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PREFACE

The 1978 Interstate Seafood Seminar was held in Nags Head, North

Carolina, from October 17 to 19. The seminar for Region III has been

held almost annually since 1946. The first proceedings of the seminar

was published in 1977. This proceedings is the second in the series.

Twenty-eight speeches were presentec. at the seminar; nineteen of

these are included herein.

Nany people were involved in preparing this publication. William

Hess, Jr. gathered the manuscripts and speeches. Yvonne Holmes and

Alice White transcribed speeches from tape and Jean B. Brewer and

Barbara Barnett typed the camera-ready script. Dr. George J, Flick

coordinated and conducted the seminar and provided the incentive for

publishing the proceedings.

Chieko E. Hebard

Sea Grant Editor



CHOLERA+

Charles C. Cot rad

Cholera has played an imp<<rta«t r< le in the history of Louisiana.

[n 1832-33 over 6000 people in New Orleans alone died from this disease.

This was the bleakest time in New Orleans history. The population was

55,000 and more than one-seventh cf the population died from yellow
�!Eever, cholera, and other causes in a one-year period. Over the

next 40 years, several epidemics of cholera afflicted the population

with each succeeding epidemic tending to be less virulent. than the pre-

vious one. The dual horrors of vellow fever and cholera were the impetus

behind the formation of the State Boar<i of Hea1th by the Louisiana Legis-
lature in 1855.

�!

The. U.S. has been spared of the 7th t<7orld Cholera Pandemic started

in Asia in 1901. From 1911 until 1978 there was only one naturally

acquired case of cholera in the contine«ta1 U.S. This occurred in Port

Lavaca, Texas, in 1973. No source was ever discovered.

On August 13, 1978, an Abbeville r=sident was admitted to the hos-

pital with severe watery diarrhea. The hospital laboratory observed

the strange occurrence of a pure cultur. of hemolytic colonies from a

stool culture. An interested laborator; technologist continued to pur-

sue the identification of the organism, and through biochemical reaction,

determined that e.he bacterium was,~ Vib.-i<<. The culture was sent to the

state laboratory where it was further identified as a V. cholerae, then

was forwarded to the National Center fo - Disease Control  CDC!. The CDC

confirmed the isolate as Vibrio chol.era» O-l, Biotype Ei Tor, Serotype

Inaba. Since mid-August, a total of 11 Vi.brio cholerae infections have

been identified, seven in Vermilion Par sh and 4 in Lafayette Parish.

Characteristics of Patients

Three persons were totally asymptomatic and were only discovered

through routine rectal swab cultures of case contacts. Five of t: he 3.I.

*This paper was written by Donald Allegro, Charles Carraway, and
Louise McFarland, Louisiana Health and Huma« Resources Administration.



patients were hospitalized. Six were male and five were female. Ages of

patients ranged from 12 to 69. Duration of diarrhea was approximately

two to seven days. All patients have recovered and none are in the hos-

pital at the present time. The hospitalized patients were ill at home

for 2-4 days before being admitted tc the hospital. All of the hospital-

ized patients were severely dehydrated on admission and one was admitted

in critical condition without obtainable blood pressure. This patient

subsequently developed acute renal tubular necrosis secondary to pro-

longed hypotension. She required one week of dialysis before discharge,

The one common denominator in the histori.es of these pati.ents was

that they had all eaten crabs 2-5 days prior to becoming ill. The crabs

were for the most part obtained privately from Louisiana waters stretch-

ing from Mud Lake west of Cameron to Vermilion Bay. The crabs were either

boiled or steamed. Although no sanitary break in handling or cooking

could be discovered in a few of the cases, it was felt that several

pati.ents had become ill by improper handlirrg of cooked crabs. Cooked

crabs were placed back in containers where the raw crabs had been stored

and maintained unrefrigerated up to six ho~rs before consumption, It is

our presumption that proper cooking killed the cholera bacteria, but the

crabs were re-contaminated when placed baca in the original storage con-

tainers.

Surveillance

From the time of appearance of th» first case of cholera, an exten-

sive surveillance effort was set in motion by state and local health

department personnel in cooperation with a team of investigators from the

National Center for Disease Control in Atlanta, Georgia.

Aj Patient In eSt t : Each case was questioned in great detail and
all close contacts had rectal swabs done arrd serum drawn for vibriocidal

antibody testing. Generally, there was good agreeraent between serology

testing and rectal swabs. Immigratiorr frortr Asian countries into Vermilion

Parish was reviewed. Since there had been no immigration since April,

1978, the possibility of recent immigrants introducing cholera was extreme-

ly remote. Also there had been no recent cases of diarrhea in foreigners

admitted to local hospitals in Vermilion Parish.



<<! ~Sewa e Survei11snce: swabs w r ' placed in town sewage systems
throughout Southcentral and Southwe ste-n Louisiana. This surveillance

is continuing at regular intervals and the only positive samples have
been in towns where known patients reside. Every positive sewage swab
could be explained by a patient and t!!< se positive sewage systems
quickly became negative on repeat test ng. Fram this iE!formation, it
appeared that our sewage surveillaii< e was quite specific and that cholera

was occurring only as sporadic cases arid was not a widespread phenomenon.

C! Water ~Ssm 1es: Municipal water sy: terna w*re tested throughout
Southern Louisiana and have been found negative for fecal contamination
and cholera.

D! Environmental ~Ssm 1'in: '<<ster and live seafood samples were taken
from all implicated Louisiana coastal waters. From hundreds of samples

of 1ive crabs, oysters, and shrimp, only one positive sample of shrimp
was found. Some patients had 1eft<lver seafood. These seafood samples

were cultured and only one refriger-ted crab was positive for cholera.

Swabs were placed in coastal E<nd inland waterways suspected of carrying
cholera. Only one swab was positivt !n the o1d Intracoastal Canal

between Vermilion Bay and Whit.e Lake in Ver<T<il.ion Parish.

E! S~erolp ic ~Serve: One hundred and five samples were obtained from
Abbeville residents at random. Eigi!t had tit.ers of 1:160 or greater and

three had titers of 1:320 or greater. Supposedly, an elevated vibrio-

cidal antibody t.iter would be evidence for a recent cholera infection.

But this test is not specific, though highly sensitive. It can be

positive with prior infections wit!! Bru ella citrobacter and other

organisms, which limits its usefulness .is an .indication of exposure to

cholera.

F! Lab with Cholera: Crab- were placed overnight in ch<ilera�

infected water in the lab. The n< x', da, thcv were cooked. Roi Ling f<ir up
to eight minutes did not kill the "ht! Le ra ctrganisms, but at eight minutes

of boiling the crabs were red and the <!!<Mat was f irm. This points out the

inadequacy of using these criteri;1 to dl termine how long crabs should be

cooked. Ten minutes or more of full b».iling did kill the cholera bacteria

in the samples. Non-pressure steaming < f crabs for up to 30 minutes did

not kill the organisms. Freezing i<!.fe< ed <.rabs will lower the number of

organisms but will not eliminate c!ic< 1< T;1 fro<!! infected samples.



Characteristics of Cho1era

Classically, it is taught that cholera presents as a severe dehy-

drating diarrhea. Cholera, however, can present as a spectrum from

asymptomatic to mild to life-threatening disease. It has been estimated

that, with cholera caused by the El Tor biotype, 75X of cases are asymp-

tomatic and only 2X have severe diarrhea. The other 23/ have mild to

moderate diarrhea. Text books state that the incubation period can be

as long as 5-7 days, but in almost a!.L cases, the incubation period is
�!from several hours to 3 days. Mucus in the stool imparts the charac-

teristic "rice-water" appearance. Although there is no absolute diag-

nostic features of cholera, some criteria are helpful. Vomiting is often

present, but usually occurs after the onset of diarrhea, which is the

reverse of staphylococcal food poisoning where vomiting precedes diarrhea.

