refrigerated overnight. The dry process,
most commonly used in the Chesapeake Bay area, does not include the washing step. Each
picker backs, declaws, and removes all meat from each crab (Cockey, 1980).
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BLUE CRAB PROCESS WASTEWATER SOLID WASTES

LIVE CRAB

WASHING | o~ Wash Water = None

COOKING & Retort Effiuent & None

v

HOLDING/
COOLING

i HARRIS CLAW e Claw Reel Wash, Brine Bath,

PROCESS |~ | & aat Conveyor Wash, Cleanup ~> C/aw Sorep

R B

- QUIK-PIK :
PROCESS . » Quik-Pik Bobber Effiuent, .  Carapace, Legs, Eggs,
o Cleanup Empty Body Core

HAND
PROCESS @r  ClRBNUD orrarree ~ Viscera, Legs, Carapace,
' Eggs. Body Scrap

FRESH
CRAB MEAT

;

PACKAGING

Process Flow Waste Flow
L=~ =

Figure 1. Schematic of blue crab process product and waste flows.
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Picking meat from the crab is labor intensive and is sometimes supplemented in a few
large plants by mechanized picking. The Harris Claw machine combines hammer milis with
brine-tank flotation to remove the meat from claws. The Quik-Pik machine uses high speed
vibration to remove body meat from the crab (Cockey, 1980; Wenstrom, 1978). The Quik-
Pik process may also include a bobber which mechanically cuts off the legs, removes the
carapace and then removes the viscera from the remaining core using spray jets and brushes.
The bobber produces a concentrated effluent. The wastewater produced by the Quik-Pik
process will be called "Quik-Pik bobber liquid."

After the picking process, the meat goes through a deboning step in which any
remaining shell fragments are removed from the meat by hand. The deboned meat is then
packed fresh, frozen or pasteurized.

Several different effluent streams were produced in the Harris Claw process. These
streams were characterized separately and are named as follows: claw wash reel, shell
liquid, brine bath and claw meat conveyor wash. At the start of the process, the claws are
usually washed in a tumble spray process resulting in the "claw wash reel” effluent. The
claws are then shattered as they pass through a hammer mill and the resuiting meat and shell
fragments fall into a tank of approximately 70% saturated brine solution. Due to the
differing specific gravities between the meat, shell fragments and brine solution, the meat
floats to the top of the tank while the shell fragments settle to the bottom. The shell pieces
are carried out of the tank by a conveyor where they empty into a ﬁerforated receptacle. The
shell conveyor carries a large quantity of the brine solution out with the shell fragments and
is responsible for the "shell liquid" effluent. The perforations in the receptacle allow the
liquid to run out ieaving only the shell.

The meat that floats to the top of the tank is carried off by another conveyor belt
where it is washed with potable water through a spray nozzle to reduce the salt content.
Meat on the conveyor is also checked by hand to ensure removal of any remaining shell bits,
This "claw meat wash water™ provided a third effluent stream from the Harris Claw process.
The final effluent from this process is the brine bath. The brine tank is filled only once or
twice during a processing day, but is continually being refilled as solution spills over in the

tank or is carried out by the conveyor belts.
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2.4  Wastewater Characterization

Little published data exists on the characterization of wastewater discharged from
conventional and mechanized blue crab processes. The first significant characterization study
was completed in the early 1970s by the EPA in an effort to determine effluent quality for
the development of effluent limitations under the FWPCA (Environmental Protection
Agency, 1974). In fact, this study represented the only detailed study of mechanical biue
crab processing presented in the literature. The results of the study are printed in the
Development Document for Effluent Limitations Guidelines and New Source Performance
Standards for the Catfish, Crab, Shrimp and Tuna Segment of the Canned and Preserved
Seafood Processing Point Source Category (EPA, 1974). A detailed discussion of this
document is appropriate because it is the basis for the development of federai BPT/BCT
effluent limitations and guidelines for the blue crab processing industry.

In this study, two conventional and two mechanized processing plants in the
Chesapeake Bay were examined. General conclusions made from this study were as follows:

- conventional blue crab processing uses only 1/10th the water of other crab operations

(i.e. - mechanized blue crab, Dungeness, Tanner and King crab processing)

- mechanized blue crab processing produced double the BOD, of other crab species
- mechanized blue crab processing generated wastewater in significantly greater
quantity and BOD; than conventional blue crab processing.
For the reasons listed above, the mechanized and conventional blue crab processing
industries were given separate subcategories and standards in the FWPCA.

Results from the study on conventional blue crab processing facilities revealed the
following: an average of 5,700 pounds of raw seafood processed each day, an average
effluent flow of 660 gal/day distributed as approximately 60% ice making cooling water,
23% cleanup water and 17% cooker effluent, and an average of 142 gallons of water was
used per 1,000 pounds of raw crab processed. The combined effluent quality averages were
as follows: BOD, = 4,400 mg/L, TSS = 620 mg/L, O&G = 220 mg/L, TKN-N = 760
mg/L and NH;-N = 50 mg/L.

In contrast, the mechanized blue crab processing facilities (an average of 10,600 lbs
raw seafood/day processed) exhibited an average effluent flow of 46,500 gal/day distributed
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as approximately 90.5% machine picking water, 7.7% washdown water, 1.1% ice making
cooling water, 0.5% brine tank and 0.2% cooker effluent. An average of 4,415 gallons of
water was used per 1,000 pounds of raw crab processed. The combined effiuent quality
averages were as follows: BOD; = 600 mg/L, TSS = 330 mg/L, O&G = 150 mg/L, TKN-
N = 760 mg/L. and NH,-N = 5.4 mg/L. In addition, chloride concentrations ranged from
100,000-200,000 mg/L in the brine separation tanks. The brine tanks held 275 gallons of
wastewater and were dumped each shift,

Table 4 shows a detailed comparison between the mechanized and conventional blue
crab processes in the EPA study. The mechanized processes used approximately 30 times
more water than the conventional operation to produce the same amount of crab product.
The mechanized process also exhibited a greater flow variation., The effluent pollutant
concentrations were more dilute in the mechanized processes but pollutant loadings were
higher since significantly larger volumes of water were discharged.

John Riley of the EPA noted that 264 gallons of wastewater were produced per 1,000
pounds of live crab versus 7,530 gallons per 1,000 pounds in the mechanized process (Riley,
1980).

Characterization of conventional blue crab processing wastewater was done by others
(Table 4). Brinsfield et al, (1977), characterized six conventional plants which exhibited the
following averages and standard deviations (based on 74 samples): production rate = 4,400
+ 1,560 1bs live crab/day, BOD, = 2.67 + 7.81 Ibs/1,000 lbs, TSS = 1.92 + 4.26
1bs/1,000 lbs, O&G = 0.04 + 0.07 Ibs/1,000 Ibs, TKN-N = 0.27 4 0.66 1bs/1,000 1bs,
NH,-N = 0.04 + 0.13 1bs/1,000 lbs and phosphorus = 0.04 + 0.08 1bs/1,000 Ibs (all units
are per 1,000 pounds of live crab processed). A brine solution was used to separate meat
from shell in the operation and chloride concentrations ranged from 100,00-200,000 mg/L.
Rubin (1983), collected six samples from a conventional plant and found the following
averages and standard deviations: flow = 3,000 gal/day, COD = 968 + 119 mg/L, TKN-N
= 1330 £ 113 mg/L, NH,-N = 119 1 11 mg/L and total phosphorous = 69 + 9 mg/L..
After in-plant changes, the average daily flow was reduced to 600 gal/day. No data were
available on the corresponding change in effluent pollutant concentration.
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Overcash (1980) found conventional plant effluent concentrations of 1,100 mg/L for
COD, 55 mg/L for TKN-N, and 10 mg/L for total phosphorous.

An extensive wastewater characterization of the Dungeness crab processing industry
was conducted by Soderquist et al. (1972). The EPA (1974) determined that significant
differences existed in the processing methods and effluent quality between blue crab and

Dungeness crab. For these reasons, separate discharge requirements were developed for
each industry.

In the Dungeness crab study, three conventional processing plants were monitored for
a three month period with seven to fourteen flow-proportioned samples taken from each
operation. The combined effluent quantity and quality from the most intensively studied
plant was as follows (production rate = 12,000-16,000 Ibs live crab/shift): flow ratio =
1920 gal/1,000 Tbs, BOD, = 6.8-13.5 1bs/1,000 lbs, COD = 11.5-22.9 1bs/1,000 lbs, TSS
= 1.7-5.0 1bs/1,000 lbs, TKN-N = 1.4-2.8 1bs/1,000 ibs, NH,-N = 0.13-0.24 1bs/1,000 Ibs
and total phosphorus = 0.08-0.33 lbs/1,000 Ibs (all units per 1,000 pounds of live crab
processed). The study concluded that the major sources of pollutant loads, in order of
influence, resulted from the "brining step,” cooking, and butchering/bleeding, respectively.
The brining step was the major source of COD, suspended solids, total nitrogen, total
phosphorus and chloride. The cooking step was the major contributor of ammonia and the
second largest contributor of COD, suspended solids and total nitrogen in the combined
effluent stream.

Characterization of blue crab cooker effluent has been conducted by a few researchers
because of its relatively high pollutant concentration and potential for by-product recovery
(Table 5). Chao et al. (1983) characterized the following cooker effluent ranges: flow ratio
= 25-50 gal/1,000 Ibs live crab cooked, BOD, = 10,000-14,000 mg/L, COD = 20,000-
25,000 mg/L, TSS = 700-1,000 mg/L, and NH,-N = 200-250 mg/L.

A study of cooker effluent from six plants showed an average 9,000 mg/L of BOD;
and 1,500 mg/L of TSS (Wheaton ¢t al,, 1981).

In a third study, examination of cooker effluent from ten separate cooks at 121°C
produced wastewater with an average of 16,557 mg/L BOD; and 55,568 mg/L COD
(Hanover et al., 1975).

21



Table 5. Blue Crab Cooker Effluent Pollutant Characterization
Found in Published Literature

Chao ¢t al,

Wheaton et al. | Hanover ¢t al,
1983 1980 1974

Type Range Average Average
No. of samples - - 10
No. of plants studied - 6 -
Flow (gal/1000 1b) 25-50 - -
BOD; (mg/L) 10000-14000 9000 16557
COD (mg/L) 20000-25000 : 555688 |
TSS (mg/L 700-1000 1500 -
NH,-N (mg/L) 200-250 - -
pH 7.0-7.5 - - |
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2.5 Wastewater Treatment

The NPDES regulates the discharge of blue crab processing wastewater into waters of
the United States. As described in section 2.1., NPDES permits set limits on the allowable
discharge concentrations and/or mass loadings of BOD,, TSS, O&G and sometimes nutrients.
A common method of attaining the requirements of these permits is through "end-of-pipe”
physical, chemical and/or biological wastewater treatment. Review of the literature revealed
that suspended solids removal and biclogical treatment methods constituted the majority of
the treatment studies concerning blue crab processing wastewater.

The EPA described effluent discharge limits for the conventional and mechanized blue
crab processing industry and the treatment technologies that were expected to achieve those
limits in the Development Document for Effluent Limitations Guidelines and New Source
Performance Standards for the Catfish, Crab, Shrimp and Tuna Segment of the Canned and
Preserved Seafood Processing Point Source Category (EPA, 1974). To achieve the 1977
BPT guidelines for TSS and O&G, screens and simple grease traps were expected to be
required for both conventional and mechanized processes. To achieve the 1983 BCT
guidelines which included BOD; limits, aerated lagoon technology was anticipated to be
required for both processes. In addition, mechanized processes would require in-plant
modifications to meet limits.

The USEPA report predicted that in theory, aerated lagoons would treat conventional
blue crab processing effluent to 125 mg/L BOD;, and 375 mg/L TSS while extended aeration
would produce effluent quality of 100 mg/L BOD, and 100 mg/L TSS. For mechanical
processing effluent, aerated lagoons were expected to achieve an effluent BOD; of 80 mg/L
and TSS of 200 mg/L, while extended aeration would produce an effluent quality of 60 mg/L
BOD; and 60 mg/L TSS.

Zachritz and Malone (1991) estimated the removals of BOD,, TSS and ammonia from
conventional blue crab processing wastewater. Their estimates were based on theoretical
waste minimization practices and typical process treatment efficiencies listed in Wasrewarer
Engineering: Treatment/Disposal/Reuse by Metcalf and Eddy, (1979). The estimated
treatment efficiencies were based on effluents other than blue crab processing wastewater.
They estimated an effluent quality of S mg/L BOD;, 5 mg/L TSS and 12 mg/L NH;-N could
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be achieved by a combination of waste minimization (solids separation and washwater
reduction), primary treatment (simple screens and sedimentation), secondary treatment
(aerobic lagoon or extended aeration or DAF), and polishing (rock-reed filter followed by
slow sand filtration with nitrification, or rapid sand filters followed by selective ion
exchange).

2,5.1 Suspended Solids Removal

Wheaton gt al. (1981) studied the ability of mechanical screening, settling,
flocculation with alum and chitosan, centrifugation, and foam fractionation to meet
conventional blue crab processing wastewater discharge limits. None of the technologies
were able to meet BOD; or TSS permit limits for conventional blue crab process wastewater.

Mechanical screening through 3 um filter paper reduced total suspended solids by
about 30% and BOD about 15%. Filtering through 0.45 um filter paper removed only
slightly more BOD and TSS. Settling yielded no significant removal of BOD or solids
because particles were small with low density.

Coagulation and flocculation with alum (2.5-4.0 gm/L) and chitosan (0.2-0.4 gm/L)
were ineffective at reducing BOD or suspended solids.

In addition, neither centrifugation at 15,000 g’s for 30 minutes or foam fractionation
adequately removed BOD or suspended solids to required levels.

Johnson and Gallanger (1984) studied the removal of TSS from Tanner crab
processing wastewater using the coagulants, ferric sulfate and chitosan. Jar test studies
revealed an optimum dose of 10 mg/L of chitosan or 500 mg/L of ferric sulfate removed
greater than 90% of the TSS. The ferric sulfate addition consistently produced a better
effluent than chitosan addition, but resulted in a greater pH drop. The study also
investigated the use of hydrocyclones to remove the TSS. A pilot-scale hydrocyclone
achieved a 71% average reduction iz TSS concentration in tanner crab process wastewater.

The use of ultrafiltration to treat blue crab cooker effluent and recover by-products
was studied by Chao et al, (1983). Using a membrane filter cartridge with a 50,000-dalton
molecular weight cutoff, the effluent parameters were reduced as follows: COD reduced by
65%, BOD, reduced by 67%, and TSS reduced by 99%.
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Physical/chemical treatment alternatives for shrimp processing wastewater were
examined by Hudson and Pohland (1975). Coagulation and flocculation were effective for
removal of suspended solids, but not for removal of organics. Activated carbon treatment of
clarified wastewater was effective for removal of organics, but was not considered practical
because large quantities of carbon were required for treatment of the high strength
wastewater.

The use of dissolved air flotation (DAF) for the treatment of shrimp processing
wastewater was examined by Szabo ¢t al. (1979). The researchers conciuded that the
effective use of DAF required knowledgeable operation and control. Chemicals for pH
control and for coagulation and flocculation of the suspended solids were also required. The
DAF treatment was not able to achieve the effluent BOD; and TSS loadings required by BAT
guidelines for shrimp processing wastewater.

2.5.2. Biological Treatment

Wheaton et al. (1981) conducted bench-scale anaerobic and aerobic treatability tests of
conventional blue drab processing wastewater. Four weeks of non-stirred anaerobic digestion
resulted in a 60% BOD reduction at 10-15°C and a 20% BOD reduction at 5-10°C.

Aerobic treatment of conventional biue crab processing wastewater resulted in 70%
BOD reduction after three weeks at 1-5°C and six days at 25-30°C. TSS concentrations
were not significantly reduced in this study. Foaming resulting from aeration was a
problem. Influent BOD (21 samples) averaged 795 mg/L and the effluent BOD (25 samples)
averaged 266 mg/L. |

Wheaton et al. (1984) performed a pilot-scale, aerobic, biological treatability study of
conventional blue crab processing wastewater using a 7,600 gallon vinyl-lined swimming
pool. Blue crab processing effluent was periodically pumped from a sump to the treatment
tank for a period of one year. The hydraulic retention time in the basin was approximately 2
days. The influent BOD; averaged 753 mg/L and the effluent BOD; averaged 278 mg/L (32

samples). The influent and effluent TSS concentrations were not significantly different.

Geiger et al. (1985) examined aerobic treatment of blue crab processing wastewater
with a more sophisticated bench-scale study. A 5% dilution of retort effluent with an
approximate COD of 1,050 mg/L was used to simulate combined blue crab processing plant
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effluent. Aeration studies of 6, 12, 18 and 24 hours were carried out in 18 liter reactors at
approximately 20°C. The retort waters were added to 6 liters of activated sludge with MLSS
concentrations between 3,000 to 7,000 mg/L. The authors concluded that under these
conditions, approximately 90% of the COD was removed in the 16 and 24 hour retention
times. Also, settling of suspended solids was poor, especially at the lower retention times
because of their small size and low density.

Aerobic and anaerobic treatment alternatives for shrimp processing wastewater were
examined by Pohland and Hudson (1976). Aerobic treatment of presettled wastewater was
effective with an optimum hydraulic retention time of 2 hours for a non-recycle, continuous-
flow, stirred tank reactor (CSTR) and 1 hour for CSTRs with recycle. Anaerobic treatment
studies indicated irhibitory influences were present, but the influences could not be
determined.

Anaerobic reactors have been found to be very effective in the removal of organics
from many different types of wastewater, but their successful operation is dependent upon the
maintenance of a number of important operational parameters. Given these facts, an
examination of the processes involved in anaerobic treatments and their necessary operating
conditions 1is vital to the design and use of any treatment system based on anaerobic
digestion.

Both the anaerobic and aerobic digestion of organics are accomplished through the use
of bacteria which use the organic material as food for growth. As in all biological processes,
these bacteria will seek to minimize energy expenditures while attempting to achieve
maximum cell growth. In aerobic systems, the free dissolved oxygen is utilized as the
terminal electron receptor in an efficient oxidizing process which results in approximately
70% of the consumed substrate (i.e. BOD or COD) being used for cell growth. In research
involving the aerobic treatment of crab processing wastes, the technology was found to
achieve BOD, removals insufficient to meet discharge limits (Wheaton et al., 1984), In
anaerobic conditions, where no free dissolved oxygen is present, other electron receptors are
utilized in a less efficient reducing process. Specifically sulfur, if present, and more usually
carbon from the organic material, will become electron receptors and be reduced. In
addition, some carbon from the organics will be oxidized to form carbon dioxide and volatile
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acids. The end-product (i.e. methane) of the process still has a large amount of energy (i.e.
potential to accept electrons) which is not directed towards the growth of cells. One result of
this inefficiency is that while the production of excess sludge, measured as volatile suspended
solids, can be expected to average 0.5 kg VSS/kg COD in aerobic systems, anaerobic
digestion processes would average only about 0.1 kg VSS/kg COD and would thus require a
lesser amount of nutrients for cell growth (Eckenfelder et al., 1988).

Anaerobic digestion has been described as a three-stage process involving three
distinct groups of bacteria (McCarty, 1981). The first stage, known as hydrolysis and
fermentation, involves the conversion of complex organics into intermediate products such as
fatty acids, alcohols, and carbon dioxide. In the next stage, bacteria utilize these
intermediate products to form acetic acid, hydrogen, and carbon dioxide through the
processes of acetogenesis and dehydrogenation. The actual stabilization of the waste is
accomplished in a final stage known as methanogenesis. Here biogas gas, composed mainly
of methane and carbon dioxide, is formed as a result of acetate decarboxylation and carbon
dioxide reduction (McCarty, 1964 and 1981). The methanogens responsible for the
processes in this final stage are the key to successful digestion of organics, but they are
sensitive to a variety of environmental factors which should be studied to ensure stable
operation of the digestion process.

Of particular importance to the growth of methanogens is the maintenance of a stable
PH level. Various studies have sought to determine the optimum pH level for the operation
of anaerobic digestion processes. While these studies have all shown an optimum pH of
about 7, the range over which the optimization of growth is said to extend has varied greatly.
Clark and Speece (1970) found no inhibition over the pH range of 6 to 8, while McCarty
(1964) stated an optimum range of 6.7 to 7.3, with methanogens functioning well in a pH
range of between 6.6 and 7.6. If the pH falls below this range, the bacteria will not be able
to complete the conversion of the intermediate acids to methane and carbon dioxide. This
incomplete conversion will result in a buildup of these intermediates to a point where they
will, in turn, begin to lower the pH even further and aggravate the problem. While some
research has found methanogenic activity occurring at pH levels as low as 5 (Clark and

Speece, 1970), it has also been suggested that acidic conditions resulting from pH levels of
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less than 6.2 are toxic to most methanogens and should thus be strongly avoided (McCarty,
1964). The presence of moderate amounts of sulfates lead to the recommendation that pH
levels be maintained between 7 and 8 (Eckenfelder et al., 1988). In order to guard against
such upsets, Standard Methods for the Examination of Water and Wastewater (APHA,
AWWA, WPCF, 1992, hereinafter referred to as Standard Methods) has recommended that
alkalinity in anaerobic reactors be maintained at a concentration of at least 2000 mg/L, while
Eckenfelder et al. (1988) suggest that the alkalinity levels be maintained in the 2500 to 5000

mg/L range for successful digestion.

An additional factor that is important to the success of anaerobic digestion is the
operating temperature of the reactor. Methanogens can be separated into mesophiles and
thermophiles when discussing the effects of temperature on reactivity. Thermophilic
processes primarily exhibit optimum performance in the range of temperatures from 45°C to
65°C. While thermophilic digestion has been found to occur at two to four times the rate of
mesophilic processes, the additional heat input required to maintain the higher operational
temperatures needed by these methanogens may offset any such gains (Zinder, 1988).
Mesophilic reactions have been found to be most productive at temperatures ranging from
30°C to 40°C (McCarty, 1964). The upper limit of this range is very important because it
has been observed that certain mesophilic strains do not survive in temperatures just above
40°C,

Another parameter important to the stable operation of anaerobic digestion processes
1s cation concentration in the reactor. Certain cations have been shown to be toxic to
methane producing bacteria at high concentrations, while exhibiting a stimulatory effect when
present at lower levels (McCarty, 1964). These effects are summarized in Table 6, as
reported by McCarty.