High fever and severe abdominal pain are uncommon in cholera but often are

prominent features of salmonellosis, shigeila, and amebic dysentery.

Painful muscle cramps in cholera are probaoly secondary to electro.!yte

imbalance. Again, it must be stressed thar the severe "rice-water"

diarrhea of "cholera gravis" leading tn hypotension, electrolyte imbaI-

ance, and death is only the tip of tiie iceberg. In endemic areas, ch<ilera

should be considered in the differentiai diagnosis of any mild non-

specific diarrheal illness.

Cholera is not easily spread person-to-person, probably because of

the large inoculum necessary to cause disease. Vibrios will not survive

when dried and therefore, inanimate object; are not important in trans-

mission. Flies may transport vibrios phys'cally from excreta to food,

but since human excrement is genera11; treated or deposited underground

and food kept in screened areas, flies are not felt to be an important

means of transmission except in very poor sanitation areas.

Most patients eliminate the vibrio organisms within a few days if

treated with antibiotics and within 1-2 weeks if untreated. There have

been isolated reports of protracted vibrio excretion and even of one
 ~!lang-term carrier, Cholera Dolores. However, these reports identify

what is felt to be an extremely rare phenomenon.

Vibrios are inactivated at acid pH, ar..d those who have had their

gastric acidity barrier modified or eliminated by gastric surgery or



antacid therapy seem to be particuLarly susceptible to cholera infection.

Also lab animals who have had their normal intestinal flora altered by

broad-spectrum antibiotics have be«n shown ta be more susceptible to

c ho 1 era.

Treatment

"Cholera gravis," the severe J«hyd.:.-ating form of cholera, is a

medical emergency, Appropriate f I>ii d»>snag«r»ent is the cornerstone of

therapy and should be instituted i»»»«diat«iy. Cholera diarrhea is gen-

erally isotonic containing about 1'3'> m«q/I of Na+, 13 meq/1 of K+,

105 meq/1 of Cl , and 45 meq/1 of HCO The best single IV replacement

fluid is Ringer's lactate with 10-1> meq KCl supplementation. Normal

Saline �.9/! with 1 amp of bicarb<>nate per l.iter and 10-15 meq KC1/!

can also be used. IV fluids sh<>uld I>e given in quantities sufficient ~!

to replace the fluid that the patient h.is lost through vomiting and

diarrhea. Fluid requirements may b« en<>rmous with some patients requir-

ing over 20 liters in 24 hours. Eiectrc>lytes should be followed care-

fully, and if the patient appears .icidot ic, arterial pH should be moni-

tored if available. Antibiotics shorten the duration of diarrhea and

the period of excretion of vibrios. Tet racy< line is the drug of choir e

given in doses of 250 mg orally every 6 hours for 5 days. This should

be started when vomiting subsides. Fur>.zolidone is preferable for

children and pregnant women. Parent «ral antibiotic treatment is

unnecessary and may actually be dar>geroc s. Parenteral cephalosporins

and aminoglycosides can accentuate renal insufficiency in patients with

severe dehydration. Kaopectat«, anti.spasmodics, and other anti-diarrheal

agents are of no known value in treating cholera. In children with

cholera, physicians should be alert to the p<>ssibility of severe hypogiy-

cemia which can present as convulsions cr coma.

It is unnecessary and undesirable to use stringent isolation proto-

cols for cholera patients, Close personal contacts of cholera patients

are not in jeopardy if simple handwashing and careful disposition of the

patients' excreta are enforced. No masks, gowns, or physical isolation
is warranted.



RecorrIrrendations and P1ans

�! Surveillance of sewage, water, and live seafood  oysters,

crabs, shrimp! will be continued indefinitely. All 48 commercial

establishments that process crabs will have raw and cooked crabs

sampled as well as the effluent from the washings of the crumbs.

�! Crabs are safe to eat if handled and cooked properly.

Recommendations for the handling and cooking of crabs are as follows:

Crabs should be boiled for a full 15 minutes. This 15-minute period

should begin not when the crabs are put in the boiling water, but

after the water they have been put into comes to a rapid boil again.

Cooked crabs should not be placed back into the containers in which

they were originally stored before cooking, Utensils used in handling

cooked crabs should be kept separate and not used for raw crabs, Steam-

ing of crabs is not recommended at the present time, These recommenda-

tions have been. forwarded to all seafood restaurants in southern Louisiana.

�! The State Central Lab in New Orleans and its two regional labs

in Lake Charles and Lafayette and five other hospitals in southern

Louisiana have begin routine plating of stool and rectal swabs from all

diarrheal illnesses on thiosulfate � citrate-bile salt agar  TCBS!. This

medium is specific for vibrios  cholera and non-cholera vibrios!. Since

we have had cases of Vibrio cholerae and Vibrio arahaemol ticus this

year in Louisiana, we recommend that every hospi.tal in southern Louisiana

obtain TCBS and routinely plate on this medium all stools submitted for

routine culture. If colonies grow out on the TCBS, the specimens can be

submitted to the Regional or State Health Department labs. Specific tests

can be done on. those to determine if the vibrios isolated are truly V,

cholerae or one of several non-pathogenic strains of vibrio.

�! Cholera Vaccination: Vermilion and Lafayette Parishes are tem-

porarily defined as cholera-infected areas by the World Health Organization.

Travelers from these parishes will be able to visit Europe, Mexico, and

most other major tourist centers without cholera shots. However, the fol-

lowing countries will require cholera shots from travelers from these

parishes: Albania, Angola, Brunei, Cape Verde, China  Taiwan and People' s

Republic!, Egypt, Fiji, Iran, Iraq, Laos, Libya, Arab Jamahiriya,

Madagascar, Mali, Nauru, Pakistan, Panama, Pitcairn Island, Qatan, Ryukyu

Islands, Saint Helena, Seychelles, Swaziland, Yemen, and Zambia. Five



countries that always require choJ era vaccination from all travelers are
�!Malawi, Ma ldines, Mozambique, Papua New Guinea, and Saudi Arabia. I t

is not recommended that cholera shots b given indiscriminately to all

travelers. Under the most favorable circumstances, the vaccine is only

50-60% effective and then only for a few months. Also there are mild to

moderate side effects of the shots. Almost all recipients develop a sore

arm and some develop constitutional symptoms, e.g., malaise, generalized

aches, and slight fever lasting 24 to 48 hours, sometimes severe enough

to require absence from work.

l3iscussion

It is still unclear how the implicated crabs became infected with

cholera bacteria. It is known that different types of vibrios  e.g.

! are common inhabitants af our coastal waters, and

it is possible that cholera has been with us a long time and only

recognized now because it was fortu'itously tested for. Crabs were

obtained from several different widely . paced fishing areas and it is

hard to imagine a single common source < ontaminating all the areas. We

may have a few more isolated cases, but we do not expect a major out-

break. Cholera is not propagated in areas where there are safe drinking

water and adequate sewage disposal. As long as these are maintained in

proper condition, it ie ~eatremel unlikely that we will be faced with a

major public health threat from cholera.
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MONITORING OF IMPORTED SEAFOOD PRODUCTS

Richard Dawsc n

The subject of my talk is imported seafood products and the involve-

ment of the Food and Drug Administraticn in this area. Under Section 801

of the Food, Drug, and Cosmetic Act, imported products are treated in the

same manner as domestic products, Our district investigators review

lists of products offered for entry into the U.S. to determine what pro-

ducts are being offered and that they meet the same regulations as domes-

tic products. They conduct wharf examinations to actually see if. products

meet our requirements. If collected samples violate the FD 6 C Act, they

are detained. The cause of detention varies from violating the Food Pro-

duct Labelling Act to products being decomposed or adulterated with pesti-
cide, chemicals, or other reasons.

FDA's strategy for the enforcement of the regulations on imported

products revolves around surveillance of ships, planes, ports and pro-

ducts offered for entry. In 1972, FDA imp1.emented a new import coverage

strategy designed to increase surveillance. One tool of that strategy

is the mobile laboratory which we set up in particularly large ports to

examine merchandise right at the port, thus reducing the time for anal-

ysis drastically. A decision can then ~e made more rapidly as to whether

the product shouLd be released or detained.

In 1972, we instituted the "circu.i rider" program. On the Canadian

border from Maine to New York, there are a lot of very small ports,

actually very small towns, where truck shipments enter the United States

from Canada. In addition, a I.arger amount of merchandise is entered

through Canadian ports, then subsequently entered into the United States

through some of these small ports. previousIy, we gave very little
coverage in this area. Starting in 197;!, however, we stationed our

people at these. small ports from time to time, and sampled and reviewed
all the merchandise that was entered..

We also utilize saturation sampling. In this instance, we pay

attention to one particular product from a particular country and

sample that product at all of our ports for a certain period of time.
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This gives us a good overview of how that product meets the require-

ments of the FD 6 C Act's regulations.

Currently, a va3t amount of firms are shipping via containerized

cargo. This method of shipping has posed many problems for us. How

could we sample a closed container being shipped inlandP We now have

agreements with various shipping agents to do our sampling at various

breakdown points where the containers are stored prior to shipping.

We have also intensified our coverage of importers who are found

to be consistently handling suspect products. In these instances, we

utilize the saturation sampling technique. This increased sampling

program has resulted successfully in numerous detentions including such

seafood products as shrimp. In some cases, we have "block listed" vari-

ous products from various countries. This procedure results in detention

of the offered product upon entry into the country, without sampling or

analyzing the product!

Another way we are trying to increase our sampling program and

our assurance of acceptable products entering this country is the develop-

ment of cooperating agreements and certifi"ation programs, such as shell-

fish sanitation programs, with foreign countries. For example, we had

large amounts of decomposed tuna from Japan being offered for entry in

1972. We sent to Japan a team of experts who worked with the Japanese

setting up an inspection program. Now the Japanese inspect any shipment

going to the U. S. on a lot-by-lot basis. This has resulted in a better

product being shipped. We encourage expanded foreign inspection of pro-

ducts shipped to the U. S.

Our foreign inspection program, that is, the on-site inspection of

manufacturers, currently is limited to the drug and device area. We

do, however, expand that program to include food when we are requested.

At this time, we do not have any legal authority to inspect foreign

food plants. This is the ma!or difference between domestic food pro-

ducts and imported food products and in the way they are treated or

inspected by FDA. However, as mentioned earlier, if we do encounter

continuing problems, we assist when requested, and naturally also stop

or detain violating products. For instance, in 1973, pistachio nuts

coming from Iran and Turkey were being detained. We were requested and
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went over and set up a self inspection program, working with the

governments and the industry. Since then, we have not encountered

serious problems and pistachio nuts are being allowed entry. Another

example, frog legs from India, has not worked as well. We were having

problems with salmonella. We went to India and set up s sanitation

program. For a while it worked. However, it has since deteriorated

and we are now back to lot-by-lot examination.

We are currently in the process of developing procedures for

supplying the U. S. embassies with information on imported and ex-

ported products. We have given some thought in the past to setting

up attaches within the embassies around the world. We are still in

the process of evaluating this proposal and are not prepared to

implement it at this time.

In England, two persons recently died of botulism after eating

canned salmon from Alaska. As a result, the English banned a11 ship-

ment of canned sa1mon from the United States. We immediately worked

with our embassy in England and the English government on this problem.

The ban currently applies only to canned salmon shipped from the sus-

pect plant in Falls Castle, Alaska, and does not cover all the salmon

shipped from the U. S.

We have tried as much as possible to open our line of communication

between industry groups and foreign governments. An example of this

liaison can be seen in the case of ce-,tain French cheese implicated in

a case of food poisoning on a plane from Paris to New York. We learned

that the cheese was contaminated with E. coli and that, in fact, most

of the incoming cheese of the same type was also contaminated with the

organism. We then worked with the French embassy, the French govern-

ment, and the industry to correct this situation. I am happy to report

that the situation has improved considerably.

The Food and Drug Administration also encourages exchange of

personnel between governments. Recently, I was on an assignment ta

Kuwait. I spent about seven months there working with the Kuwaiti

government on legislation and reviewing their inspection procedures.

As you may know, Kuwait is a large exporter of shrimp. At the time

I was there, FDA was detaining an abnormally large amount of shrimp
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from Kuwait. In fact, all shrimp from Kuwait was suspect. However,

I ~orked with the Kuwaiti government and the industry with the result

that the shipment of deco@posed shrimp from Kuwait was terminated.

I appreciate the time you have given me to express some of the

procedures FDA is currently utilizing to monitor entry into the country

of products under our jurisdiction. It is an extremely difficult pro-

gram to manage and our people are doing their best, We recognize that

improvement is needed, and are making changes when necessary. If any

of you have suggestions, I would be happy to discuss them.



NEEO FOR STANDARDS FOR REE LIQUOR IN OYSTERS

J. W. Ferguson

I am Chai,rman of the Board and General Manager of J. W. Ferguson

Seafood Co., Inc. and the Zero Seafood Inc. of Remlik, Virginia.

Ninety percent of the seafood we produce are oysters in some form;

fresh oysters, fresh frozen oysters, frozen oyster fritters, and fro-

zen breaded oysters. We produce seed oysters and shucking oysters on

the 7,000 acres of oyster planting ground we manage. Of the 80,000

bushels of adult oysters we process eac:h year, 50,000 bushels are grown

on our own grounds. Our company has been in the oyster business since

1948 and distributes oysters over the ~ ntire United States and part of

Canada. We have had many problems within the oyster industry.

The growing of oysters to an «dult size is a major accomplishment

in itself. We have to cope with storms over the water, floods from the

land, changes in the salinity of t.he water and so on. When the salinity

of the water remains below five parts per thousand for ten days, all the

oysters on the bottom die. We have had a fungus disease in oysters that

destroyed all the oysters in some areas. We are hopeful that this prob-

lem will be controlled so that the oyster industry can survive.

The problem I want to speak with you about is something that must

be controlled if the oyster industry is to continue to have a market for

its product. Because of the particular characteristic of the animal,

the oyster meat is very delicate 5n its makeup. It is about 85X liquid

and 15X solids if it comes from the. water with high salinity, and 90X

liquid if it comes from the low salinity water of nine to twelve parts.

Because of variation in the water content of the oyster meat, the Food

and Drug Administration has been reluctant to regulate the amount of

free drain liquor in fresh packed oysters.

The difference in the water content is about lOX at most. But the

oysters which contain as much as 30 to 40X free drain liquor are being

put on the market. Now what does this do to the retail market, the

largest food market we have in the country?
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Any manager of a retail market can tell you that the sale of fresh

oysters has dropped as much as 50/ in the last decade while the sale

of most other foods has increased. For instance, a housewife buys a

12 oz. can of select oysters for $2.40 and finds only twelve small

oysters in. the can, when there shouj.d have been 20 to 23 nice size

oysters. She is not going to continue to buy oysters and I can't blame

her. Because of the loss of this market, we of the oyster industry

are selling mostly to institutional users of oysters.

Before the oyster industry finds itself withering on the vine, so

to speak, I believe the state and federal agencies should step in and

solve this problem for us. Regulations for the percentage of free

drain liquor could be something like this: Fresh oysters should not

contain more than 15Z of free drain liquor at the time of shipment or

at the time of delivery, provided that the draining is done when the

temperature of oysters is 40oF or l.ower, Ny company has had printed on

all of our fresh oyster cans this wording: "This package contains 85/

or more solid oyster meats."