It has also been suggested that the ability of anaerobic processes to withstand cation
toxicity is related to the pH level. Specifically, the maintenance of a neutral pH was found
to increase reactor resistance to this toxicity, when compared to that shown by a reactor
operated at a pH of 8 (McCarty and McKinney, 1961).
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Table 6. Stimulatory and inhibitory concentrations of

alkali and alkaline-earth cations (McCarty, 1964).

Moderately Strongly Inhibitory
Stimulatory Inhibitory Concentration
Cation Concentration Concentration (mg/L)
(mg/L) (mg/L)

Sodium 100 - 200 3500 - 5500 8000
Potassium 200 - 400 2500 - 4500 12000

Calcium 100 - 200 2500 - 4500 8000
Magnesium 75 - 150 1000 - 1500 3000
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In addition, the toxicity of high concentrations of some cations can be alleviated or
even negated by the presence of low concentrations (generally in the range of 0.01 M to 0.05
M for monovalent cations and 0.005 M to 0.05 M for divalent cations) of one or more
additional cations acting as antagonists (Kugelman and Chin, 1971). Selected data from
studies performed by Kugelman and McCarty (1965) on the effect of cations on
methanogenesis are presented in Table 7. The antagonistic effect is aided substantially by the
presence of multiple cations at these low concentrations, to the point where it is possible for
metabolism to gain a stimulatory effect from the cation presence and progress at a rate that is
higher than if no cations were present. This multiple antagonism has been observed even in
the presence of very high concentrations of the toxic cation. Conversely, studies have also
shown that in the presence of toxic levels of one cation, slightly higher concentrations of the
same antagonistic cations have resulted in synergism, exacerbating the toxic effect (Kugelman
and McCarty, 1965).

Ammonia is produced, in the form of ammonium ions, as an end product of the
anaerobic deaminization of proteins. While its presence can aid in the buffering of the
digestion process against decreases in pH, it can, in higher concentrations, have a toxic effect
upon the process. This toxic effect can take place as the result of either of two sets of
circumstances.

First, the presence of ammonium ions in concentrations greater than 3000 mg/L have
been found to be toxic to anaerobic digestion processes (McCarty, 1964). In addition,
McCarty and McKinney (1961) found that free ammonia gas, when present in concentrations
greater than about 150 mg/L, exhibits inhibitory effects on the anaerobic digestion process.
This translates to inhibition when overall ammonia levels are between 1500 and 3000 mg/L
and pH is greater than 7.4 to 7.6 (McCarty, 1964).

In order for bacteria to be able to grow, certain nutrients must be made available for
their utilization. Primary among these nutrients is nitrogen, which is used in new cell
construction, and phosphorus. McCarty (1964) states that the nitrogen requirement, based on
an average chemical formula for biological cells, in anaerobic systems is approximately 11%
of the weight of volatile solids produced. Phosphorus requirements for the digestion process
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Table 7. Antagonistic relationships in dual cation systems.

% Control % Control
Reaction Rate Range of 'Reaction Rate
Toxic Conc. No Antag. Antag. Peak Antag. Peak Antag.
Cation M Cation M

Na 0.3 54 K 0.002-0.06 72
K 0.25 20 Na 0.01-0.05 75
K 0.25 20 Ca 0.005-0.05 59
K 0.25 20 Mg 0.005-0.05 64
NH, 0.15 80 Na 0.002-0.05 105
Mg 0.1 34 Na 0.005-0.035 103
Ca 0.1 55 K 0.002-0.06 73
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are listed as being between 15% (Speece, 1983) and 20% (McCarty, 1964) by weight of the
nitrogen levels.

In addition to these primary nutrients, sulfide, nickel, iron, and cobalt are also seen as
necessary, in small amounts, to the successful anaerobic digestion of organics. The need for
sulfide can be attributed to the relatively high sulfur content (2.6%) found in methanogens,
and its presence at concentrations ranging from 1 to 25 mg/L has been found to be
stimulatory. The nickel requirement of methanogens appears to be related to the presence of
a coenzyme, apparently unique to methanogens, designated as F,,. Finally, research has
shown that additions of iron and cobalt have also improved the treatment efficiency of
anaerobic systems (Speece, 1983).

Solids retention time (SRT) is the average retention time of microorganisms in an
anaerobic system and as such is an important parameter in the operation of an anaerobic
reactor. In order to have a sustained anaerobic digestion reaction, the rate at which active
solids are wasted (1/SRT) must not exceed the rate at which cell growth occurs. While a
minimum SRT value of 4.2 days has been used successfully for the anaerobic digestion of
acetic, propionic, and butyric acids at a temperature of 35°C (Lawrence and McCarty,

1969), a value of 20 days is suggested as a minimum for anaerobic system design purposes
(Eckenfelder et al., 1988).

In a conventional continuously stirred tank reactor (CSTR) without recycle the SRT is
equal to the hydraulic retention time (HRT) of the reactor, but in the anaerobic contact
process, the SRT can be varied separately from the HRT through the settling and recycling
of solids. This SRT is calculated as the total weight of active solids in the system divided by
the total weight of active solids wasted per day (Lawrence and McCarty, 1969).

The production of methane (CH,) is a direct result of the anaerobic digestion process
and can therefore be used to track the performance of the reaction. In addition, the methane
produced by the reaction may be able to be used to help meet any heating energy
requirements of an anaerobic reactor.

McCarty (1964) stated that theoretically, the complete digestion of one pound of COD
should yield 5.62 ft* of methane (in metric units: 1 kg of COD = 0.348 m® of CH,) at
standard temperature and pressure (STP). This value is based on the following formula:
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CH, + 20, = CO, + 2H,0 ()
where 1 mole of CH, (16 grams) has an oxygen (0Q;) demand of 2 moles (64 grams). In
order to convert this value for reactor operation at 35°C, Charles’ Law must be employed:

V.=V, *T,/T) (2)
where,

V. = gas production volume at 35°C in liters

V, = gas production volume at STP in liters

T, = reactor temperature in Kelvin

T, = STP temperature in Kelvin (273 K).

The use of this equation yields a relationship of 0.393 L. of CH, produced for every gram of
COD digested at 35°C.

Anaerobic reactors are divided into two main groups, conventional (low-rate) and
modemn (high-rate) systems. Each of these groups has its own benefits and drawbacks, and
consists of a variety of individual reactor types.

The most basic of the low-rate reactors is the anaerobic lagoon. In this format,
wastewater is dumped into a large stagnant pond and is allowed to undergo natural
fermentation without mixing or temperature control. While energy and knowledge
requirements are minimal, reactor volume is very large.

Another low-rate system which has seen a great deal of use in the treatment of
wastewater is the CSTR. This system utilizes a sealed tank through which the waste is
passed, while the reactor contents are stirred and temperature is maintained at a level
appropriate for the growth of the sludge. While performance stability is improved and
expertise and energy requirements remain low, a large reactor volume is still required, and
solids washout can be a problem.

The anaerobic contact process system incorporates a settling chamber, either external
or internal to the reactor, in order to increase solids retention times and prevent the washout
problem. In addition, some contact process units employ a degasifier to further aid in the
settling of the sludge.

High-rate systems of various types have recently found increasing application to the

treatment of industrial and domestic wastes. These systems employ an immobilized biomass
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in order to achieve higher loading rates without the problem of solids washout. This
immobilization is usually accomplished through the use of either a granular sludge, as in an
upflow anaerobic sludge blanket (UASB), an attached biomass, as in the trickling filter and
fixed film reactors, or the entrapment of the biomass, as in the anaerobic filter process.

The main advantage to these systems is in the reduced reactor volumes resulting from
their higher loading rates. Drawbacks associated with these reactors can include higher
energy, monitoring, and control costs, lower process stability in the presence of inhibitory
materials, and an increased need for specialized knowledge (Lettinga, 1984).

2.5.3 Ammonia Removal by Air Stripping

There has been a great deal of discussion regarding the toxic effects of ammonia on
aquatic life. Simultaneously, concern about the impact of ammonia concentrations in
wastewaters discharged to the environment has led to the search for possible wastewater
treatment methods to minimize the effects of such discharges.

As stated previously, ammonia occurs in two forms in nature, and while its presence
as the ammonium ion (NH,*) can add to the total oxygen demand on the water, it is the
presence of free ammonia (NH,) that is the main toxicity problem. Studies have reported the
onset of acute toxicity effects in aquatic organisms at levels ranging from 0.01 mg/L to over
2.0 mg/L of molecular ammonia-nitrogen (Culp, 1978). The two forms of ammonia exist in
an equilibrium reaction which is affected primarily by temperature and pH levels. As
temperature or pH decreases, the amount of ammonia present in its molecular form (NH,)
decreases until at pH 7 and normal air temperatures, until almost all of the ammonia is
present as NH,” (Culp and Culp, 1971).

Studies involving the process of air stripping have shown it to be an effective, low
cost tool in the removal of ammonia from both domestic and industrial wastewaters with
observed removal rates ranging from 85% to over 95%. These same studies have also
shown that the process is sensitive fo changes in various operating parameters which may
resuit in decreased treatment. Specific data from these studies will be presented in the
following subsections.

Primary among the parameters affecting operating performance of air stripping towers

in the removal of ammonia is wastewater pH. It has been shown that ammonia removal
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increases steadily as the pH of the wastewater influent is raised from 8 to 11, although no
significant increases in treatment were seen as the pH was then raised from 11 to 12 (Kuhn,
1956). This study was performed with municipal wastewater, and it utilized a 7 ft tower
packed with 0.5 in Raschig rings. Air-to-water ratios in the experiment varied between 40
and 500 ft'/gal. Another study has shown effective ammonia removal (92% to 98%) can be
achieved at pH levels above 9.7 (Slechta and Culp, 1967; as cited by Culp and Culp, 1971).
This research treated a chemically coagulated and filtered secondary effluent, with ammonia
levels of 25 - 35 mg/L as N, to test ammonia stripping technology. The tower used in these
trials was 5 ft in diameter with a 2 ft packing depth. Redwood slats were employed as the
tower packing. Air-to-water ratios between 380 and 3040 ft'/gal were tested with optimal
treatment achieved at approximately 750 ft*/gal. Adjustments of pH necessary for studies of
this process have been accomplished through the use of either sodium hydroxide (NaOH) or
lime (Ca(OH),).

While the use of lime has often been found to incur lower chemical costs, such use
has sometimes resulted in scaling problems. It has thus been suggested that provisions be
made to allow for the cleaning of any such accumulations within the tower.

Other parameters which have been shown to affect process efficiency are the ambient
air temperature at which the stripping tower is operated and the temperature of the
wastewater to be treated. One problem found in areas where air temperatures dip below 0°C
is an accumulation of ice which makes tower operations impractical. Additionally, since the
solubility of ammonia in water increases as temperature decreases, any drop in temperature
can cause a decrease in the effectiveness of ammonia removal by air stripping (Culp, 1978).

This second effect is most readily shown through the temperature dependence of the
Henry’s Constant for ammonia which is calculated by the following formula (Culp gt al.,
1986):

log H = -AH°/RT + C 3)
where:

H = Henry’s Constant, m’satm/mol

AH® = Change in Enthalpy due to dissolution of component in water, 3750
kcal/kmol for ammonia

R = Universal Gas Constant, 1.987 kcal/kmol+°K
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T = Absolute Temperature, °K

C = Constant specific to contaminant, 6.31 for ammonia.

Use of this formula gives a Henry’s constant for ammonia which ranges from 0.57 atm at a
liquid temperature of 15°C to a value of 5.33 atm at a wastewater temperature of 65°C.
Since a higher Henry’s constant means that the contaminant in question has a higher
equilibrium concentration in air, it can be seen that increased wastewater temperatures will
allow the ammonia to be more easily stripped.

Due to the high volumes of air, relative to the amount of liquid treated, necessary for
the stripping of ammonia, the temperature of the wastewater leaving an air stripping tower is
a function of both the influent temperature and, more importantly, the air temperature. In
support of this, studies have shown substantial decreases in removal efficiency as air, and
subsequently effluent, temperature is lowered from 22°C to 5°C (Q’Farrell et al., 1973). In
a similar fashion, extreme changes in influent temperatures can also be seen to affect removal
efficiencies possible through air stripping (Joyce, 1993).

An additional factor shown to have a substantial effect on the removal rates possible
through the use of this technology is the air to water ratio utilized in the operation of the
stripping tower. Increased air to water ratios have been shown to increase the levels of
removal possible through this technology and are seen as a possible remedy to efficiency
problems brought about by decreased air temperatures. In order to achieve optimum removal
it has been suggested that air to water ratios of 300 to 500 ft'/gal be employed during warm
weather (> 20°C) tower operation, while up to 800 ft//gal may be needed under cold
weather (< 10°C) conditions (Culp, 1978).

Together with the utilization of sufficient air to water ratios, it has been observed that
the maintenance of hydraulic loading rates at levels which will allow droplet formation and
prevent water sheeting is important to proper tower operation (Culp, 1978). While the exact
loading rate can be seen as a function of both depth and type of packing, research has shown
that, in 20 and 24 ft cross- current towers using redwood slats as packing, sheeting can be
eliminated, and ammonia removal maximized, at liquid loading rates of less than 3.0 gpm/ft’
(South Tahoe Public District, 1971).



Tower design has also been cited as an important factor in the level of ammonia
removal accomplished in air stripping studies. The two major types of air stripping towers
employed in the aforementioned studies are countercurrent and crosscurrent. In
countercurrent towers the entire airflow enters the tower at the bottom and flows up through
the falling wastewater, while the crosscurrent design pulls air in through the sides of the
tower over the entire height of the packing. It has been suggested that countercurrent towers
are more effective in the removal of ammonia and less resistant to scaling problems than
those of crosscurrent design (Culp, 1978).

The depth and type of packing material are other aspects of tower design that have
been shown to have great effects on the removal efficiencies possible with this technology. It
has been demonstrated that an increase in the packing depth of treatment towers has led to
increases in observed ammonia removal rates achieved by these towers with maximum
removals achieved at a depth of 24 ft (Slechta and Culp, 1967).

The calculation of packing depth is achieved through the use of the following set of
equations (Gostin, 1993). Due to the proprietary nature of certain information, certain

constants are presented without explanation.

Packing Height = (3 * HTU) * NTU * 1.1 4)
HTU = A * (L/M)*® * (M, /p,D,)** * (T/286)*> S)
Where:

HTU = Height of Transfer Unit in ft
A = Constant, 0.0042 for Ammonia
L. = Liquid Loading Rate in lbs/hr/ft*
M, = Viscosity of Water in 1bs/hr-ft

M, = 4.3231 * (T/273)’ (6)
p. = Density of Water, 62.4 1bs/ft’

T = Temperature of Water in °K

D, = Diffusivity of Ammonia in Water in ft*/hr

D, = 6.3635 * 10* * (T/273)* * (1/V %) 0
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V. = Critical Molar Volume of Ammonia, 72.5 cm’/g-mole

(C, - (1331.2/(H.* AW)) * (C-C))/C,
NTU = In ®)
(1 - (1331.2/(H.* AW))

Where:
NTU = Number of Transfer Units
C, = Influent Ammonia Concentration in mg/L
C, = Effluent Ammonia Concentration desired in mg/L
AW = Air to Water Ratio in cfm/cfm.

Finally, since the success of this process is dependent upon the repeated formation and
rupture of water droplets, it is important that the packing material be able to accomplish
these functions while remaining resistant to the effects of pH and scaling (Culp, 1978).



3.0 METHODS AND MATERIALS

Methods and materials used to characterize process wastewater from three blue crab
processing plants in Virginia are presented in this chapter. Also presented are the methods
and materials used to perform treatability studies and corresponding analytical procedures.
3.1 Plant Process Characterization

The wastewater streams originating from the various operations in three blue crab
processing plants were characterized. The three plants studied are all located in Virginia.
For the purposes of this paper, the processing facilities will be designated plant #1, #2, and
#3, respectively. Two trips each were made to plants #1 and #3. Three trips were made to
plant #2.

In plant #1, crabs are processed by hand picking and the Harris Claw machine. Plant
#2 uses both of these operations but also uses the Quik-Pik machine. Plant #3 uses only hand
picking. In the plants #1 and #2, the following processes were characterized: cooking, hand
picking, Quik-Pik process (plant #2 only), Harris Claw process, and clean-up. In the third
plant, only the retort effluent was characterized.

Effluent samples were analyzed for the following: pH, temperature, chemical oxygen
demand (COD), 5-day biochemical oxygen demand (BOD;), total suspended solids (TSS),
volatile suspended solids (VSS), total Kjeldahl nitrogen (TKN-N), ammonia nitrogen (NH,-
N), total phosphorus (TP), oil and grease (O&G), and chloride (Cl). The criteria used in
selecting these tests was to include those that are now regulated, those that may be regulated
in the near future, and those that might impact treatment works or the environment.

Samples of each effluent were collected in the following manner. First, a grab
sample of a given effluent was collected in a clean, five gallon bucket when a process was
operating at full speed. The contents of the bucket were mixed thoroughly and then
transferred into 500 ml polyethylene bottles. At this time, the temperature and pH of the
sample were taken. Half of the samples were then acidified to a pH of 2.0 or below for
preservation. All samples were immediately placed on ice in a barrier container. Two
exceptions to the method of collection were the retort water from the cookers and the brine
bath from the Harris Claw process. For the retort water, all the fluids from a cooking cycle
were collected in a 55 gallon receptacle. The contents of the drum were mixed thoroughly
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with a paddle to homogenize the sample. Samples were then transferred to polyethylene
bottles by a hand pump. The entire effluent stream from the cook was collected after it was
determined that the characteristics of the retort water changed substantially during the
cooking cycle and a single grab sample would not be representative.

The samples from the brine bath were collected at the end of the Harris Claw process
cycle just before the contents of the brine tank were dumped. The brine solution was
recirculated for an entire processing period and therefore was most concentrated at the end of
the cycle.

After samples were collected, they were packed on ice and transported by car to VPI
& SU’s Environmental Engineering Analysis Laboratory in Blacksburg, Virginia. The
samples were then placed in a 4°C refrigerator until all analyses were performed. All tests
on non-acidified samples were completed within 48 hours of collection and all tests on
acidified samples were completed within 28 days as prescribed by EPA Methods for
Chemical Analysis for Water and Wastes (EPA, 1983).

3.2  Treatability Studies

Three treatability studies were performed on each individual effluent stream from the
various processes in the processing facilities including settling, filtration, and coagulation
with pH adjustment. Anaerobic biological treatment studies were performed on the cooker
effluent and a theoretical "combined” plant effluent. Also, anaerobic biological treatment of
these effluents after pretreatment with coagulation by pH adjustment was examined.

3.2.1 Settling and Filtration Tests

Settling and filtration tests on effluent samples were performed. Values for COD,
BOD;, TSS, VSS, TKN-N, NH;-N, and total phosphorus were determined for each effluent
type before settling, after settling and after filtration. To obtain settled values, collected
samples were mixed and then allowed to settle at room temperature (approximately 23°C) for
one hour. The supernatant from a sample was then analyzed for the above constituents. To
obtained filtered values, samples were filtered through Whatman grade 934AH glass-fiber
filters. Analyses were performed on the filtrate.
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3.2.2 Determination of Process Flows and Volumes

In the process characterizations, effluent flow rates and volumes were determined by
the following methods. First, the water line which fed the Harris Claw process at plant #1
had a flow totalization meter. Omega FTB series turbine flow totalization meters were
placed on several individual feed lines of the Harris Claw and Quik-Pik process at plant # 2.
The effluent volumes produced over a given period of time could be read directly from the
meters.

Some effluent streams, such as the shell liquid effluent, could not be read directly
from totalization meters. In this case, the time required for the effluent to fill a calibrated
five gallon bucket was recorded. When the bucket method was used, several samples were
collected during process operations and the results averaged to improve the accuracy of the
measurement.

The volume of the Harris Claw brine tanks was determined by measuring their
dimensions. This volume was multiplied by the number of times the brine tanks were
dumped and refilled during the day. Some solution was removed from the brine tanks by the
meat and the shell fragment conveyor belts. This volume was accounted for in the
measurements of those respective effluent streams.

Finally, the volume of the retort water was determined in two separate ways. At
plants #1 and #2, cooker water flowed through pipes which discharged at the edge of the
docks. The cooker water was collected by placing a five gallon bucket over the end of the
pipe, and then repeatedly transferring the contents of the bucket to a large calibrated
receptacle, until the cooking cycle was complete. At plant #3, the pipe exiting the ¢ooker
was attached to a fire hose. The fire hose was connected directly to 2 55 gallon industrial
drum where all the fluids from a cook were collected. A dip stick was then placed in the
drum to determine the depth occupied by the cooker effluent. The total volume was then
calculated from the measured dimensions.

3.2.3 Coagulation with pH Adjustment
Coagulation with pH adjustment was carried out to investigate the removal of COD,
BOD,, TSS, VSS, TP, TKN-N, and, NH,-N. The volume and percent moisture of the
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resulting sludge was also determined. The authors noted that when the pH of the effluent
samples was decreased to pH 6.0 or below, a coagulation of the contents occurred.

To test treatability by acidification, jar tests were completed on highly concentrated
processing effluents from plant #2 including the retort water, the Harris Claw brine bath and
the Harris Claw reel wash water.

In the jar tests, one liter of the given effluent (19-22°C) was placed in each of six,
one liter, circular jars. It should be noted that the samples had been previously allowed to
settled at room temperature for one hour so as to remove all solids susceptible to gravity
settling. In this way, the removal efficiency resulting from coagulation of colloidal particles
due to pH adjustment could be determined.

In the first five jars, the pH of the samples were adjusted to 6.0, 5.0, 4.0, 3.0, and
2.0, respectively, with concentrated sulfuric acid. The final jar acted as a control and the pH
was not adjusted. The six jars were then placed in a standard gang mixing jar test apparatus
and flocculated with single-blade paddles at 20 rpm for 15 minutes. The mixing was then
stopped and the solids allowed to settle for 30 minutes (60 minutes for the retort water).
After settling, the supernatant was carefully separated from the sludge layer with a 100 ml
syringe and transferred to 500 ml sample bottles to be analyzed. The volume and percent
moisture of the resulting sludge was then determined.