The oyster industry and state and federal agencies should be more

concerned about the quality of oysters on the market. There used to be

competitive marketing of oysters on quality and price. But now the in-

dustry is competing only on price, and you can surely sell faucet water

at a lower price than oysters. Let's say a can of oysters with net

weight of 12 oz. retails at $2.40 and has the free drain liquor content

of 12/. Then, drained oysters, 88/ or 10.56 oz. of the total weight,

cost $.2286 per oz. But the same l2 oz. can selling at retail far $2.10

and draining 35/ free drain liquor contains only 7.80 oz. of drained

oysters, costing over $.26 per oz, of oyster meat.

Now you can see that whil.e a good quality 12 oz. can of oysters

is sold for $2.40, the price cutter can sell the same size can for $2.10

by adding water and make $.03 per ounce or $4.08 per gallon more. At

present, our wholesale price of a 12 oz, can of select oysters is $1.90,

or $18.83 per gallon, with eleven cans per gallon. The poor quality 12

oz. can priced at $l.60 at wholesale would gross $22.40 per gallon,

with 14 cans per gallon. After deducting the cost of can and freight,

it would net $20.33 per gallon.



My company will continue to pack wholesome and high quality

oyster products. But we are concerned with the very unhealthy con-

dition of the oyster industry as a wbcle. The oyster industry should

be encouraging more people, including young people, to eat oysters,

because oysters are healthful and a goad buy. But this is not the

case at all, and something must be done about it.





A REVIE4f OF BIOLOGICAL AND ECOLOGICAL FACTORS !NFLUENCING
THE SURF CLAM  S insula solidissima! AND THE

eEa 0 A 0

Dexter S. Haven

Introduction

This discussion highlights some of the important factors relating to

the biology and distribution of the arctic quahog  Arctica islandica!.

The distribution of this species is fairly well known. Few studies, how-

ever, have been published relating to its growth, spawning habits, and

other factors. The reason for this is that, only during the last three

years, have significant quantities of the ocean quahog been landed. This

species is caught by the same gear as is used for surf clams  ~g isula

solidissima!. The range of the two species are similar; both are subject

to nearly the same hydrographic conditions. Therefore, this discussion

will include information on both speciea.

Gear Used to Harvest Surf Clams and Ocean quahogs

Both species are caught in large box-like dredges which are dragged

over the bottom and emptied at intervals on the deck of the boat. The

dredges loosen the clams from the bottom with powerful Jets of water

pumped to the dredge through a hose at the rate of 1500 to 3500 gallons

per minute. The blade of the dredge which slices through the substrate

ranges from 30 to 84 inches in width  Rcpes, Chamberlin and Merrill,

1969!. Today, even larger dredges are used.

A typical surf clam dredge boat operating off the Virginia coast

catches from 3 to 682 bushels per hour  Ropes and Ward, 1977!. The

National Marine Fisheries Service uses a conversion factor of 17 pounds

of meats per bushel. However, the edible meat content for clams caught

off the Virginia coast averages 12.55 pounds per bushel since the vis-

ceral mass is removed prior to processing  Loesch, 1977!.

The typical catch of a dredge boat fishing for A. islandica ranges

from 600 to 1800 bushels per day. The latter figure represents the usual
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capacity of the boat. Most boats fishing for surf clams and ocean

quahogs return ta port with their catch within 24 to 48 hours.

A HIstory of the Surf Cl~m FIshery

The history of the surf clam fishery can be divided inta five

periods. The early period was one of limited use of this enormous

resource. It began about 1870 and bv 1942, annual landings had reached

only 753,000 pounds. Most of these clams came from the New Jersey,

Lang Island area.

The second period started during the years of World War II when

there was a rapid expansion of the clam fishery. By 1947, landings

reached 5,329,300 pounds.

The third phase was characterized by a rapid rise in landings.

The fleet used better equipment and increased in size. This put greater

fishing pressure on the mid-Atlantic populations. By 1966, total East

Coast landings had increased to 45.1 million pounds.

The fourth stage was marked by;< fuxther increase in numbers of

vessels and an increase in landings, Of great significance was the

expansion of the fishing area ta inc.ludo waters aff Delaware, Maryland

and Virginia  Table 1!. In this period, landings in the Chesapeake

region increased from 1.1 to 63,6 miILion pounds. Total landings from

all areas reached an all time high in 1974 of 96.1 million pounds

 Bruce G. Nichols, Personal Communicatians!.

The beginning of a decline was marked in 1974 in landings for both

Chesapeake and Mid-Atlantic regions. By I.976, landings had dropped to

only 51.0 million pounds. Studies bv NOAA, the states and regional

regulatory groups showed that overfishing was occurring. Catch per unit

of effort was declining. Because overfishing was evident, quotas on

landings � 1,800,000 bushels per yeax--wer= imposed by the Secretary of

Commerce under the Fisheries and Conservation Management Act. The plan

was designed to allow surf clam populat.ious to rebuild to the levels

which would eventually allow annual harvesting af 50 million pounds,

the present estimate of the maximum sustainable yield  MSY!. Surf

clam boats now work only one day or one � h,elf a day a week.
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Table 1. Landings of Surf Clan Meats in Millions of Bushels � 1966 to
1977*

Mid-Atlantic ChesapeakeYear Total

1966 43,845.1

1967 45. 0 0. 0643. 0

1968 40.5 5.335.2

1969 49. 5 42. 2 7.3

1970 14. 667. 3

1971 40.l 12.352. 5

1972 30.763.4 32.6

1973 82. 3 50.731. 5

1974 96. 1 32.4

1975 86.9 47. 8 39. 1

49. 11976 27. 9 21.2

24.21977 51. 0

+NOAA data  personal caaanunications, Bruce G. Nichols, State Fish Pier,
Cloucester, Mass.!.
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The Ocean g Ua hog Fi she< y

The ocean quahog fishery is sti 1 l i» developmental stages. It began

slowly in Rhode Island where 1.5 million pounds were landed by 1946. By

1976, landings were still only abou< 5 m .llio» pounds  Federal Register,

1977!. As surf clams began to declL»e i» abundance, and as quotas were

imposed, however, the industry turned to the ocean quahog. The latest

information availabl.e suggests that sbout 18 million pounds of ocean

quahogs were landed in 1977  Bruce  ;. Nichols, Personal Communications!.

Range and Habitat of the Two Species

Surf clams occur from close to shor» out Lo depths of about 60 m

from the Gulf of St. Lawerence to South Carolina. In the northern part

of this range, they occur close to shore and al.so far out over George' s

Bank. To the south, the densest popu.Lations occur in the deeper waters.

Off Long Island, the average depth is about 21.2 m; off Virginia, it is

32.1 m.

The ocean quahog is a boreal species and lives on both sides of the

Atlantic Ocean. On the East Coast, the :outhern limit is North Carolina.

It lives further offshore than the surf c.1am from 15 to 234 m, with the

largest concentration between 25 to h0 m.

Surf clams and the ocean quahog both inhabit a wide range of bottom

type from gravel to sand and mud. Both . pecies typically live with their

posterior end about 1/2 inch below the sediment surface, and with their

fused siphons extending into the water cc lumn.

The ocean quahog does not move significant distances as an adult.

In contrast, surf clams have the ability to move about on the bottom

and even glide short distances through the water. They do this by

expelling water from the mantle cavit.y by opening and closing their

shells  Merrill and Ropes, 1969!. Small clams l to 2 inches can reach

an elevation of .25 m off the bottom by the action of their foot and

shell  John N. Kraeuter, Personal Communications!.

Surf clams may aggregate in shallow waters along the offshore edge

of sand bars. Clams from these locations are sometimes driven ashore by

storm waves and deposited on the beach. In 1964, for example, at Wallops

Island, Virginia, clams averaged 20 per square foot along a two mile

stretch of beach  Ropes, Chamberlin and Merrill, 1969!.
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Temperature and Salinity

Surf clams and ocean quahogs live in the cooler high salinity
waters. Recent studies by NOAA show that average bottom temperatures

in September off the Long Island, New England coast where most surf

clams occur, range from about 14C along shore, to about 8-12C in deeper
waters. During the same month, they oc ur along shore in Virginia where

temperatures range from 25C where smail populations exist along the
inlets to about 8-14C in deeper waters.

Reproduction - Larval Life

Surf clams begin to spawn at one year of age. There are two spawn-
ing periods. The first  major! period occurs from mid-July to early
August, and the second  minor! period from mid-October ta early November
 Ropes, Chamberlin and Merrill, 1969!. In the laboratory, surf clam
larvae have been reared to setting size in 19 days at 22C. Available
evidence shows that recrui.tment to the fishery is not regular, and that
the occurrence of dense populations may be the result of a single suc-
cessful year class.

The ocean quahog spawns from June to October with a peak in August.
Little is known about recruitment rates  Federal Register, 1977!.

Age and Growth

Techniques have been developed to determine the age of surf clams
and ocean quahogs by examining a cross-section of the shell surface.

Studies show that shallow water populations of surf clams from the New

Jersey region reach a length of 94 mm in five years and about 110 rnrn in

ll years. Few clams over 10 years are found inshore. Offshore popula-
tions from the same region grow faster. At 5 years, they average about
114 mm and at 11 years, 146 rmn. Growth slows after 10 years, reaching
about 150 nnn by 15 years. Offshore clams are long-lived and commonly
attain ages of 25 years and occasionally 30 years. At this latter age,

they may average about 165 mm  Jones, Thompson and Ambrose, 1978!. Surf
clams seldom exceed 207 rnrn.

Little is known with certainty about the age composition of ocean

quahog populations, A preliminary study, however, indicates that this

species may first enter the fishery at 60 years and that the average
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age of those now being landed may be up th 110 years. Thei.r maximum size

is about 127 mm.

Adverse Aspects of the Fnvironment

Surf clams and ocean quahogs hate no known fungus diseases such as

MSX or Dermoc~stidium. I>oth spe ies. however, are consutsed by predators

which include fish, moon snails, conchs arrd crabs.

Surf clams from along the Virgirria arid South Carolina coast may be

infected with immature nematode worms whif h do not cause economic concern

until infected with the hyperpara ite Uro.~oridium ~sisuli. When this

protozoan sporulates, the spores give the nematode a brownish-black color

making it visible in the clam tissue All spores are killed at 5 � 30

minutes at 100C  Perkins, Zwerner an<I Dias, 1975!.

During the summer and fall of 1 976, anoxi< conditions existed in an

area 40 miles wide and 100 miles long, star ting about 4 miles off the New

Jersey coast. It extended south to t.he mouth of Delaware Bay and out to

the depth oi 54 to 64 m. Losses of surf < lams were calculated to be

53,500 tons; loss of ocean quahogs was n<>r calculated  Forste, 1978!.

A second problem common to both specres is the fecal coliform con-

tamination due to the Philadelphia d<rmp s~.te located 35 miles off the

Maryland coast. This sludge dumping site occupies about 9.5 square miles.

Levels of fecal coliform for both spat ies exceeded recorrmrended guidelines.

It was calculated that 600,000 bushels of ocean quahogs were influenced.

The surf clam, when exposed to a northern bloom of the toxic dino-

flagellate Go~n aulax tamarensi.s, con:vntrated paralytic shellfish poison

 PSP! and retained it for a period of over one year  Blogoslawski and

Stewart, 1978! . It is probable that. <>cear> quahogs living in deeper

waters would also accumulate this toxin.

Summary

The surf clam and the ocean quahog o< cupy similar habitats off the

East Coast; both have similar problems re ated t.o water quality and their

environment. Overfishing has occurred for the. surf clam. The recent

increase in landings for the ocean quahog  in relation to its long life!

suggests that this fishery will short Iy ex'>erience a similar problem.
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HEAT SHOCKING OF OYSTERS

John W. Hazelton

Heat shocking of oysters has been used fn the State of North

Carolina for several years, especially in the southern section of the

state. This method is designed primarily tn shuck the long-blade,

cluster-type oysters which are otherwise difficult to shuck because of

the razor sharp edges of their shell. Heat shocking also makes the

shucking of the oysters economically feasible.

The method used for the heat shocking of oysters is commonly

referred to as the "hot dip" method. Oysters are transported from the

place of catch by tractor trailers and refrigerated Thermo-King trail-

ers. Shell-stock must be pre-containerized in bags, have certification

tags attached, and then be placed on pallets in the trailer. The last

procedure elevates the oysters off the floor of the trailer by approxi-

mately eight inches, thereby permitting air to circulate freely. The

temperature should be maintained in the 40 F range, but preferably at0

0
40 F to ensure safety.

From the trailer, the oysters are transferred to a refrigerated

shell-stock room where they are washed reasonably free of mud and

detritus. This is usually accomplished manually by the use of potable

water under pressure. Sometimes another method is used; the oysters

are placed in a motorized tubular wash machine which cleans the oysters

with ! ets of water as it revolves. Oysters are then placed in one-half
bushel baskets.

The shell-stock then enters the heat-shock room, which is separated

from the shell-stock room and usually situated between the shucking area

and the shell-stock area. The one � half bushel baskets are placed in the

hot dip tanks which are constructed of non-corrosive type material for

easy cleaning and rapid drainage. The tanks are thermostatically fired

with a booster heater, using gas or fuei oil as the source of energy.
Each tank normally accomodates l0 one-half bushel baskets  two abreast
and five deep on each side!.

Removable metal grates are installed at the bottom of the hot dip
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tank to elevate the baskets four to six inches, thus preventing sedi-

ments and silt from entering the shells of the oyster. The amount of

water required in the tank is approximately eight gallons per one-half

bushel of oysters. Odors and condensation are generated by the use of

booster heaters in the heat shock room. These are vented through ex-

haust fans installed on the roof or wall.

When the temperature of the water in the tank reaches 145-150 F,

the one-half bushel baskets containing oysters are placed in. the tank

and "shocked" for 3 to 3Q minutes. An accurate thermometer is used to

check the temperature of the water in addition to the thermostatically

controlled booster heater. A timing device is usually mounted on the

mall to ascertain timing. The oysters are shocked only long enough to

relax the adductor muscle. The relaxing of this muscle allows the

shucker to enter the oyster, usually at the distal end of the hinge.

The muscle is then severed and the oyster meat is removed from the shell.

Over-shocking of oysters results in the opening of the shells, which is

neither desired nor permitted.

Upon completion of shocking, the oysters are immediately removed

from the tank and quickly cooled down by running potable ~ater to re-

tard bacterial growth and cooking process. The internal temperature of

the oyster at this point is reduced to 100-110oF. After shucking into

stainless steel pint containers, the internal temperature at the shuck-

ing table is further reduced to 80-90 F.

Since time and temperature are of great importance, additional

cooling methods are used. One method is to place shucked oysters in

stainless steel containers with ice from approved source. These con-

tainers are situated near the skimmer in the packing room, They are

emptied into the skimmez and cleansed by running water. Most wells in

this area have the water temperature of about 65-70 F.

A water line, usually a three quarter-inch coiled copper tubing

approximately 100 feet in length, is installed in the ice room, often

under the ice bin. This further reduces the temperature by approxi-

mately 10-15oF. After cleansing, shucked oysters are canned, sealed,

iced, and placed in the walk-in refrigerated cooler. The internal

temperature of the finished product should be 40oF within two hours.