The pH adjustment study described above was carried out on a second set of samples
from plant #2 one month later. The procedure was identical with the following exceptions.
Only three pH ranges (other than the control) were examined. The pH of the retort water
was adjusted to 4.0, 3.0, and 2.0. The pH of the Harris claw brine bath and the Harris claw
reel wash water were adjusted to 5.0, 4.0, and 3.0.

In a separate study, a five gallon volume of cooker water with an initial pH of 6.44
and a temperature of 21°C was acidified to pH 3.5 with concentrated sulfuric acid. The
solution was stirred slowly by hand with a metal paddle for 15 minutes to induce flocculation
and then allowed to settle for one hour. The supernatant was carefully decanted from the
corresponding sludge with a beaker.
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3.2.4 Sludge Analysis by Food Science and Technology
A two liter volume each of the initial retort water, settled retort water, acidified retort

water and the resulting sludge were sent to VPI&SU’s Food Science and Technology

Analysis Laboratory in Blacksburg, Virginia, for analysis. The samples were analyzed for

the following parameters: protein, carbohydrate (acid digestible fiber), fat, ash and percent

water. All tests were performed in accordance with Official Methods of Analysis by the

Association of Official Analytical Chemists, Inc. (15th edition, 1990) with the following

exceptions and notations:

- Protein was determined by potentiometric endpoint determination (Kjeldahl) using
0.25 gm dry sample digested with 6 gm catalyst and 12 m! H,SO, for 30 minutes. The
catalyst was comprised of 9.9 gm of K.SO,, 80 mg selenium, and 410 mg CuSO..
Then, 75 ml distilled water and S0 ml 38% NaOH (w/w) was added. The sample
was titrated with 0.1 N HCI using bromcresol green as the indicator with green as the
endpoint color.

- Fat was determined by the Goldfisch Soxhlet Method (Randall, 1974). One gram of
dry sample was extracted for 4.0 hours in boiling petroleum ether.

- Ash was determined by burning sample at S50°C for 6 hours and then checking every
hour until no change in weight was detected.

- Percent water was determined by freeze drying the sample for 48 hours at -60 to -
80°C.

3.2.5 Anaerobic Biological Treatment

3.2.5.1 Short-Term Anaerobic Tests
Anaerobic biological treatment of retort water and a theoretical "combined” plant

effluent both before and after pH adjustment effluent were examined. A given volume of

each of these effluents was fed to a two-liter, completely-mixed, reactor every 24 hours. All
reactors and gas collection equipment were maintained at 35°C in an incubator. A schematic

of the reactor design is shown in Figure 2.

The reactors, designated A, B, C, and D, treated the following process wastewaters:

A - retort water, B - retort water after coagulation by pH adjustment, C - combined effluent,

and D - combined effluent after coagulation by pH adjustment. Reactors B and D were
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operated to compare the relative degradability of the wastewaters after coagulation by pH
adjustment.

The combined plant effluent contained retort water, Harris claw reel wash water,
Harris claw brine bath and Harris claw meat conveyor wash water in a 1:1:1:3 volumetric
ratio. The combined effluent was formuiated to represent the typical daily process '
wastewater discharged from plant #2, as determined in the preceding characterization study.

To obtain feed B, the initial pH of a five gallon portion of feed A was decreased from
8.1 to 4.0 with concentrated sulfuric acid. The contents were stirred slowly for fifteen
minutes with a metal paddle to induce flocculation. The solids were then allowed to settle
for one hour. The supernatant was decanted and the pH was adjusted to 7.0 with 6N sodium
hydroxide. Feed D was made from a five gallon volume of feed C in an identical manner.
All feed was kept at 4°C until use. At that time, the necessary volume of feed was warmed
to 35°C before being transferred to a reactor. The total COD, TSS, and VSS of the feeds
were monitored to track degradation during storage.

The four reactors were operated at approximately 4,000 mg/L of mixed liquor volatile
suspended solids (MLVSS). To achieve this MLVSS concentration, the reactors were seeded
with 0.4 liters of anaerobically stabilized municipal sludge from Peppers Ferry Sewage
Authority. A volume of 1.6 liters of warm tap water was added to this to bring the final
volume to 2.0 liters. The tap water was purged with pure nitrogen gas to remove dissolved
oxygen prior to mixing with the sludge. To buffer against upsets during start up, 4.0 grams
of calcium carbonate was added to each reactor.

The appropriate volume to feed and waste from each reactor every 24 hours was
based on food to microorganism ratio (F/M). Units for F/M values were 1b COD/1b
MLVSS/day. The feed volume was calculated as follows:

feed volume/day = (F/M)(reactor volume)(MLVSS) ©)
(total COD of feed)

where: feed volume = ml
F/M = 1/day
reactor volume = ml
MLVSS = mg/L
total COD = mg/L.
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For the first ten days, systems A and B operated at a F/M of 0.3 and systems C and
D operated at an F/M of 0.2. During this time, indications of reactor failure appeared. The
PH and total alkalinity of each system dropped and the soluble COD steadily increased in the
effluent. The decision was made to operate reactors A and B at a F/M of 0.15 and reactors
Cand D at a F/M of 0.05. After the loadings were reduced, conditions in the systems
stabilized.

In order to maintain a constant 2.0 liter reactor volume without losing biomass during
wasting, stirrers were turned off for 30 minutes and the biomass was allowed to scttle. The
appropriate volume of effluent was wasted from the reactors each day through a glass outlet
tube. To accomplish effluent removal, valve #2 was closed as shown in Figure 2. Valve #1
was then opened and pressurized nitrogen gas was forced through the inlet tube in the top of
each reactor. Value #3 on the outlet tube was then opened. The pressure produced in the
reactors forced the effluent through the outlet tube and into a collection flask. After the
proper volume of effluent was wasted, the nitrogen gas was cut off and valves #1 and #3
were closed while valve #2 was reopened. This procedure prevented free oxygen from
entering the system during wasting and feeding.

The systems were operated for a total of 55 days. Reactors A and B were operated at
a F/M of 0.15 from day 11 to day 31. The soluble COD in the effluents of these reactors
decreased during this period. As a result, the F/M was increased to 0.25 for day 32 to day
55. Reactors C and D were operated at a F/M of 0.05 from day 11 to day 55.

The mean cell residence times (MCRT) for reactors A and B were 153 days and 149
days, respectively, before day 31, but changed to 136 days and 132 days, after day 31. The
MCRTs for reactors C and D were 109 days and 101 days, respectively. The hydraulic
retention time (HRT) for all reactors was 18.2 days except for reactors A and B after day 31
where it decreased to 12.5 days.

The temperature and total gas volume produced by each reactor were monitored daily.
Every two days, pH, MLSS, MLVSS, and alkalinity were measured in each reactor. The
following tests were done on the feeds and the effluents from each system at intervals
necessary to track performance: TSS, VSS, total BOD;, total COD, soluble COD, TKN-N,
NH.-N, TP, calcium, magnesium, potassium, and sodium. Also monitored were the
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following four volatile acids: acetic acid, propionic acid, isobutyric acid and n-butyric acid.
3.2.5.2 Long Term Anaerobic Tests

Anaerobic treatability studies were performed to determine the effectiveness of this
method in achieving a reduction in the organic matter of the process waters.

The reactor vessel was made from a 4 1 high density polyethylene (HDPE) bottle.
The reactor top was plugged with a size 13 rubber stopper, through which two 1/2 in glass
tubes were fitted. This allowed feeding, capture of biogas, and sampling of effluent, while
maintaining an anaerobic environment in the reactor. The effluent/feeding tube was
connected to a 1 ft length of 1/2 in Tygon® tubing which was clamped off at all times except
during feeding and sampling. The biogas was passed though Tygon® tubing to the collection
system. This consisted of a calibrated 4 L. HDPE bottle which was filled with water and
inverted in a water bath. The biogas tubing was passed into this bottle, and its volume was
measured via water displacement. Figure 3 shows a schematic of the reactor setup.

All wastewaters treated in this experiment were taken from the Graham and Rollins
processing facility located in Hampton, VA, Retort wastewater was obtained by collecting
the process flow 1n a 5 gal HDPE bucket held under the retort waste outlet. The
wastewaters from the Harris Claw reel wash, brine bath, and conveyor wash operations were
collected in similar manners. Once obtained, the feeds were stored at 4°C in HDPE
containers until used. Total COD of the feed was monitored during storage to check for
degradation.

Four reactors were operated over the course of the study. Reactors A and B treated
retort water and were maintained at food to microorganism (F/M) ratios, stated in units of 1b
COD/Ib MLVSS/day, of 0.35 and 0.25, respectively. Reactor A was operated at an F/M
ratio of 0.40 from day 1 through day 40, but the ratio was decreased to 0.35 after reduced
treatment was observed. Reactors C and D, meanwhile, were fed a mixed wastewater, the
composition of which was based on daily production flows determined for the processing
facility. These reactors were maintained at F/M ratios of 0.10 and 0.07, respectively. The
wastewaters from the Harris Claw reel wash, brine bath, and conveyor wash operations were
combined with the retort process water in a 2.0:4.9:8.6:3.4 ratio to make this mixed
wastewater. Reactor A had been operated at F/M ratios of 0.15 and 0.25 over a total of 55
days prior to the beginning of this study. Similarly, reactor C was operated at an F/M ratio
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of 0.05 for a period of 55 days prior to the beginning of this study. For these reactors, day
1 is the first day on which the F/M ratio was increased to the levels tested in this study. In
the case of reactors B and D, day 1 is the day on which the reactors were started.

The F/M ratios were used to determine the volumes that were wasted from and fed to

the reactors on a daily basis. These volumes were calculated as follows:

feed volume/day = reactor volum LV (10)
(total COD of feed)

where: feed volume = mls
reactor volume = mls
MLVSS = mg/L
total COD = mg/L

In an attempt to achieve a start-up mixed liquor volatile suspended solids (MLVSS)
level of between 3,000 and 4,000 mg/L, each reactor was seeded with 0.4 liters of
anaerobically stabilized municipal sludge. This was obtained from the Peppers Ferry Sewage
Authority treatment plant. This was added to 1.6 liters of warm tap water, which had been
purged with pure nitrogen in order to remove any dissolved oxygen, for a total reactor
volume of 2.0 liters. Calcium carbonate, in the amount of 4.0 grams, was added to each
reactor to guard against upset during start-up.

In order to maintain a relatively constant temperature, the reactors were kept in an
incubating cabinet at approximately 35°C. This temperature was chosen in order to maintain
the reactors in the mesophilic range recommended for anaerobic digestion (McCarty, 1964).
The reactors were maintained in a continuously-mixed state through the use of magnetic
stirrers. These stirrers were turned off only for a period of 45 minutes to an hour prior to
the daily wasting and feeding of the reactors to minimize the loss of MLVSS. This settling
period was increased to 1 hour for reactors C and D after the MLVSS concentrations in each
began to decrease.

After the settling period, valve 2, referring to the schematic in Figure 3, was closed
and valves 1 and 3 were then opened. Pressurized nitrogen gas was then fed through the
inlet fube and was used to force the appropriate amount of waste out of the reactor through
the effluent tube where it was collected in a graduated cylinder. The nitrogen gas was then
disconnected. The amount of feed needed to maintain the desired F/M ratio was then poured
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into the reactor through the effluent tube, and valves 1 and 3 were closed. Finally, the
stirrer was turned on and valve 2 was opened.

Due to changes in the MLVSS concentrations of the reactors and in the strength of
the wastewater used as feed, the hydraulic retention times (HRT) of the reactors varied
considerably over the course of their operation. Average HRTs
for reactors A, B, C, and D were found to be 12.2, 18.7, 36.3, and 32.4 days, respectively.

Reactor performance was tracked by monitoring temperature, biogas production
volume, pH, alkalinity, and MLVSS. In addition, concentration levels of the following
factors were determined for both the feeds and the reactor effluents at intervals necessary to
define reactor health and treatment effectiveness: total and soluble BOD;, total and soluble
COD, total and volatile suspended solids (TSS and VSS, respectively), Total Kjeldahl and
Ammonia Nitrogen (TKN-N and NH;-N, respectively), Total Phosphorus (TP), and the
cations, calcium, magnesium, potassium, and sodium,

3.2.6 Air Stripping Experiment

These experiments were carried out in order to assess the effectiveness of this
technology in achieving the removal of the ammonia present in the retort process effluent.
Figure 4 shows a schematic of the air stripping tower design.

The tower was constructed from three sections of 5/8 in thick PVC pipe with an
inside diameter of 18 in. PVC piping was chosen for its heat and chemical resistance
properties. The base of the tower was constructed from a 2.5 ft section of the pipe which
was secured to a 20 in square Plexiglas base with a thickness of 5/8 in. The joint was sealed
with a silicone-based caulk to prevent leakage. A shelf of 1 in chicken wire was inserted
into a 6.5 ft pipe section and was held in place with a PVC support ring. By using this type
of packing support, adequate strength was supplied, while back pressure was kept to a
minimum. The 6.5 ft section was then inserted into the flanged top of the first section and
filled to a 6 ft depth with 2.3 in LANPAC® packing material. This depth was chosen based
on calculations using equations (3) through (8) and was based on an influent ammonia
concentration of 160 mg/L and a desired 95% removal rate, together with a liquid flow rate
of 1.2 GPM, an air flow rate of 500 cfm, and a minimum water temperature of 15°C.,
Calculations of this packing depth are presented in Appendix B. A 1 ft section of the pipe
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was then attached to the top of the tower in order to prevent splashing when the blowers
were in operation.

The wastewater was pumped from a HDPE holding basin by a centrifugal pump
resistant to temperatures up to 93°C and pH levels up to 11. In order to prevent damage
from higher pH levels, the pump was flushed with tap water after use. This pump was
powered by a 0.04 hp motor. A combination of high temperature 0.75 in diameter PVC
piping and Tygon® tubing was used to transport the water from the basin to the high
temperature PVC distribution system at the top of the 6.5 ft section,

The tower was of a countercurrent design with the air supplied by two two-speed
blowers which were both operated at their high speed setting and generated a combined air
flow-rate of approximately 500 cfm. These were attached to the base of the tower via 4.25
in by 8.5 in galvanized steel ducts inserted into ports in the side of the bottom section. The
treated wastewater left the tower via two 0.75 in ports located in the side of the base section.

The wastewater used in the testing of the tower was collected in a 5 gal. HDPE
bucket held under the retort process waste outlet. Although every attempt was made to
recover the entire retort waste stream, a small percentage was lost. It is believed, however,
that a representative sampling of the stream was recovered.

This water was then transferred to the holding basin where pH adjustmepts necessary
for the different tests were done using 50% NaOH w/w (weight ratio). The pH of the waste
was checked using a Fisher Model 160, portable pH meter with a glass electrode probe.
After the pH of the waste in the basin was adjusted, the basin was covered in order to
minimize ammonia loss before treatment.

After the waste was brought to the appropriate pH level, ranging from 10 to 12.2
depending on the trial, the pump was primed and the tower was allowed to operate until a
comnsistent effluent flow-rate was observed (approx. 10 minutes). Flow-rate was determined
by measuring the time required for the tower effluent to fill a calibrated bucket. The three
flow-rates considered in the trials were 0.6, 1.2, and 2.2 gal/min.

Once a constant flow rate was observed, grab samples of both influent and effluent
were taken at 5 minute intervals. Influent and effluent temperature readings were also taken
at these intervals in order to determine any cooling benefits of the air stripping process. In

order to track the tower performance over the course of each trial, individual effluent
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samples were taken within 30 seconds of the corresponding influent sample. In addition,
samples of the retort effluent were taken prior to pH adjustment to ensure that the tower
influent ammonia levels were consistent with the retort effluent levels. All samples were
taken and stored in 500 ml HDPE bottles and were acidified to PH < 2 through the addition
of 15% sulfuric fuming acid. The samples were transported to Virginia Tech Environmental
Engineering Laboratory where ammonia levels were determined according to the Standard
Merhods (1992) procedure stated in the previous section.,

The efficacy of the treatment scheme was determined through the comparison of the
tower effluent and influent (retort wastewater after pH adjustment). To ensure that the main
portion of the ammonia removal occurred as a result of the air stripping process and not the
PH adjustment itself, occasional samples were also taken of the retort process waste prior to
the pH adjustment and compared to the tower effluent.

In order to the examine the potential benefits of operating two towers in series, two
trials were conducted. In the first, conducted at pH 12.2, the tower effluent from one test
was collected, combined in a 3:1 ratio with a portion of that test’s influent, and used as the
influent for the tower. This combination was attempted in order to test the potential benefits
of increasing the temperature of the effluent before recycling it through the tower. In the
second, performed at pH 11.0, the effluent was collected and run back through the tower
without any mixing. Samples from these tests were taken, preserved, and analyzed, as
described above.

The trials were geared toward determining the effects that changes in three variables
would have on the tower performance, These factors were influent temperature, pH, and the
air-to-water ratio at which the tower was operated. This last parameter was adjusted by
varying the input liquid flow rate. The values of the operating parameters for each test are
summarized in Table 8. The trials are presented in the order in which they were performed.

In all tests the air flow rate was held steady at approximately 495 - 500 CFM. This
flow-rate was calculated by multiplying the average air speed through the tower, measured
across the tower diameter, by the area of the tower opening. The average air speed was

measured with 2 TSI Model 1650, air velocity meter.
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Table 8. Influent variables for air stripping tests.

Liquid Flow

Air-To-Water Influent
TRIAL pH Rate GPM Ratio Temperature
ft/gal oC
| 1 I 11.0 2.2 225 56
2 11.0 1.2 412 58
3 10.0 1.2 412 59
4 % 11.1 1.2 412 65
5 12.2 0.6 825 58
6 12.2 0.6 825 20 "
7 12.2 0.6 825 50
8 || 11.0 0.6 825 58
9 11.0 0.6 825 20 "
10 10.0 0.6 825 58 ||




3.3  Analytical Procedures
All samples were analyzed in accordance with Standard Methods with the following

exceptions and notations:

- BOD;, samples were not seeded with the exception of those used in the acidification
treatability study. With the acidified samples, the pH was adjusted to approximately
7.0. Blanks and samples were then seeded with primary effluent from a municipal
activated sludge facility. Quality control samples made from a standard glucose-
glutamic acid solution were included.

- Chloride was determined by means of ion chromatography (Dionex model 20101
chromatograph) with a cross-linked polystyrene/ divinyl benzene column, flow rate of
2.0 ml/min and pressure of 1,000 psi.

- Total phosphorus was determined using the ascorbic acid method with persulfate
digestion. Absorbance values were determined with a Beckman DU-6
spectrophotometer at a wavelength of 880 nm.

- Volatile acids were determined with a Tracor 560 gas chromatograph equipped with
flame ionization detection and a polar Carbowax 20M column. Nitrogen was used as
a carrier gas with a flow rate of 3.8 ml/min. The injection port and detector were set
at 200°C and the oven temperature was 120°C. The run time was 6 minutes and was
isothermal. All samples were acidified with concentrated formic acid at 0.01 mi/ml.

- Calcium, magnesium, potassium and sodium were determined with a Perkin-Elmer
703 Flame Atomic Absorption Spectrophotometer. Samples were acidified with
concentrated nitric acid. Standard lanthanum chloride solution was added to calcium
and magnesium samples and standard cesium chloride solution was added to
potassium and sodium samples to minimize ionization of the tested metals in the
flame.

- Alkalinity of anaerobic reactor contents was determined by titration of 25 ml samples
with 0.10 N H,SO, to a pH of 4.3.
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4.0 RESULTS AND DISCUSSION

The results of wastewater characterizations for three blue crab processing facilities in
Virginia are presented in this chapter along with the results of treatability studies on the
process effluents. Treatment alternatives investigated include gravity settling, filtration,
coagulation by pH adjustment and anaerobic biological treatment. Analysis of sludge
resulting from coagulation of retort effluent was also examined for its potential as a useful
byproduct.

4.1 Plant Process Characterization

The results of the effluent characterizations from three blue crab processing plants are
shown in Table 9 and Table 10. The characterization studies were done between July 1990
and July 1991. Overall, plant characterizations were done in plant #1 and plant #2. Retort
water was also characterized at plant #3. The given flows and volumes correspond to the
pounds of finished crab meat product processed during that day of production. The
exception is for retort water, which is represented in terms of pounds of live crab per cook.

During this study, the total daily process volumes never exceeded 20,000 gallons per
day (gpd) at plant #1 and never exceeded 10,000 gpd at plant #2. When no mechanized
processes (Harris Claw and/or Quik-Pik operations) operated during a day, the total effluent
volume was typically around 2,000 gpd. The daily process volumes were not measured at
plant #3.

The temperatures of the various process effluents, other than the cooker discharge,
were in an acceptable range (16-30°C). However, the temperature of the retort water ranged
from 64-91°C. The high temperature is of concern when discharging to receiving waters.
Some processors currently have NPDES permits which place limits on the discharge
temperature of their retort water (32°C). The high temperature also complicates biological
treatment methods since a cooling step would be required prior to discharge into a biological
system,

The pH of all effluents, with two exceptions, remained within regulatory discharge
limits of 6.0-9.0. On two occasions in the hand pick room of plant #1, pH values of 9.2 and
9.6 were measured and probably resulted from the use of a caustic floor cleaning agent.

This relatively high effluent pH would likely be neutralized during mixing with other process
wastewater before discharge.
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Table 9. Characterization of typical daily effluents
from three blue crab processing plants.

Process ___{gpm) {gal) °c
Type Plant Product How Volume ‘Temperature pH
Harris Claw 2 T 2380 18 650 30 75
Reel Wash 2 1535 23 540 - 24
2 160 . ) . -
Shell Waste 1 - 03 - n 84
Efflucnt 1 1,550 05 135 16 82
2 238 11 400 30 g1
2 1,535 22 520 - 19
2 760 - 370 . .
Harris Qlaw 1 - - 30 20 83
Brine Bath 1 1,550 - 230 19 82
2 2380 - i) k'] -
2 1,538 - 220 - 19
2 760 - 20 - -
Claw Meat 1 - 254 - n 84
Conveyor Wash 1 1,550 Bs 9,715 19 83
2 3,380 82 2,950 30 82
2 1,535 88 2,070 . 82
2 760 - 1,900 - -
Claw Room 1 - 18 - ) 86
Cleanup 1 1,550 - 520 18 85
2 2,380 - - -
2 1,535 13 16 - 85
2 760 - 360 - -
Quik-Pik 2 - 3 - 30 70
Bobber Effluent 2 750 25 960 - 73
2 490 - 80 .
- Quik-Pik Room 2 - - 30 14
Cleanup 2 750 - - . 18
2 490 - - -
Retort 1 * 1,800 - g 70 91 86
Efflyent 1 * 1,800 - 72 74 790
2 * 1,050 - - é 66
2 * 1,050 - @ 40 " 71
3 " 1,300 - @ 50 - -
3 * 1,300 - @ 50 - -
Hand Pick 1 - - - - 94
Room Cleanup 1 - - 280 18 92
2 920 - 230 - -

The * denotes pounds of live erab per cook, all other weights are of final product,
The @ denotes gallons produced per cook
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Table 10. Characterization of typical effivents from
three biue crab processing plants.