In closing, I would like to say that adequate organization and

supervision are essential not only in the "hot dip" method, but in any
method you choose to use. With adequate supervision, we can success-

fully put good safe products on the market for human consumption.
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RANGIA CLAM MICROBIOLOGY SEUDY

Barney E, Kin»

Some of you know the Rangia clam by other names that are not very
favorable. The basic reason for studying the Rangia clam is that there

seems to be a potential for marketing i .. It has some characteristics

that are less desirable than other clams; when heat-processed, it has a
particularly disagreeable taste. Some of you from Louisiana, Florida

and Gulf Coast states are familiar with this clam, but it is a newcomer
to us in North Carolina. Due to a rang» extension or resurgence of
population since 1950, it is now abundant in the fresh parts of estu-
aries all along the Atlantic Seaboard up to Maryland. There are poten-
tials for thousands of bushels of commercial harvest, if we can over-
come some of the problems with this organism,

The principal problem is that the clam seems to have a naturally
high standard plate count. Interstate shipments of the clam have been

seized in the past because of standard plate counts exceeding 500,000
per gram. The State of North Carolina followed up on some of the

seizures and found that freshly harvested Rangia clams in fact had a

very high count. When freshly harvested under good conditions and

shucked aseptically in the lab, most shellfish can be expected to have
a standard plate count of about 3,000 per gram. Under ideal conditions,
the Rangia clam has counts from 30,000 to 4,000,000 per gram, Standard
plate count doesn't seem to be a functional test.

We were asked to study the clam to Find out if the high bacterial
count presented any particular public health problem. With the assis-

tance of Bob Benton and his staff, we located some sample stations on

Albemarle Sound here in North Carolina in both open and closed waters.
Our strategy was to examine the clams, their substrates and the water

column around the clams at varying sites., and to examine each of these

3 types of samples for fecal coliforms, total coliforms, fecal strep,
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and standard plate count. We also screened the clams for bacterial

pathogens, particularly salmonella,;higella and vibrio. Out of curi-

osity, we also looked a staphylococci., although normally not a water-

borne disease of shellfish. We split samples and shared them with Dr.

Mark Sobsey for viral analysis. Sites 1 and 2 were in approved waters,

Site 3 was located near a closed area, and Site 4 vas located well inta

a closed area.

It is of historical interest that Rangia clams were marketed in

a variety of forms in the late, 180C"'s. In 1890, they were marketed in

Texas as Texas Little Necks, They didn't seem to turn people off with

their taste then. They look quite attractive and mi.ght be mistaken for

little neck clams. But I think yon can tel/ the difference between

Rangia clams and little neck clams if you eat them.

The clams collected were put in plastic bags. Polycarbonate soil

core tubes washed with a chlorine solution were used to core the bottom

sediment. Regular water sample bottles were used to collect the water

samples. We made monthly sampling trips to each of the sites to get a

year-round pattern and to see if there might be a seasonal variation,

particularly if the clams might meet the market standards during one

season while in others they did not.

We used standard methods for the analysis af shellfish. For the

pathogens, we used the FDA's Bacteriological Analytical Manual for Foods,

1976 edition. We tried not only to screen for the pathogens but also to

enumerate them, for we wanted to see how many pathogens there were per

gram of sample.

Using aseptic techniques and FDA-recommended procedures, the typi-

cal standard plate counts for July were 100,000 organisms per gram in

Site 1, 20,000 in Site 2, 32,000 in Site 3, and 150,000 in Site 4. The

geometric mean counts for the whole year were 59,000 for Site 1, 66,000

for Site 2, 120,000 for Site 3 and 640,000 for Site 4.

An interesting thing was that, in simulated commercial storage,

the dry shellstock refrigerated at 4 C ~intained only about a three-

fold increase in standard plate count ia 12 days of storage. But if

we shucked the clams, there was a three-fold increase in standard plate

count in only 5 days. So if the cLams started out with an average

110,000 count. and had a three-fold increase in 5 days of shucked storage
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under ideal storage conditions, they would not meet market standards

for SPC.

The total colifom count of the water was very erratic and did not

correlate well with the total coliform count of the clam. There were

times when the total coliform counts were excessive even in open waters.

We found a strong correlation between "ecal coliform counts of the clams

and fecal coliforms of the water colures above them.  r .739 p<.01!

We found essentially no correlation between the fecal coliform counts

of the bottom sediment and those of th» clams.

The standard plate counts in the sediments were erratic and rou-

tinely fairly low compared to those of the clam. One would think if

there is a correlation between the fecal coliform counts of the water

column above the clam and those of the clam, then there would be a

correlation between the standard plate counts of the water column and

those of the clam. But we did not fine. that to be true.  Correlation

of clam SPC with water SPC: r = 0.05 1 .369!.

Rangia clam, like all filter feeders, seems to reflect in kinds

of organisms the population of the water over it. But there seems to

be a base level population of bacteria residing in the clam that are

independent of the fluctuations in the water column above them. Of

course, there is a time factor; the water we get for sampling is not

the same as the water the clams filtered a few hours before. So we

need to follow up on retention times of organisms filtered by the clam
from the water column. We found very few indicator organisms in the
sediments. Even when the fecal coliforms were high in the water, there

were very few fecal coliforms in the substrates.

Of potential pathogens, we did find in the clam Vibrio cholerae,

Representative isolates were found to be nonagglutinating vibrios  NAGS!

by the Center for Disease Control. Their numbers were fairly low, on
the order of 2,000 per gram in summer months to about 10 per gram in
winter months, Vibrio .-like organisms were also higher

in the summer months and dropped down in the winter months. Their

numbers were generally fairly low �00 per gram in summer and undetect-

able in winter!. We did not use any special techniques such as salt
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where samples were collected were general.ly less than 5 ppt. These two

potential pathogens were the most abundant, although very low in counts.

On twc isolated o"casions, we found some staphylococci in the clam.

The counts were about 620 per gram, even cou~ting all weakly coagulase-

not find any salmonella. In the summer months, there was an outbreak

of Achromobacter. Achromobacter violaceum was isolated among others.

Interestingly� we found Achromobacter in the ct.am whenever we found

them in the water. In general, the 'lama obviously pick up microorgan-

isms that are in the water above them. But there is a basic level that

is maintained in the clam regardless of the environment, for. the number

of microorganisms we find in the water, as previously mentioned

not correlate with the number of microorganisms in the clam.

In summary, we did not find any bacterial pathogens that we would

regard to be significant in the Rangia c Lam. 1 wouldn't like Vibrio

plant without adequate controls, But their number seems to be too low

to cause any problems unless the product is mishandled. In the case of

salmonella and shigella, it is essentially a situation of no organisms

present in the product.

Preliminary st'udies on the shelflife of Rangia clams are not con-

clusive. Hut it looks as though there will be a problem in storing

these clams for more than 5 days as a shucked product. They may be

stored 12 days or even 21 days if refrigerated in the shell., but that

is not the form in which we believe the industry would like to market

this product.

An early attempt at pasteurization of the clams seems to be quite

successful. First we held the clams in a weak saline solution to get

rid of some of the grit and hopefully affect some improveroent in their

flavor. Then we shucked and pasteurized them  80oC for 1 min. interior

temperature!. Ne don't know how long we can keep them that way, for we

cut off the experiment at 21 days. But the bacterial counts at 21 days

were less than 3,000 per gram when held in refrigerated storage.