Process _ — (mp/L) - —_—
Typc Piant COD BOD-5 TSS VSS a  0&G TKN-N NH3IN TP
Harris Claw 2 2,145 >3,740 39% 3,400 620 - - - -
Reel Wash 2 2,940 2,710 12710 1,106 - - 400 14 42
2 15,410 >7,800 10,880 9,500 - - 2,400 100 135
Shell Wacte i 15,690 15350 18340 5160 11210 10 - - -
Effluent 1 23280 15,120 25,100 5420 - - 2260 33 190
2 13,005 >9.250 - - 100,160 . - - .
2 17250 13,500 13,740 2,660 - - 2,240 125 170
2 39,630 16,240 13415 1639 - . 3390 115 280
Harris Claw 1 14,980 7.000 17460 4390 14399 [ - - -
Brine Bath 1 21,510 15,000 31,540 8320 - - 3,060 190 270
2 - 7805 - - 135020 - - - -
2 17,450 14,000 14970 4270 - - 2330 110 230
2 15870 8925 126M 3740 - - 1,775 80 160
Claw Meat 1 570 265 445 410 3300 - - - -
Conveyor Wash 1 650 &40 650 540 - - 150 <10 7
2 1,790 1,020 585 55 15275 - - - -
2 2,520 2,040 936 480 - - 370 = 25
2 2625 1,790 1,170 75 - - 390 17 27
Claw Roox 1 3520 1,260 1,375 630 26,770 - - - -
Cleanup 1 900 - 3,050 2,790 - 210 <10 20
2 - - - - - - - - -
% 550 420 550 500 - - 160 <10 8
Quik-Pik -2 9,755 7,000 5130 4490 550 - - - -
Bobber Effluent 2 16,460 12,690 5,440 5,040 - 260 1,030 28 34
2 2,655 16,980 12000 10,860 - - 2,000 53 31
Quik-Pik Room 2 - - 1,100 880 510 - - - -
Cleanup % 620 410 410 310 - - 50 <10 7
Retort 1 2,940 27350 1,790 1550 6,170 2 - - -
Efflueat 1 35,240 - 6,200 4,710 - 10 3,940 160 i85
2 29,000 28,500 1,460 1305 5,100 - - - -
2 21,510 17,380 1,010 o910 - 50 2,240 70 102
3 ! 18,780 653 535 - - - - -
3 13,720 1,980 1,640 - - 2510 130 160
Hand Pick 1 1150 L.510 2610 1975 an - - - -
Room Cleanup 1 4980 3,075 1,660 1,080 - . 180 <10 110
2 3,680 2,480 1,240 1,000 - - prai] 10 125




Tables 10 and 11 show that blue crab processing typically produces relatively
concentrated wastewaters. Similar results have been found by other researchers (Brinsfield,
1977; Carawan et al., 1979; Chao et al., 1983; Hanover et al., 1975; Hom and Pohland,
1973; Johnson and Gallanger, 1984; Wheaton et al., 1984). For ¢xample, effluent
concentrations were as follows: BOD, = 265-28,500 mg/L, TSS = 410-33,400 mg/L, TKN-
N = 50-3,390 mg/L, NH;-N = < 10-330 mg/L and TP = 7-320 mg/L. The high BOD;
and TSS values are of concern because they are currently regulated by the Virginia SWCB.
The high ammonia values are a problem because it is expected that they will soon be
regulated. High TKN-N and TP concentrations are also of concern to processors discharging
to POTWs because new surcharges for these constituents will be implemented in July 1992.
In the Hampton Roads Sanitation Disn*ict (1992 rate schedule), industries will be required to
pay surcharges for phosphorus in excess of 6 mg/L at a rate of $114.00 per hundred pounds
and for TKN-N in excess of 35 mg/L at a rate of $31.13 per hundred pounds. Currently,
BOD, and TSS surcharges in excess of 250 mg/L are $20.65 and $23.55 per hundred
pounds, respectively.

The COD values were only slightly larger than the BOD; values in most cases and the
VSS typically constituted a very high percentage of the TSS. The BOD; was 32-98% of the
COD, and the VSS was 19-93% of the TSS. The results imply that the wastewater consisted
largely of highly degradable organic matter.

The Harris Claw process displayed a great variability in effluent quality between and
within the plants. The variability of this process may be related to time of year and location
in which a particular batch of crabs was harvested, and whether they were put through the
tumble spray washer upon arrival,

Only plant #2 actively used the Harris Claw reel washer during the site visits. This
effluent was highly concentrated with organic matter. The COD of this wastewater ranged
from 2,940-15,410 mg/L and the VSS was 85-88% of the TSS.

The Harris Claw shell liquid and brine bath contained extremely high chloride
concentrations (100,000-144,000 mg/L). The brine bath was kept approximately 70%
saturated with sodium chloride to maintain efficient separation of the meat and shell
fragments. On one site visit to plant #2, it was noted that 3,440 pounds of salt were used to

produce 2,250 pounds of claw meat. The high chloride concentrations are of concemn
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Table 11. Typical effluent loadings from
three blue crab processing plants.

Process b4/1,000 lbs et

Type Plant COD BOD-5 TSS Vi3S Cl Q&G TKN-N NH3-N Tr
Harris Claw 2 208 >0 9240 7.7 14 - - - -
Reel Wash 2 86 81 37 32 - 12 0.04 Q.12
2 65.0 >33 466 407 - - 103 043 058

Shell Waste 1 169 11.0 182 39 - - 1.6 024 0.14
Effluent 2 18.2 >13 - - 140 - - - .
2 488 sl 3338 75 - - 63 035 0.48

2 161.1 659 1357 665 - - 138 0.47 114

Harris Claw 1 26 186 0 103 - - 38 @24 033
Brine Bath 2 . 64 - - 104 - - - -
2 209 16.7 179 51 - - 28 .13 027

2 383 2158 306 90 - - 43 0.19 039

Claw Meal 1 M0 335 345 282 - - 78 < 52 037
Conveyor Wash 2 185 105 60 37 158 - - - -
2 283 29 105 54 - - 4.2 0.25 028

2 519 354 3.1 153 - - 7.7 0.3 053

Claw Room 1 25 - 85 78 - 0.6 < 03 0.05
Cleanup 2 04 03 04 03 - - a1 < 01 0.01
Quik-Pik 2 175.7 1355 58.1 538 - 17 lig 0.30 250
Bobber Efflucnt 2 1413 809 57.2 518 - - a5 0.25 153
Retort ** 1 10.7 89 0.6 05 22 0007 - - -
Elffiuent i 118 - 21 16 - 0.003 13 0.05 0.06
2 80 6.5 04 03 - 0019 08 0.03 0,04

3 100 60 02 0.2 - - - - -

3 17 4.4 0.6 035 - - 08 0.04 Q.05

Hand Pick 2 13 49 5 20 - - 05 0.02 025

Room Cleanup

** All units arc 1b5/1,000 s product except for retort water which are [bs/1,000 {bs of live aab.



because of the potential toxicological effects to microorganisms in biological treatment
systems.

The shell waste effluent and the brine bath contained the highest TSSs of any effluent.
The VSS concentration was also high since significant quantities of meat particles remain
uncollected by the meat conveyor. These effluents contained a relatively large percentage of
non-volatile suspended solids. The VSS concentration was only 19-30% of the TSS
concentration (49% in one case). In comparison, the Harris Claw reel wash VSS
concentration comprised 85-88% of the TSS concentration. The Harris Claw reel wash
effluent differs in that no salt is added at that stage of the process and the claws are not yet
shattered in the hammer mill. The non-volatile suspended solids in the shell waste effluent
and brine bath resulted from inert shell components (crab scrap is 40-50% calcium
carbonate) and precipitated sall. |

The claw meat conveyor wash effluents displayed high variability. The differences
result from plant #1°s use of four to five times more conveyor wash water to process the
same amount of product. However, the loadings per 1,000 pounds of product from each
plant for this effluent were approximately the same because the high volume effluent was
more dilute (Table 12). In the plants that used the Harris Claw process, the claw meat
conveyor wash water produced a greater effluent volume (1,800-9,715 gpd) than any other
process. Since this effluent is relatively dilute, it offers potential for use in diluting some of
the more concentrated effluents for biological treatment (especially for plant #1). However,
the character of this relatively dilute effluent substantiaily exceeds permit limits and still has
chloride concentrations that could be inhibitory/toxic in the wrong environment (3,100-
15,275 mg/L).

The Quik-Pik process was used in plant #2 only during days of very high production
to support the hand pick operations. The Quik-Pik bobber produced the only substantial
effluent stream from this process. The bobber effluent was extremely concentrated (BOD; =
7,000-16,980 mg/L, TSS = 5,130-12,000 mg/L, TKN-N = 1,030-2,000 mg/L and TP =
235-320 mg/L) and contributed 2-16% of the total plant effluent COD loadings when in use.
The bobber effluent was also the only plant process with significant concentrations of oil and
grease (260 mg/L}. The Quik-Pik operations resulted in greater wastewater loading than
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Table 12. Average loadings and volumes from each
effluent per 1,000 pounds of final product.

Process (71000 15) {15100 1b) (zal/1000 16)
Type Plant COD T3S Volume

Hamis Claw 1 - - -

Reel Wash 2 s 198 - : 380
Shell Waste 1 170 182 g7

Effluent 2 B3.7 6.0 330
Harris Claw 1 25.6 390 460
Brinc Bath 2 286 32 450
Claw Mecat 1 340 329 6270
Conveyor Wash 2 29 132 1,625
Quik-Pik 1 - - -

Bobber Effluent 2 1585 28 925
Retort 1 *113 *13 * 40
Effluent 2 96 *08 ~ 40

Cleanup Processes (Ib/day) (Tb/day) (gal/dav)

Claw Room 1 25 835 530
Cleanup 2 15 40 350
Quik-Pik Room 1 - - .

Cleanup 2 15 40 360
Hand Pick 1 73 25 280
R.oom Cleanup 2 7.0 25 250

* Retort effluent results sre per 1,000 pounds of live crab.
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hand pick operations because the viscera of the crab are incorporated into the wastewater in
the Quik-Pik operation whereas the viscera go to the solid waste stream during hand picking.

The retort water was studied in more detail than other processes because it was
produced in all plants and it was typically responsible for a significant percentage of the
COD waste loadings from each plant (39-99%). It should be noted that the values in Table
10 are per cook of live crab. Each of these plants will typically have 6 to 20 cooks per day.
This corresponds to a daily retort water volume of 400-1,000 gallons. The retort effluent
character and volume remained very consistent within and between each plant. BOD;
concentrations were greatest in the retort water, ranging between about 14,000-30,000 mg/L.
The TKN-N, NH,-N and TP values were also very high. The suspended solids values,
however, were typically lower than most other processes (TSS = 650-2,000 mg/L).

The character of the retort effluent changed over a cooking cycle. A typical cooking
cycle lasted 20-30 minutes. The retorts took approximately t0 minutes to reach 15 psi; the
crabs are then cooked for 10 minutes followed by a cool down period. As the cook cycle
proceeded, the TSS decreased, the BOD; increased and the discharge changed from liquid to
steam.

Representative effluent volumes and concentrations for the Harris Claw cleanup, the
Quik-Pik cleanup and hand pick cleanup were the most difficult of any process to obtain. In
some of these process rooms, as many as five different hoses were used during cleanup. The
runoff from these hoses often flowed into several different drainage channels and the
character of the cleanup water changed continuously during wash down. The quantity of
water used for wash down also varied each processing day. This variation was probably due
to such factors as the individual doing the wash down, how dirty the process room had
become, and the particular plant studied. Typically, grab samples were taken near the
beginning of cleanup and the quantity of water used was determined by flow meters or by
timing the use of hoses for which the flow rate had been previously determined. Composite
sampling methods should be performed to obtain more reliable results in the future. Cleanup
wastewater contributed 3-8% of the COD waste load from plant #1 and 2-6% from plant #2.
However, the cleanup wastewater contributed 5-44% of the wastewater volume from plant #1
and 11-26% of the wastewater volume from plant #2. The cleanup wastewater contributed
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the largest percentage to the total wastewater volume when the mechanized processes were
not in operation.

Table 12 shows the average COD and TSS loadings and volumes from each effluent
stream for plants #1 and #2. The loadings and volumes are presented in pounds or gallons
per 1,000 pounds of final product except for retort effluent which is presented in pounds or
gallons per 1,000 pounds of live crab. The process cleanup wastewater loadings and
volumes were presented in pounds or gallons per day based on the assumption that the daily
cleanup volume and loadings are independent of the amount of product processed. Plant #1
did not havé Harris Claw reel wash, Quik-Pik bobber or Quik-Pik cleanup wastewater
streams.

A comparison of the loadings and volumes produced per 1,000 pounds of product by
"equivalent™ wastewater streams at plant #1 and plant #2 show similar results with a few
exceptions. First, almost four times more Harris Claw conveyor wash water was used at
plant #1 to wash the same amount of product. No studies were performed to compare the
quality of the resulting claw meat products from these two plants.

Second, the shell waste effluent COD loading and volume from the Harris Claw
process were four to five time greater at plant #2. The increase was probably due to
relatively different mechanical operation of the shell removal conveyor belts at each plant.
The conveyor at plant #2 brought a larger wastewater volume out of the brine tank than at
plant #1 even though the average COD concentrations in the shell waste effluent were very
similar. The increased effluent volume resulted in a relatively larger effluent COD and TSS
loading at plant #2.

The average COD loading from the Harris Claw process was 77 and 177 1b/1,000 1b
of final product at plant #1 and plant #2, respectively. The COD loading on a per weight
basis was greater at plant #2 because of the additional Harris Claw reel wash effluent and the
larger shell waste effluent volume. Interestingly however, the average Harris Claw process
effluent volumes were much greater at plant #1 due to the large volume of Harris Claw
conveyor wash (6,590 and 2,790 gallons/1,000 1b of final product at plant #1 and plant #2,
respectively).

Wastewater volume and strength from crab processing plants varied considerably

during the year due to seasonal variations in the plant production rate. Average daily total
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effluent volumes at plant #1 based on two years of production data are shown in Figure 5.
Average daily total COD and total TSS waste loads from plant #1 are shown in Figures 6
and 7.

The flows and loads were normalized over 30.5 days/month. That is, the results are
presented as if the plant processed a constant amount every day of the month. On any given
day, the process load and volume could be higher than the average. In the spring and fall,
the plant operated about ten days per month, but the averages were calculated as if they
operated 30.5 days/month. In the summer, a given daily process volume and load would be
close to the average since the firm processed nearly every day during that period.

Peak wastewater flow occurred at plant #1 during August at 11,960 gal/day. Peak
COD and TSS loads occurred in August at 254 and 173 1b/day, respectively. The plant did
not operate from January through March.

The Harris Claw process and cleanup contributed 79-95% of the wastewater volume
from June through October when it was used at least 17 days a month. The operation
contributed 13-52% of the COD and 70-91% of the TSS during the same period. The
remaining wastewater consisted of the retort effluent and the hand pick cleanup. The results
indicate that the Harris Claw process contributed the majority of the wastewater volume and
TSS load at plant #1, but the COD load results primarily from the retort effluent.

The total effluent COD concentration from plant #1 was calculated to range from
2,500-3,700 mg/L from June through October when the Harris Claw process was used
heavily. The total effluent COD concentration increased to 5,500-16,500 mg/L during
months when the Harris Claw process was used less than 14 days per month. The
concentration increase resulted from the decreased use of the Harris Claw process and the
corresponding decrease in dilution effects from the Harris Claw conveyor wash.

Average daily total effluent volumes based on three years of production data (four
years for retort data) for plant #2 are shown in Figure 8. The average daily total COD and
total TSS waste loads from plant #2 are shown in Figures 9 and 10. These volumes and
loads were also normalized over 30.5 days/month. Plant #2 operated all year long with the
exception of the Quik-Pik process which was typically suspended from January through May.
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5. Average daily effluent volume from plant #1.
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Peak average wastewater flow occurred in August at 6,050 gal/day and the minimum average
flow was noted in February at 680 gal/day. The peak COD and TSS loads occurred in
August at an average of 555 and 181 Ib/day, respectively, and the minimum loads in
February at an average of 54 and 17 lb/day, respectively.

At plant #2, the Harris Claw process and claw room cleanup contributed 70-79% of
the wastewater volume, 43-61% of the COD load and 70-88% of the TSS load during the
year. The retort effluent and hand pick cleanup contributed 20-30% of the wastewater
volume, 32-49% of the COD load and 11-19% of the TSS load. Finally, the Quik-Pik
process and cleanup contributed 0-9% of the wastewater volume, 0-15% of the COD load
and 0-18% of the TSS load. The results indicate that the Harris Claw process contributed
the majority of the wastewater volume and TSS loading, but only about half of the COD
load. The more concentrated retort and Quik-Pik effluents add considerably to the COD
load.

The total effluent COD concentration from plant #2 was calculated to range from
9,000-11,800 mg/L during the year. The total effluent concentration was typically higher at
plant #2 than plant #1, and the effluent volume lower because a much larger volume of
Harris Claw conveyor wash was used at plant #1. As expected, the average daily COD and
TSS loadings were greater at plant #2 even though the Harris Claw process produces less of
load on a per weight of product basis than plant #1. The reason for the greater loading at
plant #2 is that more crab meat was processed at plant #2 on an average daily and yearly
basis and the additional Quik-Pik process was used during the year.

4.2  Treatability Studies

The three blue crab processing plants currently have no liquid waste treatment
systems other than screens in some drains and hand sinks to capture large solids. The
facilities discharge all effluent overboard intc water bodies adjacent to the plant. Some dilute
cleanup effluents from plants #2 and #3 discharge to municipal treatment systems. Certainly,
a rigorous study of pretreatment and treatment alternatives for these effluents must be
investigated. Some treatment studies are presented herein, including gravity settling and
filtration of the major process effluents, coagulation by pH adjustment of the more
concentrated effluents and anaerobic biological treatment of retort water and combined

effluent. The treatability studies were performed from July 1991 to April 1992.
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4.2.1 Settling and Filtration Tests

Settling tests were done to see if sedimentation basins offer promise for reduction of
solids, degradable organics and nutrients. Results of the settling and filtration tests are
shown in Table 13. Settling appeared to work fairly well (TSS removals ranged from 40-
74 %) for effiuents that contained high initial solids concentrations such as those generated by
Harris Claw and Quik-Pik operations. However, final solids concentrations were still well
above current limits (TSS values ranged from 410-12,000 mg/L after settling). One very
important result is that settling removed littic COD and BOD; and is not a viable method for
reducing these parameters to meet limits. Only 3-36% of BOD;, 2-58% of the TKN-N and
3-33% of the TP was removed by settling.

Filtration tests were performed to examine the maximum treatment that would be
achieved by the removal of all suspended solids. Filtration of initial samples through glass-
fiber filters removed 18-65% of the COD, 9-49% of the BOD,, 9-62% of the TKN-N and
10-66% of the TP. Even after filtration, significant concentrations of BOD, and nutrients
remained (after filtration: BOD; = 1,260-17,000 mg/L, TKN-N = 180-3,040 mg/L and TP
= 22-270 mg/L).

The results from the settling and filtration studies indicate that substantial quantities of
soluble material are in these effluent and sophisticated and expensive solids removal
equipment may not be practical for meeting permit limits. The development of treatment
systems for these effluents should focus on biological and/or chemical treatment methods.
4.2.2 Coagulation by pH Adjustment

Coagulation by pH adjustment of samples with high concentrations of soluble organics
was evaluated on the basis of how well COD, BOD,, TSS, VSS, TP, TKN-N and NH,-N
were removed, The results of two trials are shown in Table 14. It was determined that a
pH range of 3.0 to 4.0 produced optimum removals in the retort effluent, brine bath and
claw reel wash. It should be noted that all samples were settled prior to pH adjustment so
that removals due to acidification alone could be determined. COD and BOD; reductions
ranged from 12-37% and 6-30%, respectively. TSS and VSS reductions ranged from 76-
93% and 76-92%, respectively. Over 90% removal of TSS were achieved for the Harris
Claw Brine Bath. Removals of TKN-N, NH;-N, and TP ranged from 0-24%. Coagulation
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Table 13. Settling and filtration of effluent
samples from a blue crab processing plant.

(mg/L) (mi/L)
DESCRIPTION COD BOD-5 Tss VSS  TKN-N NH3-N TP Set. Sol.
Harris Claw Reel Wash 15410 >7880 10880 9500 239 97 133 102
Sertled - 12335 >3900 2850 2450 1066 110 111 -
Filtered 8335 >3900 - - 916 9% T -
Shell Waste Effluent 9680 16240 A4 16386 3391 114 278 198
Settled 20645 12,533 11911 3357 - 2571 128 185 -
Filtered 17,135 9553 - - 2112 126 140 -
Brine Bath 15871 8%23 12667 3737 1M n 157 45
Settled 14080 7904 7,610 L7100 1491 76 i3l -
Filtered 11467 6867 - - 1,305 74 93 -
Claw Meat Conveyor Wash 2,663 1,792 11% TIS 388 17 4 12
Settled 2,137 1,461 430 25 269 25 X -
Filtered 2,059 132 - - piy. 19 2 -
Quik-Pik Bobber Effluent 29655 16980 12000 10860 1$98 53 321 ¥
Settled 22938 13725 5380 5240 1,435 46 271 -
Filiered 10,240 9,050 - - 1,025 49 110 -
Retort Efftuent (Trip #1) 31,040 18780 653 534 - - - 1
Scttied 25858 18181 624 97 3089 165 298 .
Fiitered 24,465 17000 - . 3038 163 269 .
Retort Effluent (Trip #2) 23921 1320 1980 1540 2511 13 157 -
Settied 21463 13,000 %0 645 2455 130 153 -
Fiitered 19497 12,400 - - 2m 12 124 -
Hand Pick Cleanup 3,680 2482 1238 1,000 149 10 123 24
Scttled 3128 1,585 452 356 218 9 112 -
Filiered 2508 1,262 - - 1% 9 91 -

Samples settled for 1 bour, thea [iltered through Whatman grade 934AH glass-fiber fters,
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Table 14. Removals resulting from coagulation by pH adjustment.

Coacentration {mgfL)
pH TSS VS COD BOD-5 TP TKN-N NHI-N

TRIAL #1 - 102391

Type: Retort Effluent
85 1,116 974 36,000 25290 194 4580 330
60 1.040 926 35,000 24,600 194 4,500 330
50 1 212 3710 7820 197 4420 255
40 266 25 31,550 2,440 180 4040 250
a0 1,560 1,440 3275 23425 181 4010 250
20 338 295 310 735 175 4140 260
Type: Harris Claw Brine Bath .
82 9,195 1,445 13925 6550 14 1845 %0
6.0 8,895 1435 13,625 6920 141 1813 bl
50 2,810 a5 12,725 6870 140 1,600 50
0 €90 90 10,980 $910 13 1475 &8
30 45 119 11,090 6,340 134 1,500 90
20 1,030 125 11,080 6,200 131 1,465 88
Type: Harris Claw Reel Wash
6.7 400 368 4,400 2860 69 630 130
60 37 355 4,400 2835 6 630 126
50 126 17 2800 2105 65 555 118
40 50 446 2800 2,030 62 525 115
0 86 80 3,000 2105 64 540 118
20 487 467 3,100 275 67 615 11&
TRIAL #2-11/25/1
Type: Retort Effivent
50 1 £06 7,860 4725 36 556 33
40 340 300 57190 4,115 o] 773 3%
30 122 o] 4965 36 n7 3
20 121 9% 5,540 4,020 38 773 30
Type: Harmis Claw Brine Bath
83 8,990 1,360 11,580 6410 80 1546 97
50 1325 365 9815 6410 % 13 9%
40 920 190 8,825 5840 81 1297 a7
30 1,050 120 1390 5,775 72 1,279 96
Type: Harris Claw Reel Wash
13 1170 1,050 5,955 3815 62 580 .t
5.0 93 47 4,960 2,780 59 516 32
40 58 19 4,260 25615 &0 518 31
3.0 g 78 kX7 2660 58 483 29

Daca in the first row of each effluent type is the control with no pH adjustment.
All tests were done with previously settied samples from plant £2
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may be an effective pretreatment method for some of these effiuents, particularly the Harris
Claw brine bath and shell waste effluents. The Quik-Pik bobber effluent was not studied, but
may also be treated effectively with coagulation by pH adjustment because it had high initial
TSS concentrations.

The results of this study were similar to the resuits from the settling and filtration
experiments for the removal of suspended solids. Even with good removal of TSS, high
BOD; and nutrients remained. The finished effluents were still well above permit limits
(BOD; = 2,030-22,440 mg/L and TSS = 50-1,050 mg/L after acidification), but
acidification shows promise as a pretreatment method to reduce sewer surcharges. Also, the
sludge produced from the process may be marketable as a feed amendment, protein source or
flavor compound.

4.2.3 Retort Effluent Sludge Analysis

A proximate analysis of supernatant and resulting sludge produced by pH adjustment
of the retort effluent to pH 4.0 was performed. After removing all water, the retort effluent
was comprised of 41% crude protein, 26% ash and 33% other material including fat,
nitrogen free extract and acid digestible fiber on a dry weight basis. After coagulation, the
supernatant consisted of 33% crude protein and 56% ash as the major components. The
corresponding sludge was about 50% crude protein and 49% ash.

It 1s apparent from these results that crude proteins are the major constituent being
removed from the retort effluent during pH adjustment because there was a decrease in
percentage of protein in the supernatant on a dry weight basis. Also, the percentage ash on a
dry weight basis increased in the supernatant, as would be expected, since less crude protein
remains, However, even after coagulation, a significant quantity of crude protein remained
in the supernatant (33% on a dry weight basis) which helps to explain the high BOD, and
nutrient concentrations remaining in the effluent after nearly complete TSS removal.

The high percentage of crude protein in the sludge suggests that it may be a good
animal feed. However, there is concern over the composition of the ash which also
comprised a large percentage of the dried sludge. The composition of the sludge should

therefore be analyzed for inorganic compounds that could render it useless as a feed.
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4.2.4 Anaerobic Biological Treatment
4.2.4.1 Short-Term Anaerobic Tests

The performance of four 2.0 L anaerobic reactors treating retort effluent and
combined effluent, both before and after coagulation by pH adjustment, was monitored for
55 days. Alkalinity and MLVSS along with the total daily gas production and solubie,
efftuent COD for each reactor are shown in Figures 11-14. The F/M was increased from
0.15 to 0.25 on day 31 in reactors A and B because the soluble effluent COD was steadily
decreasing. After the loading was increased, the soluble, effluent COD remained steady,
ranging between 620-805 mg/L COD for reactor A and between 740-910 mg/L for reactor
B. The soluble, effluent COD fluctuated between 360-895 mg/L COD for reactor C and
between 550-1,070 mg/L in reactor D.

Efforts were made to maintain the MLVSS at 4,000 mg/L. The MLVSS in reactors
A and B remained fairly constant after day 31 at approximately 3,750 mg/L.. The MLVSS in
reactors C and D gradually decreased to 3,300 mg/L and 3,000 mg/L, respectively. The
decrease was probably due to both the low F/M of 0.05 and the high salt concentration.
Low F/Ms typically result in slow and dispersed growth of biomass. Also, high salt
concentrations inhibit coagulation and settling. The combination of low F/M and high salt
concentrations created a situation in which more MLVSS was lost in the effluent than could
be maintained in reactors C and D.

Average effluent VSS from reactors C and D were 334 mg/L and 382 mg/L,
respectively, whereas the average effluent VSS concentrations from reactors A and B were
123 mg/L and 136 mg/L, respectively. The effluent from reactors A and B was transparent
and yellow to green in color (average effluent TSS from reactors A and B were 156 and 194
mg/L, respectively) whereas the effluent from reactors C and D was opaque and gray to
black in color due to high effluent TSS (average effluent TSS in reactors C and D were 802
and 1,030 mg/L, respectively).

It should be noted that the influent to reactors C and D had Na* concentrations of
24,000 mg/L and 21,400 mg/L, respectively (3,400 mg/L and 3,240 mg/L Na* in A and B
influent). By day 55, the Na* concentration exceeded 9,000 mg/L in reactor C and 10,000
mg/L in reactor D. High salt concentrations are known to inhibit flocculation. Also, Na*
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Figure 11. Anaerobic treatment of retort effluent (Reactor A).

78



6,500 .
i F/M = 0.15 ; F/M =025 i
6,000 : o O
E : Gas Volume |
5500 — —
i MLVSS
i |
5,000 Alkelinity =
=) . —
\t’\n4,500 —_ Soluble COD
54,000 -
& 35500
:g -
© 3,000 :
- - ;
5 2,500 — :
9 - :
o 2,000 - :
ST i
1,500 — :
1,000 -
500 — -
0 I T | T I T I Ll '! T L l T l T I 1 1 Ll { T I 1
12 16 20 24 28 32 36 40 44 48 52 68
Day

Figure 12. Anaerobic treatment of retort effluent

after coagulation by pH adjustment (Reactor B).
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Figure 14. Anaerobic treatment of combined effluent
after coagulation by pH adjustment (Reactor D).
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concentrations have been shown to be inhibitory to methane fermentation in the range of
3,500-5,500 mg/L and strongly inhibitory above 8,000 mg/L (McCarty, 1964).

An average of 0.57-0.60 L total gas was produced per gram of total COD degraded in
each reactor. McCarty and Young (1964) predicted that 0.348 liters of methane are
produced per gram of COD at STP. Correcting for a reactor temperature of 35°C, and
assuming 70% methane in the biogas, 0.56 L of total gas per gram of COD is predicted.
The predicted gas production per gram of COD therefore closely corresponds with the levels
seen in this study.

The TKN-N in feeds A and B was approximately 2,000 mg/L. NH;-N was
approximately 200 mg/L. The TKN-N in feeds C and D was approximately 800 mg/L and
NH,-N was approximately 90 mg/L.. The TKN-N in the effluent from reactors A and B
steadily increased from 800 mg/L on day 21 to 1,200 mg/L on day 55. Approximately 90%
of the effluent TKN-N was in the form of NH,-N. The effluent TKN-N in reactors C and D
remained steady from day 21-55, ranging from 400-500 mg/L. NH,-N comprised
approximately 90% of this total. Organic nitrogen in the influent was highly available to
microorganisms, as indicated by the high percentage of NH,-N in the effluent. However,
direct discharge of water containing high NH,-N levels would not be permitted.

The TP in feed A, B, C, and D were 109, 94, 58 and 51 mg/L, respectively. On day
22 the TP in effluent A, B, C and D was 42, 49, 43 and 47 mg/L, respectively, and on day
55 was 52, 50, 34 and 40 mg/L, respectively. The results suggest that phosphorus was not a
limiting nutrient in the systems.

The total alkalinity in the reactors appeared to be a function of both MLVSS and
ammonia in the reactors. Fluctuations in total alkalinity in all four reactors mirrored
fluctuations in ammonia with the exception of reactors A and B after about day 40. At that
time the NH,-N concentration had increased to approximately 1,000 mg/L in reactors A and
B. The increase in alkalinity resulted from the increase in NH;-N and bicarbonate
(interaction of NH, and volatile acids with carbonate system components) in the system.

The total alkalinity in reactors A and B increased from 4,500 to 6,000 mg/L as
CaCO; after day 40 even though the MLVSS remained at approximately 4,000 mg/L. The
alkalinity in reactors C and D decreased from 3,500 mg/L to 2,700 mg/L. as CaCQ,. This
alkalinity decrease in C and D closely followed the decrease in MLVSS concentration. The
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ammonia levels in reactors C and D remained fairly steady and at much lower concentrations
(NH,-N = 350-400 mg/L) than in reactors A and B. Reactors A and B received a much
greater TKN-N loading than reactors C and D which resulted in higher ammonia
concentrations.

The concentration of four volatile acids was monitored in the reactors from day 11-
55. On day 11, acetic acid, propionic acid, isobutyric acid and n-butyric acid were found in
all effluents at concentrations ranging between 1-36, 0-230, 0-93 and 0-52 mg/L,
respectively. The concentrations of these volatile acids gradually decreased until the systems
stabilized at about day 25. During this stabilization period in all reactors, propionic and/or
isobutyric acid were detected at greater concentrations than acetic acid. After day 25, acetic
acid was always found in the highest concentration and all volatile acids in reactors A, B,
and C effluents were below 10 mg/L. In reactor D, acetic acid fluctnated between 5-35
mg/L after day 25.

All reactors appeared to have stabilized because the volatile acid concentrations were
low and steady. The systems appeared capable of degrading higher waste loads since the
volatile acid concentrations were low. However, there was always a residual of volatile
acids detected which provided the microorganisms with the intermediates necessary for
metabolism. It was not determined what level of volatile acids were optimum for these
systems. It should be noted that the acceptable volatile acid concentration is a function of
alkalinity.

Soluble COD effluent values and gas production remained constant through day 55 in
all reactors, indicating that virtually all of the organic material in the influent was degraded.
The total BOD, and COD of the effluent from each reactor was substantial, however.
Effluent BOD, and COD resulted from bicmass in the effluent, as well as residual materials
that were not degraded anacrobically. The average effluent total BOD;, and total COD,
respectively, were as follows: reactor A - 300 and 955 mg/L; reactor B - 375 and 1025
mg/L; reactor C - 195 and 900 mg/L; reactor D - 270 and 935 mg/L. These effluent BODss
may be permitted by regulatory agencies. One crab processor in Virginia has average and
maximum BOD; permit limits of 300 and 600 mg/L, respectively. However, there is always
a concern that those limits will become more stringent in the future. A second processor has

average and maximum BOD; limits of 20 and 40 mg/L. It is clear that a polishing step
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would be required for these systems to further reduce effluent BOD;, TSS and NH;-N to
meet current and expected future limits.

Using the conditions of this study (F/M = 0.05 for combined effluent, F/M = 0.25
for cooker effluent and MLVSS concentration = 4,000 mg/L), four different anaerobic
treatment scenarios were postulated for plant #1 and plant #2 (Table 15) (Appendix C). It
should be noted that the F/M values were achieved using feed which is typical of wastewater
at plant #2. Since the COD concentration of the "combined” wastewater from plant #1 was
expected to be less than plant #2 due to large dilution effects from the Harris Claw conveyor
wash, the F/M values used in deriving the treatment scenario for plant #1 may not be valid.
Still, a comparison between potential anaerobic biological treatment systems shows that blue
crab processing facilities have different problems and requirements, and cannot all be treated
in the same manner.

The first two scenarios for each plant consider treatment of ali process effluents at a
0.05 F/M ratio. If the required reactor size was based on peak daily COD load, as show in
scenario #1, a 152,500 gallon tank would be required for plant #1 and a 333,250 gallon tank
would be required for plant #2. The corresponding HRTs would range from 13-610 days
(high to low flow conditions) and 55-489 days for plants #1 and #2, respectively.

If the required reactor size was based on average daily COD load, as show in
scenario #2, a 78,000 gallon tank would be required for plant #1 and a 178,340 gallon tank
for plant #2. The corresponding HRTs range from 7-312 days and 29-261 days for plant #1
and plant #2, respectively.

The third and fourth scenarios consider treatment of cooker effluent only at a 0.25
F/M., At plant #1, based on peak daily COD loads, a 14,200 gallon tank (HRTs = 34-151
days) would be required to effectively treat cooker effluent, whereas a 8,650 gallon tank
(HRTs = 21-92 days) results from a design based on average daily COD loads. At plant #2,
based on peak daily COD loads, a 27,500 gallon tank (HRTs = 29-264 days) would be
required to effectively treat cooker effluent, whereas a 14,900 gallon tank (HRTs = 16-143
days) results from a design based on average daily COD loads. The peak/average COD load
ratio and the peak/average hydraulic load ratio ranged from 1.6-2.3 for both the combined
effluent and the cooker effluent scenarios at plants #1 and #2.
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Table 15. Design criteria for potential anaerobic treatment
scenarios at blue crab processing plants #1 and #2.
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The reactor needed to treat combined waste at plant #2 would need to be
approximately twice as large the reactor at plant #1 based on both peak and average
conditions. The same holds true for reactors treating retort effluent alone.

With the exception of treatment of combined effluent during peak loads at plant #1 (7
and 13 days), the HRTs are fairly long (15-610 days). The HRTs were shorter at plant #1
than plant #2 because the combined wastewater was more dilute and voluminous. The Harris
Claw conveyor wash at plant #1 was responsible for the majority of the dilution and volume
effects. Given the long HRTs, reactor designs based on average daily COD loads should be
able to maintain effluent quality during peak conditions. Additionally, a system using two
smaller reactors can offer some advantages over one large tank, including the flexibility to
shut one tank down during low flow or mechanical failure. However, a one reactor system
could be operated at half volume during low loading conditions. Waste sludge from these
reactors would be handled most efficiently by local POTWs due to the expense and involved
operation and maintenance required of dewatering systems.

High NH,-N and TSS concentrations from these systems were of concern. The NH,-
N concentrations in the system effluents ranged from 380-1,280 mg/L, greatly exceeding
proposed limits. Acceptable ammonia concentrations in water are a function of pH,
temperature and salinity. Recently adopted acute and chronic ammonia standards range from
3.3-16.0 and 0.5-2.4 mg/L NH;-N, respectively, given the following conditions typical of
ocean waters: pH = 7.8-8.2, temperature = 15-25°C and salinity = 30 gm/kg (Water
Quality Standards Regulation, VR-680-21, 1992). Also, effluent TSS concentration was of
concern for the combined effluent (TSS ranged from 680-1,050 mg/L) because the solids did
not settle well, thereby necessitating additional treatment.

The reactors proposed for the blue crab processing plants considered may not be
feasible due to economics and/or space limitations. Higher loading rates may be required to
make anaerobic treatment viable.
4.2.4.2 Long Term Anaerobic Tests

The first two of the four reactors (A and B) used in this phase of the work were fed
retort process wastewater and were operated for 216 and 94 days, respectively. Reactor A
was fed at a 0.40 F/M ratio from day 1 through day 40, but after decreased treatment was
observed, the reactor’s F/M ratio was reduced to 0.35. Reactor B operated at a 0.25 F/M
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ratio over the course of its operation. Both reactors were able to achieve substantial
reductions in the level of organics in the treated waste, but each eventually exhibited signs of
failure and was shut down.

From day 48 through day 161, reactor A achieved COD removal rates ranging
between 85% to 91% with an average of 87%. This removal translates to an effluent with a
soluble COD largely in the range of 1550 to 2520 mg/L with an average of 2103 mg/L.
Similarly, the reactor exhibited BOD; removal resulting in soluble ¢ffluent concentrations
ranging between 1365 and 1497 mg/L over this time with an average removal of 88%,
translating to an average effluent soluble BOD; of 1405 mg/L. Data on Effluent COD and
BOD; concentrations are presented in Figure 15. Soluble material accounted for an average
of 87% of the COD and 95% of the BOD, observed in reactor A effluent. These levels
imply that the effluent solids contained a higher portion of inorganic material than would be
suggested by the ratio found in solids from the secondary effluent of activated sludge systems
(0.65 mg BODy/mg TSS). During this period of operation, the reactor produced biogas at an
average rate of 1430 ml/day which is somewhat higher than the 1061 mi/day level that would
correspond to the aforementioned removal rates (17.049 g/L COD * 0.180 L of feed/day *
88% removal * 0.393 L of gas produced/g of COD digested). This excess gas production
can be attributed to the fact that total biogas production from anaerobic digestion can include
byproducts such as carbon dioxide and hydrogen sulfide in addition to methane.

Figure 16 tracks gas production levels over the life of the reactor. Over this same
period, effluent total suspended solids (TSS) varied between 400 and 520 mg/L with an
average of 473 mg/L. while MLVSS ranged from 3600 to 4800 mg/L with an average of
4042 mg/L. Solids retention time (SRT) varied between 96 and 248 days over the life of the
reactor with an average value of 154.6 days. Hydraulic retention time (HRT) was
maintained at an average of 12.2 days over the life of the reactor. Beginning on day 167,
COD and BOD; levels steadily increased while biogas production decreased until the reactor
was shut down on day 216. By this time the effluent COD had reached a level of over 9300
mg/L.

Reactor B similarly obtained substantial reduction in COD and BOD; levels from day
26 through day 67 of operation. Over this period of time, the reactor achieved COD
removal rates of between 89% and 93% with an average of 91% and BOD, removal at rates
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that remained between 93% and 94%. These removal rates translate to effluent COD levels
ranging from 1120 to 1875 mg/L with an average of 1461 mg/L and BOD, concentrations

that varied from 558 to 603 mg/L with an average of 578 mg/L. Soluble material in reactor
B effluent accounted for an average of 87% of all observed COD and BOD,. As with those
found for reactor A, these levels imply that the effluent solids contained a higher portion of
inorganic material than the 0.65 mg BOD,/mg TSS suggested by the ratio found in solids

from the secondary effluent of activated sludge systems (Perry et al., 1988). As a result of

the digestion process, biogas production, tracked in Figure 16, averaged approximately 1014
ml/day, or approximately twice the predicted value of 517 ml/day (15.427 g/L COD * 0.094
L of feed/day * 91% removal * 0.393 L of gas produced/g of COD digested), during this
operational period. Over the course of the previously mentioned time, effluent TSS levels
were maintained in the range of 240 to 500 mg/L with an average of 408 mg/L., and the
reactor’s MLVSS concentration increased from just under 3000 mg/L on day 33 to over 3500
mg/L by day 64. SRT ranged between 215 and 448 days over the course of reactor
operation and had an average value of 263.4 days. HRT was maintained at an average of
18.7 days over the life of the reactor. Shortly after day 67 this reactor began to exhibit a
decreased effectiveness in the removal of organics. This decrease is characterized by the
steady increase in both COD and BOD; levels shown in Figure 17. Together with the rise in
COD and BOD; came 2 decrease in the reactor’s biogas production. This deterioration
continued until the reactor was shut down on day 94 of operation.

In an attempt to determine a cause for the failure of these reactors, various operating
parameters were studied. At the time of failure, both alkalinity and MLVSS in reactor A
were found to be at levels (6560 mg/L and 4740 mg/L, respectively) which were consistent
with those found in earlier tests conducted when the reactor had been achieving the
previously mentioned removal rates. Similarly, neither alkalinity nor MLVSS levels (5258
mg/L and 3340 mg/L respectively) in reactor B were found to be abnormally low at the time
of the reactor’s failure. Tests for total effluent phosphorus of both reactors showed
concentrations (50 mg/L in A and 31 mg/L in B) which indicate levels sufficient to meet the
nutrient needs of each reactor.

Ammonia toxicity has also been cited as a possible cause for disruption in anaerobic

digestion processes and was therefore investigated. Ammonia nitrogen concentrations in

90



Concentration (mg/l)

3000

2500

N
=
S
Q

1500+

10001

500 ! 1 l I I I !
20 30 40 50 60 70 80 90 100

DAY

—— SOLUBLE COD —+ COD MOV AVG —¥— SOLUBLE BOD

Figure 17. Effluent BOD; and COD levels for Reactor B.

91



reactor A at the time of failure remained in the 1680 to 1780 mg/L range through day 177.
While ammonia levels between 1500 and 3000 mg/L have been shown to be inhibitory at pH
levels above 7.4 to 7.6 (McCarty, 1964), the fact that the reactor was operating at a pH of
7.50 and that no decrease in pH, usually found during reactor failure (McCarty, 1964), was
observed would tend to suggest that ammonia toxicity was not the primary cause of the
failure. Figure 18 shows the effluent ammonia and TKN concentrations for reactor A over
the course of its operation. While reactor B operated in a higher pH range of 7.62 to 7.75
during failure, the ammonia concentration never reached the inhibitory 1500 mg/l level
during operation. Figure 19 tracks the effluent ammonia and TKN concentrations for reactor
B over the course of its operation.