Acknowledgment: This research was sponsored by the Office of Sea Grant,
NOAA, U.S. Department of Commerce, under Grant Nos. 04-6-158-44054 and
04-8-NOI-66 and the North Carolina Department of Administration.
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THE USE OF CHLORINE IN FOOD PROCESSING

Ri chard V. Lechawich

Introduction

The development of the gas chlorinator by the Wallace and Tiernan

Company in 1913 has led ta an increasir.g use af chlorine in water treat-

ment. With the use of chlarine, a marked decrease in the incidence of

waterborne diseases took place from 19.l5 to l955. public health micro-

biologists had increasingly encouraged the use of chlorine until

recently when the cost of chlorine mant.facture, the toxicity of chlor-

amines to marine organisms, and the formation of halogenated organic

compounds that appear in drinking water after chlorination have led

to the reevaluation of the use of chlorine,

Although chlorine is recognized by micrabiologists as a highly

active antimicrobial agent with sporocidal properties, caution must

be exercised when adding chlorine ta water containing organic matter.

The chlorine concentration diminishes upon int:eraction with any farm

of organic material with a concomitant loss in activity. Thus, a suf-

ficient chlorine residual may not he available for bactericidal

action.

There are several alternatives to chlorination that can be used

for disinfection. These include ozonation, bromination, iodination,

and ultraviolet irradiation. The use of chlorine dioxide possesses

many af the advantages of chlorine, such as its oxidizing capacity

and it does not form chloramines.

Theories of the Germicidal Action of Chlorine

When an aqueous solution of chlorine comes into contact with micro-

organisms, death of the microbial cells results if tne chlorine concen-

tration is high enough and the contact time is sufficiently long.

It was believed that oxidation of microbial protoplasm caused the

death of the bacteria. However, chlorine kills bacteria under condi-

tions that prevent direct oxidation af ell protoplasm by other oxidants.
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Chlorination of cell protoplasm that farms toxic chloramines has been

suggested ae another passible mechaaism >f destruction. Other hypo-

theses include the precipitation of bacterial proteins or alteration

of the permeability af ceII membranes.

The theory that appears mast plausible is that chlorine prevents

enzyme regeneratian and therefore result. in inactivation of certain

essential enzymes. Thier theory is supported by the relationship

shown between the effect of chlorine an she bacterial cell and the

inactivation of certain enzymes necessary for glucose utilization.

The Germicidal Agent in Chlorine Solutions

The undissociated hypachlarous aci.d  HOC1!, produced when chlorine

is added ta water, is considered ta he tl~ germicidal agent, since the

rate of death of bacteria is directly proportional ta the concentration

of undissociated hypochloraus acid, For purposes of chlorination in a

food plant, it can be assumed that time acquired to kill bacteria is

an inverse function of undissociated HOCt.  Mercer, l953!,

Chlorine gas and the hypochlorites readily produce hypochlorous

acid when they are added to ~ster. Rut when chloramines are added to

water, hypochlorous acid is produced very slowly by hydrolysis, which

can account for their slower germicidal «ction.

Factors Influencing the Germicidal Effect of Chlorine

The factors that affect the cancent:"ation of hypochlorous acid

formed and the subsequent germicidal action are: A.} the chlorine

concentration, 8.! tbe pH of. the salutian, C,! temperature, and D.!

concentration and type of organic matter in the water.

A.! The germicidal effect of chlorine should increase as the concen-

tration of chlorine compound added to the water is increased. However,

this si.tuation is true only In the case «f buffered solutions where

conditions af pH, temperature, and «rganic content are held constant.

When only the concentration of chlorine is varied, and all other

factors are held constant, a plat af the logarithms of the killing

time against the logarithm of the chlorine concentration will

approximate a straight line function.

However, data obtained for destruction at low concentrations of

chlorine indicate killing times of 1.0 minutes at 1.2 ppm, l5 minutes



at 0.6 ppm, and more than 30 minutes. at 0. 3 ppm of chlorine. Thus, in
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solutions. of low chlorine concentration, a greater portion of the germi-
cidal effect of chlorine may he neutra1 ized in side reactions.

When the concentration of available chlorine is increased in

unbuffered solutions, the effect cn getmicidal activity is dependent
upon two interrelated factors of: 1! tl-e pH shift toward acidity or

alkalinity and 2! the influence of pH shift on the concentration of
hypochlornus acid.

8.! pH - The pH of any chlorine so]ution has a marked influence upon
the rate of death of bacteria exposed to the solution. It has been

shown that the bactericidal effect of hypochlorite solutions was

dependent upon the amount of hypochlorous acid formed and that both the

concentration of initial hypochlorite added and the pH were the deciding

factors in the activity of the acid, However, pH was the most important

single factor influencing the germicidaI effect of hypochlori.te solutions.

The hydrogen ion concentration det rmines the fraction of the

hypochlorous acid present as the undissociated molecule or as hypochlor-

ite ion. As the hydrogen ion concentration decreases  pH increases!,

the ionization of hypochlorous acid increases.

The time required for four chlorin compounds to kill 99X of

Bacillus macerans spores exposed to solutions having a pH range of 6.0

to 8.0 was studied by Mercer �953!. With equal concentrations of

available chlorine and the same pH, no significant difference in

sporicidal activity was found between chlorine gas and the hypochlor-

ites. Chloramine required about 10 tim~ s as 1ong at each pH leve1 to

be equally effective as a sporicide.

C,! Temperature has been shown to be a very important factor on the

'bactericidal efficiency of chlorine solutions. Charlton and Levine

�937! used Chloramine T solutions containing 2,000 ppm available
chlorine with an initial pH of 6.0 at 55oC and found that each 10 C

rise in temperature produced a reduction of 82X in the ki11.ing time.

Other workers concluded that a drop of 10 C required a two-fold increase

in exposure time with chlorine and a three- to fourfold increase for

chloramine to achieve the equivalent bactericidal action.

In food plant sanitation, the feasibility of elevating the tem-

perature of chlorine solutions to take advantage of this increased
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germIcidal activity depends on the type of chlorine compound from which

the solution is- prepared and the purpose for ~hich the solution wiIL

be used.

The solubility of chlorine gas added to water changes substantially

as tbe temperature increases from room temperature to sani.tizing

temperatures. The maximum solubility decreases from 7600 ppm at 20 C

to 2200 ppm at 80 C while the 10 C rise from 90 to 100 C shows the loss

of solubility of 1200 ppm at 90 C tc none at 100 C.

Ordinarily, chlorination of water by dissolving gaseous chlorine

is performed in large-scale operations such as product washing or can

cooling where the contact time betwee~ the bacterial cell and the

chlorine is sufficiently long to allow adequate germicidal action at

natural water temperature.

Hypochlorite solutions apparently lose little available chlorine

at moderately elevated temperatures. No appreciable loss of available

chlorine from sodium hypochlorite solutions was found in solutions

held at 55oC for 3 hours, and they are recoma>ended as sanitizing

agents for food handling and processing equipmer>t when higher tempera-

tures are used.

D.! The presence of different types of organic matter in chlorine

solutions causes a marked reduction in germicidal activity. This

si.tuation can occur in the chlorination ~f recirculated can cooling

water and water used for fluming raw products. Thus, the free chlorine

residuals of these waters must be monitored to retain germicidal

activity.

The reaction of chlorine with r>rganic material may be adsorption

or chemical combination depending upon tbe type of organic material

present  Mercer j953!. Sugars and stare'i had Iittle effect on available

chlorine, and these substances include monosaccharides, disaccharides

such as maltose, lactose, and sucrose, trisaccharides and polyhydric

alcohols. Tomato juice addition did substantially reduce chlorine

residuals.

Chlorine in the presence of such organic materials as sugars and

starches retains the major portion op germicidal activity as shown in

Figure l. Survivor curves for yeast eel Ls In starch or sugar show

that yeasts were ki11ed reasonably effectively, whi1e tomato serum

produced some reduction in effectiveness and tomato juice addition
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produced a substantial reduction in ki11ing effect.