Finally, cation toxicity was explored as a possible cause for the failure of the
reactors. At the time of failure, sodium, potassium, magnesium, and calcium levels within
reactor A had reached 5080 mg/L, 526 mg/L, 224 mg/L, and 162 mg/L, respectively. Tests
on effluent taken from reactor B during failure also revealed these four cations to be present
in concentrations of 4175 mg/L, 495 mg/L, 210 mg/L, and 177 mg/L, respectively. In each
case, sodium is present in levels which have been found to be moderately inhibitory
(McCarty, 1964). Inhibition observed in these reactors may have been mitigated through the
presence of cations (potassium, calcium, and magnesium) which are often seen as antagonists
in situations of sodium toxicity (Kugelman and Chin, 1971). Even with the antagonistic
effects of these additional cations, high sodium levels together with the high ammonia
concentrations present are believed to be the cause for the unstable manner in which these
reactors operated and the eventual cause of their failure. Data on the cation concentrations
found in reactor B are presented in Figure 20. Further study of the toxicity effects of high
concentrations of free ammonia, when found in conjunction with high light metal cation
concentrations, is warranted.

The last two reactors (C and D) were operated at F/M ratios of 0.10 and 0.07,
respectively. These two reactors were both fed a wastewater mix representative of the
processing facility’s overall wastewater output and were operated for periods of 287 and 94
days, respectively. As with the retort fed reactors described previously, these reactors
showed signs of failure, and were subsequently shut down, after having earlier exhibited
reductions in COD and BOD; levels of the waste.
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For the period of time from day 22 through day 247, effluent soluble COD levels in
reactor C remained between 1250 and 3310 mg/L with an average effluent COD of 2290
mg/L. These levels correspond to removal rates ranging from 55% to 83% with an average
of 69%. This reactor also exhibited BOD, removal rates, over the same period, varying
between 72% and 84 % with an average of 79%. These rates translate to effluent soluble
BOD; concentrations between 893 and 1596 mg/L with an average of 1180 mg/L. Asa
result of the organics removal achieved by the reactor over this period of time, biogas was
produced at an average rate of 254 ml/day. This rate is 2 times the 127 ml/day rate
predicted by observed average COD percent removal, and daily feed levels and strength
(7.405 g/L COD * 0.063 L of feed/day * 69% removal * 0.393 L of gas produced/g of
COD digested). As with the retort-fed reactors, excess gas production can be attributed, in
large part, to the fact that total biogas production from anaerobic digestion can include
byproducts such as carbon dioxide and hydrogen sulfide in addition to methane. Also, over
this period of time it was observed that MLVSS of the reactor declined from 3240 mg/l on
day 28 of operation to 1340 mg/L by day 235. Effluent TSS levels for this reactor ranged
from 700 to 2180 mg/L over this same time with an average of 1577 mg/L. Solids retention
time varied between 41 and 183 days over the life of the reactor with an average value of
98.6 days. HRT was maintained at an average of 36.3 days over the life of the reactor. The
peried from day 248 through day 276 was marked by an increase in average COD
concentration to 2730 mg/L, and was followed by substantial increases in both soluble COD
and BOD; levels. As a result, the reactor was shut down on day 287 after effluent COD had
reached 4100 mg/L, and biogas production had fallen to less than 100 ml/day. Soluble
material accounted for an average of 85% of all COD and 94% of ail BOD; observed in
reactor C effluent, As with those found for the retort water reactors, these levels imply that
the effluent solids contained a higher portion of inorganic material than that suggested by the
ratio found in solids from the secondary effluent of activated sludge systems (0.65 mg
BOD,/mg TSS; Peavy ¢t al., 1985). The COD and BOD; concentrations over the life of the
reactor are presented in Figure 21, while biogas production is tracked in Figure 22.

Reactor D operated with effluent soluble COD levels between 985 and 1445 mg/L
from day 26 through day 46 with an average COD of 1281 mg/I.. This translates to COD
removal rates ranging from 79% to 86% with an average of 84%. Over this period, the
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biogas production from the reactor procesded at the rate of 195 ml/day, but this rate
decreased during failure to a level of less than 100 ml/day. The predicted rate of biogas
production for this reactor was 155 ml/day (8.080 g/L COD * 0.058 L of feed/day * 84%
removal * 0.393 L of gas produced/g of COD digested). During the observed reactor
failure, effluent COD levels steadily increased after day 48 to over 4200 mg/L by shut down
on day 94. Soluble BOD, levels remained between 833 and 891 mg/L from day 26 through
day 65 with an average of 870 mg/L for a BOD;, removal rate of 83%. After day 65, BOD,
concentrations also began a rise, which continued until reactor shut down. Soluble material
accounted for an average of 84 % of all COD and 99% of all BOD, observed in reactor D
effluent over the course of reactor operation. As with the preceding reactors, these levels
imply that the effluent solids contained a higher portion of inorganic material than what could
be expected given the ratio found in solids from the secondary effluent of activated sludge
systems. Effluent TSS increased over the course of the reactor operation from 240 mg/L on
day 26 to 2320 mg/L on day 83, and while MLVSS remained between 2780 and 2960 mg/L
from day 26 to day 46, their levels fell to 2460 mg/L by day 85. After an initial reading of
686 days, solids retention time for the reactor decreased rapidly until it stabilized in the 102
- 112 day range. The average value of the SRT over the life of the reactor was 138.6 days.
HRT was maintained at an average of 32.4 days over the life of the reactor. COD and BOD;
levels over the life of reactor D are tracked and shown in Figure 23 while daily biogas
production is shown in Figure 22.

As with the retort-fed reactors, an attempt was made to discover the cause of failure
in these two reactors. Alkalinity and pH were not seen to be problems for either reactor, as
each was found to be operating during failure at levels 3828 mg/L in a pH range of 7.50 to
7.65 for reactor C, and 3000 mg/L in a pH range of 7.45 to 7.55 for reactor D, consistent
with those observed during the aforementioned period of organics removal. Loss of MLVSS
was, as mentioned earlier, a problem for both mixed wastewater reactors; however, since
failure of each occurred during periods of stability in this parameter and not during periods
of decline, this loss is not seen as a primary cause of reactor failure in either reactor C or D.
Effluent phosphorus concentrations found during operation and failure in each reactor (70 to
120 mg/1. for reactor C and 55 to 120 mg/L for reactor D) indicate that it was present in

sufficient quantities as not to be a limiting factor for either reactor.
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Ammonia levels in the reactors, ranging from 748 to 949 mg/L in reactor C and from
592 10 787 mg/L in reactor D, were not seen to be problems for either reactor as they never
reached the previously mentioned inhibitory range of 1500 to 3000 mg/L. Ammonia data for
reactors C and D are presented in Figures 24 and 25, respectively, together with the TKN
data for each.

Cation toxicity, and specifically sodium toxicity, is seen as the primary cause of
failure in both reactors. As sodium has been found to be strongly inhibitory at a
concentration of 8000 mg/L (Kugelman and McCarty, 1965; McCarty and McKinney, 1961),
the fact that the sodium level in each reactor far exceeded this amount clearly suggests
sodium toxicity. The question of how these reactors performed as long as they did, albeit at
a somewhat lower than hoped-for removal efficiency, given this sodium toxicity, can be
answered via the phenomena of cation toxicity antagonism. Potassium concentrations found
in both reactor C and D were consistent with those needed to act as an antagonist for sodium
toxicity (Kugelman and Chin, 1971). Additionally, the presence of significant concentrations
of calcium and magnesium, which are often found to be stimulatory in the presence of
another antagonist (McCarty, 1964), suggests that a multiple antagonistic effect (Kugelman
and Chin, 1971; Kugelman and McCarty, 1965) may have been responsible for the extended
performance exhibited while in a state of sodium toxicity. Concentrations of the four cations,
sodium, potassium, magnesium, and calcium are presented in Figure 26 for reactor C and
Figure 27 for reactor D.

While it is believed that sodium toxicity was the major cause of the failure of the
reactors, the ability of reactors A and C to perform for a greater period of time than their
less heavily loaded counterparts, reactors B and D, suggests that there may have been an
additional factor contributing to reactor failure. The fact that reactors A and C were
operated at lower F/M ratios, (.15 for reaction A and 0.05 for reactor C, for a period of 55
days prior to this experiment (Harrison ¢t al., 1992) opens the possibility that the sludge was
able to become acclimated to the high sodium concentration at these lower loadings.

An additional area which was explored was the possibility of a correlation between
the ratio of either the ammonia or sodium concentrations to the biomass level during the
failure of the reactors. On inspection of the data obtained from these experiments, no such

correlations were found.
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Since three of the four reactors failed at a time when crabs were being taken by the
process of bottom dredging, the possibility arises that a change in the composition of the
processing wastewater may have contributed to reactor failure. Additionally, the possibility
that failure was caused by a deficiency in some trace nutrient (e.g. cobalt, nickel, iron) can
not be completely discounted, and any further studies should address these needs.

Cation toxicity problems in any treatment system for either of these wastewaters must
be addressed in order for such a system to operate successfully. Such provisions may
include an elutriation step where the reactor sludge is periodically "washed” with fresh water
which has been purged of dissolved oxygen. After a settling period, this water would then
be flushed out of the system in the same manner in which reactor effluent is removed,
thereby removing excess sodium. The reactor would then be refilled with fresh, purged
water and treatment could continue. Alternatively, a periodic dumping and restarting of the
reactor with new biomass could be employed when toxicity effects are observed; however,
this method may lead to excessive start-up times. It should be noted that this periodic
dumping of the reactor contents would still be subject to the NPDES permit limits and thus
would most likely require access to a public sewer,

Based on the results of this experiment, it is suggested that processing facilities which
fall under the "existing” classification, which does not have BOD; discharge limits, do not
employ an anaerobic system for the treatment of their wastewaters unless they are prevented,
in some other manner, from discharging directly to the environment. In this case anaerobic
treatment could be used as a pretreatment for disposal to the sewers. This recommendation
is due to the high effluent ammonia concentrations (592 - 1780 mg/L) resulting from the
anaerobic deaminization of proteins. In light of the projected ammonia discharge limits,
these levels would make direct discharge of wastewaters very difficult even if the waters
were subsequently treated for ammonia removal, and would eliminate the possibility of direct
discharge without such ammonia removal treatment.

In the case of facilities which fall under the "new" facilities classification, and are
subsequently subject to BOD, discharge limits, the data from these experiments suggest that
anaerobic treatment would be an effective tool for the treatment of wastewaters prior to
discharge to a sewer system. It is further suggested that, if only retort process waters are to
be anaerobically treated, this system should be operated at an F/M ratio of 0.35 or less (with
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improved removal rates to be balanced against larger required reactor volumes at lower F/M
ratios}. It is also recommended that the anaerobic system include a settling chamber to
increase the solids retention time of the reactor, and thereby improve the reactor’s
performance. A reactor of the type stated could be expected to provide approximately 88%
removal of soluble BOD;,, and result in an effluent soluble BOD, concentration of
approximately 1400 mg/L. \

If it is decided that the total plant wastewater stream, such as the mixed wastewater
studied here, is to be anaerobically treated, the above system should then be operated at an
F/M ratio between 0.07 and 0.10. In this treatment scheme, soluble BOD, removal rates of
between 79% and 83% can be expected, resulting in effluent concentrations between 870 and
1180 mg/L.

As stated previously, any anaercbic treatment system used to treat these processing
waters must be monitored for cation and ammonia toxicity problems. Additionally,
provisions, such as the elutriation step mentioned previously, should be made to counteract
any such toxicity problems that arise.

In cases where a processing facility’s discharges are subject to BOD; limits, and
where the facility does not have access to a public sewer, it is suggested that the anaerobic
digestion process studied here be followed by ar aerobic polishing step, and that this be
followed by provisions for additional ammonia removal. Due to the low capitalization
generally found among crab processors, this three part system may prove to be too costiy for
much of the industry. This fact may mean that some processors which are currently
operating in areas without public sewer access could be forced from business. In any case,
the new regulations will mean increased costs throughout the industry.

4.2.5 Air Stripping Experiment

The main thrust of the air stripping experiment was to determine the applicability of
this technology as an effective compact alternative for the removal of ammonia from the
retort process wastewater. Another area of concern of this experiment was an examination
of the cooling benefits derived by passing the retort process effluent through the air stripping
tower. The cooling of the retort effluent is important due to the possible inclusion of

temperature limits in NPDES permits.
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Although the retort processing and sample collection methods remained the same
throughout the testing period, a great variability was found in the ammonia levels of the
retort effluent; i.e., the tower influent. With the exception of one test, which had an
ammonia level of about 50 mg/L, the range of tower influent ammonia concentrations was
approximately 80 to 160 mg/L. These levels are consistent with those found in previous
research involving this waste (Harrison et al., 1992). As a result of this variability, percent
reduction in the ammonia levels was the main criteria used in the comparison of tower
performance at the various operating parameter combinations.

In the testing of the ammonia concentrations of the retort process effluent, it was
found that there was no significant difference in the levels found in the pH adjusted tower
influent as compared to those found in the unadjusted retort process effluent. For this
reason, it is believed that the ammonia removal achieved in these tests can be attributed to
the air stripping process alone.

Figure 28 shows the impact of varying the influent liquid flow rate, and thereby the
air to water ratio, for the tower on the treatment efficiency of the air stripping process. The
graph shows that at pH 11, decreasing the liquid flow-rate from 2.2 GPM to 1.2 GPM led to
an approximate doubling in removal efficiency, but a further decrease in flow-rate to 0.6
GPM did not provide any increase in ammonia removal. In tests performed at a pH of 10,
however, a 7% increase in treatment was observed when the flow-rate was decreased from
1.2 GPM to 0.6 GPM. All tests were performed at average influent temperatures of
approximately 56°C to 58°C. As a result of these findings, it is suggested that while the
lower flow-rate of 0.6 GPM may not improve treatment efficiency at higher pH levels (11
and above), the higher air-to-water ratio may offset, to some extent, the deleterious effects of
the lower pH levels (10 and below). This may allow a choice of treatment schemes which
would permit chemical costs to be balanced against the problems associated with lower
processing rates.

Figure 29 displays the effect of temperature variation on ammonia removal
effectiveness at pH 11.0 and pH 12.2. From this data it can be seen that an increase in
influent temperature can be expected to bring about some increase in treatment efficiency.
This would suggest that any system of this type be operated in such a manner that the retort

effluent be processed through the tower with the minimum possible cooling time allowed.
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One cautionary point that must be stated is the fact that the LANPAC® packing material used
in the study is not recommended for use at liquid temperatures above 71°C (Joyce, 1993).

Figure 30 compares the treatment achieved by the tower as the pH of the influent
stream was varied. It shows a small improvement (from 61% to 63%) in removal efficiency
as the influent pH was raised from 10 to 11, while temperature and air-to-water ratio were
held constant. A further test conducted at pH 12.2 and the same temperature and air-to-
water ratio showed an increase to a 71% removal efficiency.

Finally, tests performed to establish the added treatment achieved by recycling the
tower effluent back through the system showed 32% treatment for the tower effluent recycled
without mixing and 51% removal of the ammonia in the mix of tower and retort effluent.
These figures translate to effluent ammonia concentrations of 23.8 mg/L and 30.4 mg/L,
respectively. These levels of treatment were achieved even though the treated liquid entering
the tower had an average temperature of 20°C. Ammonia removal efficiencies achieved for
all air stripping experiments are provided in Table 16. |

An additional benefit of the air stripping process was found in the cooling effect that
it imparts upon the wastewater. In the tests conducted, while the influent average
temperatures ranged from 50°C to 65°C, the tower effluent was cooled to essentially the
ambient atr temperature (13°C - 20°C). The majority of this reduction is attributed to the
cooling effects of the tower because influent temperature changed very little (0°C-4°C) over
the course of each test.

With the exception of the trial performed at an air-to-water ratio of 225 ft/gal, the air
stripping tower produced an effluent with ammonia concentrations
between 19.5 mg/L and 58.3 mg/L. These residuals translate to ammonia removals between
30.1 and 102.0 mg/L for the retort effluent, and between 11.1 and 30.9 mg/L for the
recycled tower effluent.

While these tests showed significant reductions in wastewater ammonia levels as a
result of the air stripping process, the reductions were not as great as
those stated in literature sources (Kuhn, 1956; Slechta and Culp, 1967; Culp and Culp,
1971). While this reduced efficiency could be attributed to the higher ammonia
concentrations dealt with in this study, it is more likely due to a shortcoming in one or more

aspects of the tower design employed here.
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Table 16. Air stripping tower ammonia removal efficiencies.

" Order of H A=ir-To-Water Inf. Eff._ __Range Average

Trials pH Ratio Temp | Temp % %
ft’/gal °C °C Removal' Removal

3 [l 10.0 412 59 16 50 - 59 54

{ 10 10.0 825 58 20 58 - 62 61

1 11.0 225 56 15 25 -45 33

2 11.0 412 38 15 60 - 67 64

8 11.0 825 58 20 57 - 67 63

4 11.0 412 65 i6 64 - 69 67

9 [ 11.0 825 20 20 13 - 45 32

6 12.2 825 20 13 43 - 58 50

7 12.2 825 50 13 60 - 70 64

5 E 12.2 825 58 15 67-73 71

1 = All trials used 5 samples taken at 5 min. intervals with the exception of trials 6 and 9,
which used 4 samples.
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Additionally, it is believed that a liquid distribution system that is capable of
introducing the wastewater into the tower in droplets could improve system performance.
Spraying the waste over the top of the tower would increase the surface area of water that
would come in contact with the air at a point before the benefits of the high waste
temperature have been lost,

Also, while the blower system utilized in these tests was able to maintain a
sufficiently high average volumetric air flow, it was observed that the air flow rate varied
greatly across the diameter of the tower. This may have caused a certain portion of the
waste to channel through "dead zones" where a lower gas to liquid loading ratio may have
resulted in less than optimal treatment. It is believed that the use of an in-line blower
system, in which a fan, located at the top of the tower, would draw air up from the bottom
of the tower, would remedy this problem and lead to higher removal rates.

Another possible design modification which could be employed in order to improve
removal efficiencies is an increase in the effective tower packing depth.

This could be accomplished through the use of either one tower of a greater packing depth or
two towers operated in series.

A concern which must be addressed before the implementation of any ammonia
stripping process is the potential for air pollution problems. The odor threshold for ammonia
is approximately 35 mg/m® (Culp, 1978). Care should be taken to ensure that levels present
in the stripper discharge do not exceed this concentration. At an air-to-water ratio of 500
ft'/gal (3.7 m*/L), up to 129 mg/L. can be stripped without exceeding this threshold. At the
825 ft*/gal (5.9 m*/L) ratio tested here, it would be possible to achieve removals of up to 207
mg/L of ammonia before the odor threshold became a problem. Removals of concentrations
greater than these would most likely require the capture and treatment of the tower off-gas.
Odor was not a problem in any of the trials performed here.

Concern about the redeposition of the ammonia, after its removal in gaseous state,
into the adjacent receiving waters may also result in the need to capture and scrub the air
stripper’s off-gas. It is believed, however, that these concerns may be unnecessary. While it
1s true that the total amount of ammonia eventually deposited in the receiving water after air
stripping will not be substantially less than the amount deposited if the wastewater were not

treated prior to its discharge, the concentrations in which this ammonia will be introduced
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will be greatly reduced (i.e. 160 mg/L for the untreated wastewater versus approximately
0.03 mg/L for the treated wastewater).

The projected effluent limits of 1 mg/L and 5 mg/L total ammonia suggest that
ammonia would prevent the direct discharge of retort process effluent. Although
modifications to the design tested here would be needed, the data obtained in these
experiments suggest that a treatment process involving air stripping technology could be used
to reduce retort effluent ammonia concentrations to a level where direct discharge would be
possible,

This system would most likely involve two towers operated in series. The first of
these towers, where the bulk of the ammonia removal would occur, would need to be
operated at an air-to-water ratio greater than 600 ft*/gal in order to ensure sufficient ammonia
removal, while minimizing the potential for air pollution problems. The exact design of
these towers would have to be performed on a case by case basis, taking into account
wastewater volume and projected operational air and water temperatures. In addition, it is
believed that z three stage air stripping process may be useful in reducing the ammonia levels
found in the effluent waters from biological treatment systems, used for the removal of
organics, to a level where these waters may be directly discharged. In the event that direct
discharge is not possible, an air stripping process could still be used as a pretreatment to
reduce sewer charges.

4.3 Potential Treatment System Costs

Any treatment scheme employed in the disposal of crab processing industry
wastewaters will impart additional capital and operational costs upon the industry. In the
cases of plants with access to public sewer systems, the costs of discharge to public sewers
without pretreatment must be compared to the costs of treating the wastewater on site for
subsequent disposal. This disposal may take the form of either direct discharge to the
environment, if sufficient treatment is accomplished, or discharge of a pretreated, lower
strength waste, to public sewers. In order to gain some insight into the potential impact of
the aforementioned alternatives on the industry’s profitability, a preliminary investigation into
the costs of each was performed.

For a hypothetical plant operating five days a week with fifteen cookings per day and
employing a Harris claw processing setup, it is predicted that the disposal of untreated
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processing wastewaters in public sewers would incur surcharges, due to excessive BOD;,
TSS, phosphorous, and TKN-N levels, of approximately $28,000 per year. This value is
based on rates for the ﬁampton Roads Sanitation District. Through the implementation of a
pretreatment scheme employing an anaerobic contact system of the type tested here, it is
estimated that these annual surcharges could be reduced to less than $10,000. In the event
that the wastewaters could be treated to a level where direct discharge to the environment
was possible these sewer surcharges would of course be eliminated. These savings would
have to be balanced against the costs of implementing and operating any treatment system.

Due to the relatively small volume dealt with in this situation (approximately 5300
gal/day of total plant flow, or a projected reactor volume of 180,000 gallons), it is difficult
to obtain reliable cost estimates for the proposed anaerobic reactor. According to a firm
which specializes in the construction of anaerobic reactors for industrial waste treatment, it is
rare to see a reactor vessel smaller than approximately 300,000 gallons (a volume which
carried a price of approximately $400,000). In the event that only wastewaters generated by
the retort process were to be treated, a reactor volume of less than 10,000 gallons (based on
the HRTs and daily flows observed here) could be expected, further reducing the capital
investment.

If an air stripping process of the type studied were to be employed, improvements in
the electrical controls, tower strength and stability, and provisions for scale removal would
be necessary in addition to previously mentioned design changes. These changes would
result in higher capital costs than those seen in the construction of the tested tower.
However, an examination of the costs experienced from this study may provide a baseline
from which to work. The construction of the tower itself exclusive of the packing material,
which was donated, was less than $1,000. It must be emphasized that the design changes
stated will impact this figure significantly for the construction of an operational tower.

The packing material used in the study has a normal selling price of $20.45 per cubic
foot and is only sold in 10 cubic foot lots. The amount of packing material needed will vary
greatly depending upon the air temperature during operation, and the level of ammonia
removals required. For example, under cold weather conditions (10°C), the three stage
stripper setup described earlier for the treatment of anaerobically treated retort effluent would
need a total of approximately 30 cubic feet of LANPAC to achieve removals necessary for
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direct discharge. However, a two-stage system used for ammonia removal of untreated retort
effluent would use less than 10 cubic feet of packing material, if operated in warm weather
conditions (25°C), to produce an effluent which could be discharged directly to the receiving
water. In no case is it projected that the cost of the packing material will exceed $1,000.
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5.0 CONCLUSIONS

The processing effluents from three blue crab processing plants in Virginia were
characterized. It was determined that nine types of wastewater streams contributed the
majority of the pollutant loadings from these plants. Most of these effluent streams were
highly concentrated. For example, the retort water from the cookers exhibited the following
concentrations: BOD, = 14,000-29,000 mg/L, TSS = 650-6,200 mg/L, TKN-N = 2,500-
4,000 mg/L, NH,-N = 70-160 mg/L and TP= 100-185 mg/L. The Harris Claw process
produced effluent streams with chloride concentrations exceeding 100,000 mg/L.

Analysis of production and effluent characterization data from two mechanized plants
revealed that wastewater volumes, loads and concentrations varied greatly between the two
plants. Therefore, treatment alternatives for the blue crab plants should be developed on a
case by case basis.

Settling and filtration studies were performed on these effluents. The organics and
nutrients in the wastes were highly soluble and very little reduction of COD, BOD,, TKN-N,
NH;-N and TP was achieved by these methods. Acidification of the concentrated effluents
caused some coagulation of the contents. Coagulation by pH adjustment was most effective
between pH 3.0-4.0. TSS removals of 76-93%, and BOD, removals of 6-30% were
achieved by pH adjustment, thereby showing promise as a pretreatment method to reduce
POTW surcharges.

Anaerobic biological treatment systems appear promising for the treatment of
wastewater from blue crab processing plants (effluent BOD,s ranged from 150-420 mg/L),
especially for cooker effluent. However, there is concern that salt from the Harris Claw
operation will decrease anaerobic treatment performance and that effluent NH, and TSS
levels will need to be reduced. Pretreatment of process wastewater by means of pH
adjustment did not improve anaerobic treatability.

Any use of this anaerobic biotechnology in the treatment of either retort wastewater to
total plant discharge must, however, include provisions to diminish the effect of the sodium
toxicity found in this study. Additional thought must also be given to the implications of the
high concentration of ammonia found in the effiuent from each reactor. Finally, while the
anaerobic reactors treating retort water produced an effluent with TSS levels in the 200 to
650 mg/L range, which may be acceptable, the reactors which were fed the mixed
wastewater (combination of all plant discharges) produced effluent TSS levels ranging on
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average from 1391 to 1587 mg/l.. However, these levels could be reduced through the
extension of the settling period beyond the one hour allowed in these experiments. It should
also be noted that these solids contributed a relatively small (1% to 15%) portion of the total
BOD, and COD found in the reactor effluent.

The air stripping experiments showed that substantial reductions in the ammonia
concentrations found in the retort process wastewater are possible through the use of this
technology, and that the high temperature of the retort process wastewater aids in the
accomplishment of this reduction. Subsequently, it is suggested that the wastewater be
treated as quickly as possible after the retort process in order to minimize any temperature
loss. Additionally, while the tests performed showed higher removal rates were obtained as
the pH of the wastewater was increased, this benefit must be weighed against the costs of
chemicals needed to achieve this increase together with those needed to return the pH of the
treated waste to a level that may be discharged directly to the environment. While some
design modifications might be in order for the development of an operational air stripper, it
is believed that this system holds promise as a possible treatment alternative.

While facilities which have BOD; discharge limits will, in all likelihood discharge
their process wastewaters to a public sewer where possible, anaerobic biological and air
stripping systems show promise as pretreatment steps which would reduce sewer charges. In
such an application, anaerobic treatment, for the reduction of BOD;, could be followed by air
stripping in order to reduce ammonia. Alternatively, either system could be used alone to
reduce a specific contaminant level.

If BOD, removal is not a concern, the air stripping technology tested appears to
provide sufficient NH, removals to allow, if used in conjunction with settling for solids
removal, direct release of the process waters to the environment. The applicability of either
system, alone or in series, ultimately depends upon effluent limits curreatly being developed
by the Virginia Department of Environmental Quality.

119



6.0 REFERENCES

APHA, AWWA, WPCF 1992, Standard Methods Jor the Examination of Water and

Wastewater, 18th Edition, American Public Health Association, Washington, D.C.

Boardman, G.D., Flick, G.J., and Kramer, T.A. 1987, Effects of Crab Scraps on Marine
Environments, 1987 Food Processing Waste Conference Proceedings, Georgia Tech Research

Bough, W.A. 1976. Chitosan-A polymer from seafood waste, for use in treatment of food
processing wastes and activated sludge. Proc. Biochem. 11(1):13,

Bough, W, A. and Landis, D.R. 1976, Recovery and nutritional evaluation of
proteinaceous solids separated from whey by coagulation with chitosan. Journal of Dairy
Science. 59:1874.

Brinsfield, R.B., and Phillips, D. G. 1978. Characterization, treatment, and disposal of
wastewater from Maryland seafood plants. Journal Water Pollution Control Federation.
50(8):1943-1952.

-

Brinsfield, R.B. and Phillips, D.G. 1977. Waste Treatment and Disposal from Seafood
Processing Plants, /.5, Environmenzal Protection Agency, Robert S. Kerr Environmentat
Research Laboratory. EPA-600/2-77-157.

Carawan, R.E., Chambers, J.v., Zall, R.R, and Wilkowske, R.H. 1979, Seafood water and
wastewater management. p.4-51. N.C. Agricultural Extension Service, Raleigh, NC.

Carawan, R.E. 1991, Processing plant management guidelines - aquatic fishery products.
Pollution Prevention Shortcourse. p. 10, Raleigh, NC.

Carroad, P.A., and Tom, R.A. 1978. Bioconversion of shelifish and chitin wastes: Process
conception and selection of microorganisms. Journgl of Food Science. 43:1158.

Cathcart, T.P., Wheaton, F.W. and Brinsfield, R.B. 1986. Optimizing variables affecting
composting of blue crab scrap. Agricultural Wastes. 15:269.

Cato, J.C. 1991. Composting biue crab and calico scallop processing plant' scrap
materials. Environmentally Sound Agriculture Conference Proceedings. University of

Florida. 2:533.

Chao, A.C., Machemehl, J.L. and Galarranga, E. 1983. Ultrafiltration treatment of
seafood processing wastewaters. Proceedings of the 35th Purdue Industrial Waste

Conference. pp. 560-570.

Chao, A.C., Tzou, L., Young, C.T., 1986. Recovery and application of solids from
crab-processing wastewater, Proceedings of the 38th Purdue Industrial Waste Conference.

pp. 829-838.

120



Clark, R.H., and Speece, R.E. 1970. The pH tolerance of anaerobic digestion, in Advances
in Water Pollution Research, S.H. Jenkins, ed., Pergamon Press, Oxford. 1:.11-27/1-1I-
27/14.

Cockey, R.R. 1980. Bacteriological assessment of machine-picked meat of the blue crab.
Journal Food Protection. 43(3):172.

Code of Federal Regulations, Title 40 - Protection of the Environment, Office of the
Federal Register National Archives and Records Administration.

Croonenberghs, R.E. 1991. Virginia Department of Health information bulletin,
Virginia Department of Health, Bureau of Shellfish Sanitation, Richmond, VA.

Culp, G.L. 1978. Air stripping for nitrogen removal, in Nitrogen Control and Phosphorous
Removal, D.J.De Renzo, ed., Noyes Data Corp., Park Ridge, NJ.

Culp, R.L., and Culp, G.L. 1971. Advanced Wastewater Trearmen:, Van Nostrand
Reinhold, New York.

Culp, R.L., Wesner, G.M., and Culp, G.L. 1986. Handbook of Public Water Systems, Van
Nostrand Reirnthold, New York.

Diamond, J.M., Mackler, D.G., Rasnake, W.J., and Gruber, D. 1993. Derivation of
site specific ammonia criteria for an effluent-dominated headwater stream, Environmental
Toxicology and Chemistry. 12:649-658.

Eckenfelder, W.W., Patoczka, J.B., and Pulliam, G.W. 1988. Anaerobic versus aerobic
treatment in the U.S.A., in Anaerobic Digestion 1988, E.R. Hall and P.N. Hobson, Eds.,
Pergamon Press, Oxford, pp. 105-114.

Environmental Protection Agency. 1974. Development document for the effluent limitations
guidelines and new source performance standards of the catfish, crab, shrimp, and tuna
segment of the canned and preserved seafood processing. pp. 36-50. Office of Water and
Hazardous Materials. EPA-440/1-74-020-a.

Environmental Protection Agency. 1983. EPA methods for chemical analysis of water and
wastes. Environmental Monitoring and Support Laboratory. EPA-600/4-79-020.

Fryer, L. 1980. Protein extraction. Crab byproducts and scrap. Marine Advisory
Program of the Maryland Sea Grant Program. pp. 99-105.

Geiger, E.L., Wheaton, F.W., Brinsfield, R.B. and Alleman, J.E. 1985. Biological
treatment of crab processing wastewater. Journal Water Pollution Control Federation.
57(12):1128-1133.

Goode, R. 1993. Personal Communication, Virginia Dept. of Environmental Quality,
Virginia Beach Office.

121



Gostin, J, 1993, Personal Communication, LANTEC Products, Agora Hill, California,

Green, J.H. and Mattick, J.F. 1979, Fishery waste management. Food Processing Waste
Management. AVI Publishing Co., Inc., Westport, Connecticut. pp. 202-227,

Hanover, L.M., Webb, N.B., Howell, A.J. and Thomas, F.B. 1975, BOD, COD, and TOC
values for liquid wastes from selected blue crab pilot processes. Journal of Milk Food
Technology. 38(3):155-158.

Harrison, T.D., Boardman, G.D., and Flick, G.J. 1992. Characterization and treatment of
wastes from blue crab processing facilities, Proceedings of the Purdue Industrial Waste
Conf., 47th, pp. 775-788.

Hazel, C.R., Thomsen, W., and Meith, S.J. 1971. Sensitivity of striped bass and
stickleback to ammonia in relation to temperature and salinity, California Fish and Game.
57:138-153.

Herbert, D.W.M., and Shurben, D.S. 1965. The Susceptibility of salmonid fish to poisons
under estuarine conditions - II Ammonium Chloride, International Journal of Air and Warer
Pollution. 9:89-91.

Hirano, S., Hakura, C., Seino, H., Akiyama, Y., Nonaka, I., Kanbara, N., Kawakami, T.
Chitosan as an active ingredient for domestic animal feed. Journal of Agricultural Food
Chemistry. 38:1214.

Hirano, S., Hirochi, K., Mikami, T., and Tachibana, H. 1990. Chitir and chitosan for use
in pharmaceutics and cosmetics. Polymeric Materials: Science and Engineering. 63(Fall).

Hom, C.R. and Pohland, F.G. 1973. Characterization and treatability of selected shellfish
processing wastes. Proceedings of the 28th Purdue Industrial Waste Conference. pp. 819-
831.

Hudson, J.W. and Pohland, F. G. 1975. Treatment alternatives for shellfish processing
wastewaters. Proceedings of the 30th Purdue Industrial Waste Conference. pp. 981-986.

Imeri, A.G., and Knorr, D. 1988. Effects of chitosan on yield and compositional data of
carrot and apple juice. Journal of Food Science. 53:1707.

Jaswal, A.S. 1990. Amino acid hydrolysate from crab processing wastes. Journal of Food
Science. 55:379.

Johnson, E.L. and Peniston, Q.P. 1971. Pollution abatement and by-product recovery in
the shellfish industry. Proceedings of the 26th Purdue Industrial Waste Conference. pp.
497-513.

Johnson, R.A. and Gallanger, .M. 1984. Use of coagulants to treat seafood wastewaters.
Journal of the Water Pollution Control Federation. 56(8):970-976.

122



Joyce, S. (1993), Personal Communication, LANTEC Products, Agora Hills, California.

Knorr, D. 1991. Recovery and utilization of chitin and chitosan in food processing waste
management. Food Technology. January:.114-122.

Knorr, D. 1983. Dye binding properties of chitin and chitosan. Journal of Food
Science. 48:36.

Kobelke, D.N. 1990. By-products from crustacean wastes-chitin production. Food
Australia. 42(1).

Kugelman, L.J., and Chin, K.K. 1971. Toxicity, synergism, and antagonism in
anaerobic waste treatment processes, in Anaerobic Biological Treatment Processes,
R.F.Gould, Ed., Advances in Chemistry Series, American Society. 105:55-G0.

Kugelman, 1.J., and McCarty, P.L. 1965. Cation toxicity and stimulation in anaerobic wasle
treatment, 1. Slug feed studies, Journal of the Water Pollution Cortrol Federation. 37:97-
115.

Kugelman, 1.J., and McCarty, P.L. 1965. Cation toxicity and stimulation in anaerobic waste
treatment. II. Daily feed studies, Proceedings of the Purdue Industrial Waste Conf. 19th.
pp. 667-686.

Kuhn, P.A. 1956. Removal of ammonium nitrogen from sewage effluent, Unpublished M.S.
Thesis, University of Wisconsin, Madison, WI.

Lawrence, A.W., and McCarty, P.L. 1969. Kinetics of methane fermentation in anaerobic
treatment, Journal of the Water Pollution Control Federation. 41:R1-R17.

Lettinga, G. 1984. The prospects of anaerobic waste water treatment, in Anaerobic
Digestion and Carbohydrate Hydrolysis, G.L. Ferrero et al., Eds., Elsevier Applied Science
Publishers, pp. 262-273.

Mathur, S.P., Daigle, J. Y., Levesque, M. and Dinel H, 1986. The feasibility of
preparing high quality fish composts from fish scrap and peat with seaweeds or crab scrap.
Biological Agriculture and Horticulture. 4:27.

McCarty, P.L., and McKinney, R.E. 1961. Salt toxicity in anaerobic digestion, Journal of
the Water Pollution Control Federation. 33:399-415.

McCarty, P.L. Sept. 1964. Anaerobic waste treatment fundamentals - Part One: Chemistry
and microbiology, Public Works. 95:107-112.

McCarty, P.L. Oct. 1964. Anaerobic waste treatment fundamentals - Part Two:
Environmental requirements and control, Public Works. 95:123-126.

McCarty, P.L. Nov. 1964. Anaerobic waste treatment fundamentals - Part Three: Toxic
materials and their control, Public Works. 95: 91-99.

123



McCarty, P.L. 1981. One hundred years of anaerobic treatment, in Aerobic Digestion 1981,
D.E. Hughes et al., Eds., Elsevier Biomedical Press, 3-22.

McKay, F., Blair, H.S. and Gardner, J.R. 1982. Adsorption of dyes of chitin. .
Equilibrium studies. Journal of Applied Polymer Science. 27:303.

Metcalf and Eddy. 1979. Wastewater Engineering. Treatment/Disposal/Reuse. 2nd Edition.
McGraw-Hill, Inc., NY.

Morgan, D. 1993. Personal Communication, Virginia Dept. of Environmental Quality,
Kilmarnock Office.

Muzzarelli, R.A.A., Weckx, M., and Fillipini, O. 1989. Removal of trace metal ions from
industrial waters, unclear effluents, and drinking water, with the aid of cross-linked N-
carboxymethyl! chitosan. Carbohydrate Polymers. 11:293.

Nieto, M.B. and Chai, T. 1991. Chemical and sensory attributes of flavor concentrates
prepared from cooker effluent and machine picked cores for blue crab (Callinectes sapidus).
Proceedings of the Eastern Food Science Conference. Hunt Valley, MD.

Nieto, M.B. 1989, Physical and chemical characterization of blue crab processing Scraps.
Unpublished. Horn Point Environmental Laboratory. University of Maryland Center for
Environmental and Estuarine Studies.

No, H.K. and Meyers, S.P. 1989. Crawfish chitosan as a coagulant in recovery of organic
compounds from seafood processing streams. Journal of Agricultural Food Chemistry.
37:580.

O’Farrell, A. F., Bishop, D. F. and Cassel, A. F. 1973, Nitrogen Removal by Ammonia
Stripping. EPA Report, No. 670/2-73-040, September,

Official Methods of Analysis. 1990. Association of Official Analytical Chemists, Inc. 15
edition. Arlington, VA.

Ortega, E. and Church, D.C. 1979. In vivo digestibility evaluation of chitinous materials.
Journal of Dairy Science. 58:397.

Overcash, M.R. and Dhiraj Pal. 1980. Characterization and land application of seafood
industry wastewaters. Water Resources Research Institute of the University of North
Carolina. Report for the Office of Water Research and Technology (Project No. B-100-NC),
U.S. Department of the Interior.

Peniston, Q.P., Johnson, E.L., Turrll, C.N., and Hayes, M.L. 1969. A new process for
recovery of by-products from shellfish waste. Proceedings of the 24th Purdue Industrial
Waste Conference. pp. 402-412.

Phillips, F.A. and Peeler, J.T. 1972. Bacteriological survey of the blue crab industry.
Applied Microbiology. 24(6):958.

124



Pohland, F.G. and Hudson, J.W. 1976. Aerobic and anaercbic microbial treatment
alternatives for shellfish processing wastewaters in continuous culture. Biorechnology and
Bioengineering. 15:1219.

Randall, E.L. 1974. Improved method for fat and oil analysis by a new process of
extraction. J. AOCAC. 57(5):1165-1168.

Reddy, N.R., Flick, G.J., Dupuy, H.P. and Boardman, G.D. 1989. Characterization and
utilization of dehydrated washwater from clam processing plants as flavoring agents. Journal
of Food Science. 54(1)55-59.

Riley, J. 1980. The impact of environmental regulations. Crab Byproducts and Scrap: A
Proceedings. pp. 99-105. Marine Advisory Program of the Maryland Sea Grant Program,

Rubin, A.R. 1983, Land treatment for seafood processing waste. American Society af
Agricultural Engineering, Paper 83-6346.

Senstad, C. and Almas, K.A. 1986. Use of chitosan in the recovery of protein from shrimp
processing wastewater. Chirin in Nature and Technology. Plenum Press. New York.

Slechta, A.F., and Culp, G.L. 1967. Water reclamation studies at the South Tahoe Public
Utility District, Journal of the Water Pollution Control Federation. 39:787-814.

Soderquist, M.R., Blanton, G.I. Borden, J.E. and Hilderbrand, K.S. 1972. Progress
report: Seafoods processing wastewater characterization. Proceedings Third National
Symposium on Food Processing Wastes. EPA-R2-72-018.

Soto, P., Muller, N.V., and Knorr, D. 1989. Effects of chitosan treatments on the clarity
and color of apple juice. Journal of Food Science. 54:495.

South Tahoe Public Utility District. 1971. Advanced Wastewater Treatment as Practiced at
South Tahoe, EPA Report 17010ELQ 8/71.

Speece, R.E. 1983. Anaerobic biotechnology for industrial wastewater treatment,
Environmental Science and Technology. 17:9:416A-427A.

Szabo, A.J., LaFleur, L. F. and Wilson, F.R. 1979. Dissolved air flotation treatment of
Gulf shrimp cannery waste water. Industrial Environmental Research Laboratory. Office of
Research and Development of the USEPA, Cincinnati, Ohio. EPA 600/2-79-061.

Thome, J.P. and Van Daele, Y. 1986. Adsorption of polychlorinated byphenyls (PCB) on
chitosan and application to decontamination of polluted stream waters. Chirin in Nature and
Technology. Plenum Press. New York.

Thurston, R.V., Russo, R.C., Emerson, K. 1979. Aqueous Ammonia Equilibrium -

Tabulation of Percent Un-lonized Ammonia, Environmental Research Laboratory - Office of
Research and Development, U.S. Env. Protection Agency, Duluth.

125



Ulmer, D.H.B., JR. 1964. Preparation of chilled meat from Atlantic blue crab. Fisheries
Industrial Research. 2(3):21.

U.S. Department of Commerce Fisheries Statistics Division. 1990. Fisheries of the United
States 1989. U.§. Department of Commerce, National Oceanic and Ammospheric
Administration, National Fisheries Marine Service, Silver Spring, MD.

Volesky, B. 1987, Biosorbents for metal recovery. Trends in Biotechnology. 5:96.

Wenstrom, R.T. 1978. Method of Separating edible crab from non-edible portions of cooked
crabs. U. S. Patent 4,124,920,

Wentz, B.A., Duran, A.P., Swartzentruber, A., Schawb, A.H., McClure, F.D. Archer, D.
and Read, R.B. 1985. Microbiological quality of crabmeat during processing. Journal
Food Prorection. 48(1):44,

Wheaton, F.W., Brinsfield, R.B., Lomax, KX.M., and Geiger, E.L. 1984. Blue crab
processing plant efftuent treatment, Journal of the Water Poliution Control Federation,
56:5:482-486.

Zachritz, W.H. and Malone, R.F, 1991. Wastewater treatment options for Louisiana
seafood processors. Louisiana Sea Grant College Program. Center for Wetland Resources.
Baton Rouge, LA,

Zehnder, A.J., Ingvorsen, K., and Marti, T, 1981. Microbiology of methane bacteria, in
Anaerobic Digestion 198] » D.E. Hughes et al., Eds., Elsevier Biomedical Press, pp. 45-68.

Zinder, S.H. 1988. Conversion of acetic acid to methane by thermophiles, in Anaerobic
Digestion 1988, E.R. Hall and P.N. Hobson, Eds., Pergamon Press, Oxford, pp. 1-12.

126



APPENDIX A
SAMPLE DISCHARGE PERMITS

127



Avn | om juwaa unewnw | 3338 IWNLYNTIS FNYH ABANING WO ORAAL . [ —
i
JLva INCHARTAL AMERY AEEIMOMHLAY O U HAJO FAILNIRNE IV DIMNING
AvYa on [ 3 4 PN "OH SAVIIAIANED ALY NBID WY M SRAMINE UES OB40L
[LY-RFTFT.Y-]
—— al aMNy
arvea AONVYHI IIRISNOJSIM NI HOLYHILO sadervdoa Swlos nviad fasivare
"{2lvy) O O SYH NOLLONOOYHd *ONISS320Hd 0L HOLMd .10N0CHd 40 LHEI3M wzh WS4 UNT

WS 4SS MmN kg

1SHIISAA A0

4 4y3h CIvANUE S0 LHOT IR YL ST NOTLINAOGA  tiues Mhuas vonetiitey
QAL HOL3H
g
' OalH0dan

_avese Weest /0N poneel a9 n/oy% poaz*el hoG1"9 i T
passssnnsn QALHO4AN 35¥3h9
Y 1iQ 00s

_amg kasst /9% [NBS*S 09a°1 J/9N ho02°ac  Hous'gl -1
sssnenase a2id0dad| SQLIT0S°*SNS
v lol %00

—_—lhv FRS/1 b P} 8 «uf 079¥ | . P
ssanssned GAlHOJAH | 5Q0k
: EQD

A€ PASS DT R goegngngl o imise ;

TYYTIIIY] sAsssascesjppocnsnnen0aLHOdAY g
LT 200

| &% Ac L. LOW . - o) e
AR EOORABOCRAORRRLEBRNNERNS QALHGdIAN zwwu
1]

[eapp— BLIMG mAMIMNY N POVYHIAY MMt BAINN ORINYW BOYNIAY
henee o [ + . HBLANYHVY
ERAVELREENED WO ““.—1\4.’. ? RidvEY i ALAWTAR
‘mudg Fiki BNLAEVIRED DUD 4Nl
JERARARLER ITHINT Y ST UAaR) SvDl 1AM mowd .oz NJ Hn.- NALY IO
.Jcm ARt™NIDV S
. Th
. . 113wAaav
A21440 IVNQIDEa - L — .
. .pll.n‘l weasisenl \M.QQ \NWQ mg N =

S e hoNLr T IMLSAANT  ieeee TSR R RN AR e SUNDSYFS MrInA AL

AUYOR NTOHLNOD HALYM ALYLE VINI

DHIA 40 HLIVIMNOWWOD

128



A0 10v4 YOS D oF B A

Ava | om |wvaa RERON [+ ANNLYHOIN BNYH ONLHING MO ONdAL A § A vt
|l n e poatiil W n Gewy Mg AR MRNRSIT S SR
L s L1 L] -.u.-.:n.”téot-— B3 E L DY AN A Y ONM 3O AL

oI

B SR R S AT IR RS bl
BAYO EHOMJETAMA ANBDY OAZINONLAY NO WINSA0 FAIANDENE IVLIIHING mwnwﬂ-ﬁmmr”mm.-h-mm“.l_ 1%.@““. nﬂwm-i'w_.“-ﬂ_da“._.dr-lzﬁiﬂﬂ
Ava | om fuvsa] owmavimnwes WALV ROIE PHVH OBANINS MO TEIAL TGRS QRoneeTat AYWRBHIM Bt LV 7Y 46 AL VIR Viown ASILYI3 |
BMAONIINIAD
- ke anNy
siva ACHYHD I18ISHOJSIW NI MOAVMIIO sade®ilosbuoh P oy [snawnuns susavasn
L b'l".”'l 11 |“—|'llh
AlmEka
QALHOdIY
¥ . ESTHGITY!
9B | WEZL 7AW (D000 *6E __[0000%G1 [seascesessl0/587 06L0" oy e’ 1 b
,__-.-.-.a.-.a.s.-...o._. ' Qaluodan| BSvuD
. 2 1M 005
BYud | WE/1 707 [0000° %] 0000°54. {eesessseesil/SET 020y 043g"
Y TTITIIIL axldodad| :S017105%SNS
. rivlol 400
TTBWBO [HEZY AOH [0000°(5 10000982 weseneseesl0fBa7 06L1° 108007 TR Abes
i ._-...J: LT daiaodal 1§Q08
£00
~8vy0 | iWe/] ins s, Yy 4 asineps .
b " e " ) -‘.‘.M'..-‘-'. B ‘...‘..'... [ T 2] ou&.xo&-‘ :a
o el helehrie 200
SN LHELL Jensnpanssonssanssenncesenogunesl OONW N pyvsanssvvre ANa00
) (sasssnnssnanannedansodaseqane . .«ca.-ac.:inuhxo._-c zm._.m
AT R dainn MAMNIXYN BOYWIAY MARINIA ..h-!_q.. MAMIXYN TOVYNIAY
i o HELAWYHV
ERAYFIRSS RS U AaTITAY AnigvEs B8 LLLEFAS
rees nm e B ARG T H (0 . .
LTI LTYEE R suv prmefts oW IR ON oA nous ., " SON 37104 NOVLYIaY
< T ave | &m uve ave | an Jureal : N ot ALINiDY A
- ) A - . »eiond smiESLING ™ . ..‘> . . -
- T v N BN MRS NAN AINUDd . .
39D440 IWNOIUA. - . 100 .. . -

- A .
. - R R

"ol a . Jtlo...-r
DI‘OIOI OUIHPCU._.‘.FQ

8 CHIROR AV 2L N DH (IWTHESAGNT  (omond RIS HERIA I SRALIEE ARENEN D o oA (LT AT S AR
QHYGE TOHLNOD HALYM 3LVLS YINIDHIA 40 HLTYIMNOWKOD \

129



ave | ew |uvia] waewaw | $it: INNAYNDIN v m———————— e
i WLeh 1390 et Al Rt Ry Jeptanden Rty iy gy
TR0 BHL OMIGATIN WOILY AU IiE TILY § DeILIIMGAN B04 171117 HDd LMy
e B eas trs iwer 40 w3 1181100y
sAva INOMIETIL ANBOY GRATINOHANY B0 WBFI4AQ SAILADEKD WV JIIHINY .....ucbﬂ-«..m.o:..d.“u _!en...u-._w. Bﬁﬁ.nﬁhﬁuﬂhﬂu.»hﬂﬂhwa
ava | on [uvnsa| ‘onssvarsnarumd ANNAYHOIS ARYH ARAHINE MO ARIAL PV S4rY ORI AYTIOID SAYI | Lits MVT 00 ALTIREY WI0WA A 4NED
FMOVIWBAD
— - . aNy
3iva I0UVHD 3IMISNOJE3H NI _NOLVHIIO vadados |moh P lon | rivtyun ereevase
. sk AMmubs 1WSBLLISAY
e e
ailyodiu
AelniVlAbAS
A ks
CFYRLTEY
Tanmas
! ] a3luoduu]
“BYHD (WEZL TTASH (0000°8E. (0000531  {svesneavesG/isa) j0BLCT [LAIM T aeaat
4..4-..3{.:..-_, QaLi0dad JESWIYO
, 9 0 008
“gUED | HEZT TT/UH TTOT"4H L 00Ul LL |secastgneald/SET Ndvy (111 L L
...0.44-...-.._4.._. datuodau| SOLI0SNSNS
e . wivind 400
ByE9 (He/ll- "V7OW [OUT0ES-  {0UU0YES  jweweusereql/ oG 0RiT* a580?
LI LIIT 9qgoa
_ _ R 600
THUYEY | REAY N5 10800%8 sengepanewd0Q0 Y seeensRoUntanseRRRE N
) . ._ : SRR REINS R RTaRAN OFLHOIAY ..wm
GUon | WEZ ] TRasapnasasensssnssasnasyssnsn [{I3T]] N T T e o a
jrnnssnansnfesanisninsusnnsqons susuyryrnyy | CRLHOLIN xo.._u
N PeTp— . ALINN AAMIXYHN JOVNIAY mMAWININ Ith- wWhmNIYN FOVEIAY
R i P : HALIWNVEYY
..-b.u...'.' i ’B“. .."..‘.J wh AAAMTAR
"mESs Fimg - L o1¢°ﬂ . - ’
analaBARLSNi VFRANES GAY simEde v S BLOH wowd .. [T T ..oz NJ Hn& MOIAY 30T
.- . . ALITMIDVS
SEtUNs URINBLISE R . oA
L . masressi WaaWNN AtMuTd | - T,
300430 TWRODOE. . _ AL Ce e s e
.-.llton.lll..ﬁhr av
0w o SFFIAIIT M S UhN I IV TULSAONT  (rae EATL P ERIABIPERMARD 2RI s AR AT LA

QUVYOB TOHLNOD HALYM 3LV LE VIMNIDHIA 40 HLIYIMNOWWOD

130



+9
10¥d4 B At Y s

Aavi | onm Juvaa HEASNAN wwmm ANALYNDID PRAYH AKAMING WO QD4AL e L [ p——
ek Tttt oy By gey
R T S B
qLvQ BNOHJIIIEA ANIDY GIZINOHANY MO WEDIA40 BAILAINNE T1VIIIMING AU AIEVIOIAM PIOM hguﬂﬂuﬂn-wqﬂ.oﬁﬁﬁﬂ
WIFLIY ¥IY Oy il MOVEAR NOULLYITNO S Ieil ML WL WYLYIRY S
AVG | on |wvEa | oM BAVIIJILNED PUNLY WO BAYM OFANING WO GRIAA Y BNV OEMAVEE AY ¢ BAVI § 3VIE ¥T 40 ASIVNIE WIOWN A SIINDE |
[EL-LFI) Y-
aNy
1Lve ROMYHD ¥TEISNCGISIM NI MOAVMRLOD rod™Vios|mohPnelos it Uk IR bl
] aBLMOIRY
3
QaluGdad
. LT T
.- - Mrusg
BYHY | IME/T I1A9K J000S*L]  10005%8  eeeesyenenid/S87 0560 30° i Ol
ﬁ-.m % _ll T QiLlHOdaNH 1JSVIHY
1330 00§
i LT HELL “1A0H (00002028 100005500 JeqevsqeenaiASE] {o0gt* i
_ .-.-.Ju.a.-.--. ) a3aluodat| :SOF195%SNS
— - vigl w00
BYEY | HEZX T1A0W 0000705 _jooucsag. %.....2...3%3 8R0°" {0090° 1 —
. renanganns 031Y0430 15008
: o 600
iBUH9 1 HE/T NS 0000%6 sannsuoonu/0000"9 L TYYITr ....n.un_.u..nh.. T
. ; ] MesscnsesssuansseneaelQILUOLZY Hd
...... drirird &l 200
S5¥aAN THE/ZL mogdesoannoarenNRsdnenanaqaten (OOW 23 VRN AER NNy
T o {Sniciencsaranecniuassnsnsqonns . svvvsurvans|GALUOIIY| M0y
el e ek Ao LA 100
ANy [ FYL. L, L Ll 15 4 ] OV UBAY LG L] .P..‘l.: whAmiKYym TRYNRAY
srenve - HILANVHYY
BHAYRINDRNAD B0 A4NTYAS SMISYEY B8 AllimTAR
P e R T .
SR lARARASNE YYuARER SRY SNV daY RN IR AON ﬂr—l — MOWA v .. o ..oz .UJﬁk NO{LY30M
ey ave | om fuwnal Java] an juvea ) ' ' FYYRIELY]
. ot - TA R
393430 IR0 1Oy . R
wwlass Vndinen} T
TUT0E/R0/E0  HONIW (TVEUASAONT  femasPAITL LI RINYANRD ARANR v e (LS A

QHYOd TOULNOD UILYM 2LV LE VINISHIA 4O HLTVYAMNOWWOD

131



LA novd

ava | om Juwvma wIARAN [+ IMNNLYHD IS ANYN ONANIMD KO OFdAL [T T e e p—
" -] et QORI A W sy gy Arw MRS
I8 UL NI I3 O YOS D TIY ¢ DRILIVRARD Nas by v Ly
L] I
BiVa FHOHARIRA ANIDY QRTINOHLNY O NIJI440 BAIANDEXE TVSIINING
ava | o Juvsa] ‘omasvarsisuns ANNALYHOIS ANV QRANINE MO ORdAL IV OMY SIMAVER AVIVROIVM BAYH I LTHL MYY 40 ALYYNLS V20N 4wk )
LLI-RFES Y]
amy
sive JOUYHD BTEIENGIEIN NI WOLVWIO sode™r¥los|mob S los[rasgiunassel  eanevane
.-.”“cnt. e = Mmuwe VY
Al
aaLHOo43H
_-lu.m,.-”_pd-..
Q3.LH40d3H
' CERLrL L)
WD | WEAT 149H (0005411 DI ERL] spnsoguesel/58T [OBEGTY . olid® T s se
-.-.o.fﬁ-...:...._. qaailuddin| 135Y3H9
o | 010 .008
KA BT 179K 00005021 {0000%0Y hesesgoaenI750T (00%2° jugL" e . ]
._au.m-...__c.-.._ asiuddsy| SAIN0$LSNS
? N Lol 400
R:LURN G 11700 [C000%0% (000002 ..*-.-a.:.-uﬂu.ﬂquod. CLELM L
XTITIL GFIETFER] mmomm
. . . N L . &0
SEWEY e /L _:m QUOJ 0 {nsspnsennnOpO0Y SOPRAGOMERRRGYRAp ANTRAVIREY :
- TTTTYYY Y . SeRasnaeRedens ORLHOLIY Hd
o ) ) 1200
TEYIN HEZX seansaencsusssnevnveinsnsagsane UDH "IN WRENIERNERY| SSIRTOREE,
[eesapnannajananinaensjadsnaqacs Ry T TN YT 5 T :OJ“
rhrtiod S dfedlode’ bleddedis 0
R Yo HARIXYA BOVNIAY AN oa..“z: MY IOVENAY
g B : WILIWVHVY
ANuRARSEY _ . HILVPINROERE ¥ ALIIVAS PUIRTEY w AdlANTAR
e NImA Pt R, il 1#0& M L ’
LI T AT T TR LET I FY 1Y wows 7 oA taN IDd HOVIVIe
L l ’ ’ - - ALITDVYS
. . - - ) . . - ¢> .
300440 1WROTOY SR L7 X 2N (R ) S S

LA .—(li_-llr -

anv 0.-&”3.&-“ mwvﬂ!os AV

AAFVIT .
LY LTy

HONTW MY THLEONONT  oeend PRl P ERIINTI L RANIRN 20NN B s v
QHYOE TOYLNOD HALYM ALY LS VINIDHIA 40 HLIYAMNOWWHOD

132



Slead Ymaindw]

anvo SR HSUH T T 1 AVIY19NANT

_.-.os-_ﬁllr.

Al k...-ll.l T dew

h.-o,snl HiNOLIH

SADY AR Ssuve

QHVOH TOHLNOD HILVM FLY.LS YVINIDHIA 40 HLTIYIMNOHWOD

40 novs B ATOAD BB MUt
Ava | om Juvsa wIUMAN 44 BNALYNBIN ANYN OSLNING NO ANIAL [y e g g vy
Mt g pul Sh AR My EAgieg AP B AR fuled vl B
I LN ONE Ly A 3D T LINIAROti N ORY dmid 40 AL
ST I DSN 1IN ‘Nl YRuGin STV ENILLIMEAS wO i --...—18-. LiwX
yAva INOHAIITA ANIOY AERZIOHLNY MO WEDIJ40 BATANDESY IVJIDH W SIVLIN SAV MY LN ERAOOG (1ML it 08 LLIASNE NOLLYM 1t DL Mi1M WvINAY 4
ava | on {evaa| ‘owmavdiiiwd BUALYHOIS EAYH OBANING WO OB4AL FF s QRmaremE ATIYIRORIES RAVH | L¥HL MVY 20 ALV MIS W10 A 1wE3 )
[ ES-LIFL F F1-]
auy
LV D FODUVYHD SVWISHOJSIN HI WOLVHIJG sadd™ ¥doslmahia'vu Losrraniuunase SREAVILE
= ¥ iimgBa Swugtiigaw
aQILHOSIY
F‘-.I '"."cl..l
qaLucday
guyY | WL/ L i/ oK "IN TN epsangaoen]/ 507 "IN T
! _Attnncujnl Qaluodad ISYIHY
. B _ig 005
gwES [ HELT 9 0o ee jcoacaREDORBERERE O goanneppoloponanongn hneres
msu.nt--_nntt-a--. hsassnspsojpndnapunns0aLHO4dIH 1dH3L
. — . ‘ 080
BVEY [ WL/ T T/79H TN "IN [rannaguasekl/SH T i1l R e
_‘-tvoantJ- 03LuO4AH| SAITNS %SNS
1M¥LOd 200
VG0 | HE/T 175N “IN IN____ jeessegnpesfd/S87 ™ N Y S
Iy aaldodak momm
e _ £00
“H%EY | Re/ L 15 [0000%6 sennanananO000"Y spssnsegunessnneganpal *UNAITNN o
) oa-scco-o—, hseassadansnsannsaae] QILHOIIY Hd
T o ' 200
“BY3dn | HE7 T snonoRagRusnEaCQeRRandneagenNg OOk 1} I I
RN RASDEASOARARARBRINARRGEZEINRS kvrvevvsnvey [ dALHOLI Y 40714
. . o 100
e P BAINA WANIRY ROVMIAY O aw.mt: WAMIXYN IOV EBAY NBLIAY Y
aranve p-..-c..oucc- Tem
wlivEiNEENED B8 LLIFITAS SHIRYEY bd LAIANVAR
aewo. ... FUlW . .
s avaw IBADM _ _ nows %, » *ON .35 4 HOIAY 301
. Ava | am Juwss ARVIIDVYS
. T - abtube ANINOLING A YA
1301440 WNO193Y 1500 s

(EMBYRF 210 JI MLV RRY EmYN Lalid vy
NEAIEmI] HdAEARYiENYY BILLImY RS

133



APPENDIX B
AIR STRIPPING PACKING DEPTH CALCULATIONS
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This appendix explains how the values for the COD loads, flow rates, reactor
volumes and HRT’s in Table 15 were determined. The COD loads and effluent volumes
were calculated using a combination of the process wastewater characterization data
measured during the study and the last 2-4 years of production data at plants #1 and #2.

The process wastewater volumes and concentrations shown in Table 4 are based pounds or
galions per 1,000 pounds of product for each process effluent. These values can be
multiplied directly by the amount of product processed to determine the resulting loading.
For example, at plant #1 it was determined that 11.3 pounds of COD were created for every
1,000 pounds of live crabs cooked. If a blue crab processor cooked 20,000 pounds of live
crab on a given day the resulting COD loading could be calculated as follows:

11.31b COD X 20,000 1b live crab = 226 1b COD.
1,000 1b live crab

The other process effluent loadings are calculated by the same method. Finally, all loadings
from each process are added together to give the total effluent loading from the plant each
day based on the amount of product processed. The effluent volumes were calculated with
the data in Table 12 in gallons per 1,000 pounds of product. Please note that the retort
effluent is presented as pounds or gallons per 1,000 pounds of live crab and all other
effluents are presented as pounds per 1,000 pounds of final product.

The maximum, average, and minimum daily COD loads and effluent volumes on a
monthly average were calculated using production data provided by the processors (Figures
5-10). The reactor volumes were determined using these COD loading values and the F/M
ratios obtained from the anaerobic treatment studies. The following equation was used to
calculate reactor volume:

reactor volume = (COD load)
(F/M){MLVSS concentration)

where:

reactor volume = gallons
COD load = lb/day

F/M = day*-1

MLVSS concentration = 0.03331 1b/gal (4,000 mg/L).
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Derivation of the reactor volume for plant #1 in case #1 (Table 15) is shown below as
an example. The maximum COD load in this case was 254 lb/day. The F/M was 0.05/day
because combined effluent was treated. These values are plugged into the above equation as

follows:

254 1b/day = 152,500 gallons . (0.05/day)(0.03331 Ib/gal)

Finally, the hydraulic retention time (HRT) is determined for peak, average and low
flow conditions by simply dividing the calculated reactor volume by the peak, average and
low flow rate values. As an example, the peak flow HRT for plant #1, scenario #1 would be
calculated as follows:

152,500 gallons = 13 days .
11,960 gallons/day

The same method 1s used to calculated average and low flow HRTs.
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APPENDIX C

CALCULATIONS FOR POTENTIAL

ANAEROBIC TREATMENT SCENARIOS
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PACKING DEPTH CALCULATIONS
FOR TESTED TOWER

Parameters:

Removal Rate = 95 %

Influent Concentration = 160 mg/l

Liquid Flow-Rate = 1.2 GPM

Liquid Loading Rate = 339.4 Ibs/hr/ft*
Air Flow-Rate = 500 cfm

Water Temperature = 15 deg. C

Henry’s Constant (at 15 deg. C) = .57 atm

HTU = A * (L/M)*® * (M/p,D,)** * (T/286)*>*
Where:

HTU = Height of Transfer Unit in ft

A = Constant, 0.0042 for Ammonia

L = Liquid Loading Rate in lbs/hr/ft*

M, = Viscosity of Water in lbs/hr-ft

M, = 4.3231 * (T/273)"

M, (at 15 deg. C) = 2.973 Ibs/hr-ft

p. = Density of Water, 62.4 lbs/ft

T = Temperature of Water in 0K
D, = Diffusivity of Ammonia in Water in ft*hr

D, = 6.3635 * 10 * (T/273)° * (1/V 2=
Dy (at 15 deg. C) = 6.6032 * 10° ft*/hr
V. = Critical Molar Volume of Ammonia, 72.5 cm*/g-mole

HTU at 15 deg.C =0.0042 * (339.4/2.973)°* * [2.973/(62.4 *
6.6032*10°))°* * (288/286)***

HTU = 523 ft
(C, - (1331.2/(H* AW)) * (C-C))/C,
NTU = In
(1 - (1331.2/(H.* AW))
Where:

NTU = Number of Transfer Units
C, = Influent Ammonia Concentration = 160 mg/1
C, = Effluent Ammonia Concentration desired = 8 mg/l
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AW = Air to Water Ratio = 3121 cfm/cfm at stated air
and liquid rates

(160 - (1331.2/(0.57 * 3121)) * (160 - 8)/8
NTU = In

(1 - (1331.2/(0.57 * 3121)))
NTU = In (22.97) = 3.13
Packing Height = (3 * HTU) * NTU * 1.1

Packing Height = (3 * .523 ft) *3.13 * 1.1 = 541 ft
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