The pH also has. an effect on the amount of chlorine lost to

organic matter in a solution, In general, as the pH becomes mare

alkaline, the concentration of available chlorine becomes less.

If the concentration and pH are held canstant, hypochlorites

and chloramines are as much affected by heterogenous organic material

as is gaseous chlorine. Thus, the pH, amount of organic material,

and residual chlorine desired must be evaluated for each application.

Bacterial Resistance to Chlorine

In food plant chlorination, the high resistance of bacterial

spore forms t:o killing by chlarine must be taken into consideration.

Spores have been found to be 10 to 1100 times more resistant to chlorine

than the vegetative cells. Most of the work on the aporicidal effect

af chlorine compounds has been done using aerobic spore-forming

organisms. Two of the early studies an spore destruction by chlorine

compounds dealt with a spore-forming organism isolated by Charlton and

Levine  ]937! and named Bacillus metiens. A composite af the results

of studies by Charlton and Levine �937! and R»dolph and Levine �941!

are shown in Table 1. These data for calcium t>ypochlorite indicate

tbe important role of pH on the sporicida1 effect of the chlorine. At

a pH of 7.3, a 99X reduction in viable spares was obtained in less than

0.33 minutes with 1000 ppm of chlorine, while at a pH of 11.3 with

1000 ppm of chlorine, 70 minutes was req>jlred for a 99X reduction.

Charlton and Levine �937! compared calcium hypochlorite with

Chloramine T; their results are also shown in Table 1. The concentra-

tions of Chloramine T in Table 1 are those in the solutian as initially

prepared. Charlton and Levine �941! did not determine the amount of

free available chlorine  FAC! released fraa Chloramine T. The FAC

concentration was low probably because chj.:>ramines release chlorine

very slowly. As is evident from data in Table 1, Chloramine T was

not effective in killing spores. Even at iigh pH values �0 to 11.3!,

calcium hypocblorite was a more effective sporicide than was Chlora-

mine T at low pH values �.0 to 8.8! . C<>usins ~n<' allan �967! reported

that 1000 ppm of Chloramine T at pH 6. > had no sporicidal effect on

Bacillus subtilis spores in 4 bours, while 100 ppm of FAC from sodium

hypoch1orite at pH H.O reduced the sp~>re p:>pulation by 99K ln one hour.
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Table 1. Effect of Concentration and pH of Chlorine Compounds
an the Destruction of BaciZZu metiens Sporesa.

Time to kill

99/

 min!

Canc. of

chlorine

 p pm!Compound

FAC and

FAC CAC

Calcium hypochlorite �3!

Calc ium hypochlorite �!

Chlaramine T �! 1000

2000

4000

2000

4000

/grata adapted from CharZton and levine and Rudolph and Levine.

FllC = Payee avaiZabZe chZorine; CAC = cm';i»ed avaiZ«t Ze chZorine;
1'/IC pius  MC i the tata/ avaiZabZ» chZari»i .

Te~>erature ms at 20 C for cak;ium hyper«chL«. it» ' .'t and at.
25 C for Chloramine T test.

d.
Indicates amount FAC reZeased vas not determ'',ned.

6.0

7.0

8.0

9.0

10.0

10.0

10.0

7.3

10.4

11. 3

6.0

6.0

6.0

8.7

8.8

25

25

25

25

100

500

1000

100

100!

2.5

3.6

5.0

19.5

80.6

42.4

20.6

<0.33

70.0

70.0

900.0

324.0

156.0

3840.0

1404.0
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These data indicate that the FAC re teasead from sodium or calcium

hypochlorite is more effective in ki ll i»g spores than the combined

available rhlorine of Chjoramine T. Ch'orine in the combined form

should not he considered for chlorination of cooling water as it

an ineffective sporicide,

Severa3. other papers cited in Odlaug and Pflug 0976! have been

published on the chlorine resistance of various species of BaciIlus

spores. Data from these reports ate pri sented in Table 2. To make

the results from the several studies comparab1e, the time for a 90X

reduction in numbers of spores and the 1.oncentration of hypochlorous

acid were calculated from the available data in each report. The

data in Table 2 indicate that, far aj1 ..pores tested, the sporicidal

acti~ity of the solution increased with increasing amounts of. hypo-

chlorous acid.

Clostrjdium Spores

Only a few reports have been published on the resistance of

Clostridium spores to chlorine. As a group, the aerobic spore � formers

seem tn be more resistant than the «naerobic spore-formers.

Dye and Mead �972! evaluated the «ffect of. chlorine on eight

strains of Ciostridium spores. Cioatridium seiohii  ferfri~n ens!

spores were the most resistant; Clostridium bifermentans and Clostri-

dium caloritolerans spores were the least resistant. Chloramine T

at 200 ppm  pH 9! was not very effectiv» in reducing the number of any

of the Clostridium spores tested. Ther» was l ess than a 2-log reduc-

tion of any of the eight strains in a 2 � hour test period. Also, B.

subtiIis spores were subjected to 100 ppm ch/orine at a pH of 9,8 and

found to be considerably more resistant than any of the CIostridium

spores tested. Results of. Dye and Mead confirm the work of Tonney,

et. al. �930! that Clostridium spores have less resistance to chlorine

than Bacillus spores,

Clostridium botulinum organisms in canning plant cooling waters

are a public health hazard. The pnst -processing entry of a single C.

botulinum organism into a food containei is a serious problem.

Ito, et al. �968! conducted a thorough study on the effective-

ness of. commercial germicides on spores of C. botulinum Types A, B,

and E. Their results indicate that calcium hypochlorite, sodium
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&aei LI'u,: Spores by ChlorineTable 2. Summary of Data for Destruction

Calculated Time for 90%

HOC1 reduction

 ppm!  min!

Test

Chlorine Temp.
Compound  C!

FACa

 ppm!Organism pH

B. nereus NaQC1

NaOCleerze~  r

B. e oagu Lan;, NaOC1

B. maeezmna NaOCl

B. metien CaOCl

B. s tearo t6e~ophi Lua NaOCl 25

B. g L o &igi i  sub ti Eis!

Fz'ee availabLe c.hLom~e

21

25

20

21

20

22

6,5

8.0

7.0

5,2

7.0

8.0

6.8

4.5

6.8

7.8

4.5

6.8

7.8

6.0

6.5

7.0

7. 5

8.0

6 7
8

10

10

10 6.2
6.2

/.2

7.2

8.6

8.6

10.5

10.5

7

50

100

100

150

150

150

20

20

10

10

10

5

5

5

15

15

15

15

15

25

25

25

25

100

500

1. 8-1. 9

. 11-. 24

2. 5-2. 6

. 15-,34

23.8-24.8

1.8 � 2.3

454

21. 9-23. 1

1000

2000

43

25

75

149

113

38

20

17

10

8.5

3.5

5.0

4.3

1.7

14

12.9

11.3

7.5

4.0

24

19

6
~ I

<I

 I

1.7

.1-.2

1.6
. 1-.2

1.7

13-.16
r. I

r.l

750

1500

1.5

2.5
0.88

0.18

0.40

1.2

2.5

6.0

8.5

12.0

23.0

21.0

28.0

59.0

4.3

4.6

6.4

10.3

21. 0

1. 25

1,8

2.5

40.3

21. 2

10.3

22.8

255.0

20.5

270.0

22. 5

285. 0

31.7

330.0

1.0

.78



42

hypochlorite, and gas chlorinated water. Ito, et al. �968! also

evaluated the effect of pH on the germicidal efficiency of calcium

hypochlorite. The results indicate t.hat, as pE increases, the rate

of destruction decreases. The result: are not surprising since chlorine

is more effective as a sporicidal agent at acid pR values where hypo-

chloraus acid predominates.

The effect of the temperature of the calcium hypochIorite solution

on time for a 99.99'K kill of C. botuIinum Types A, B, and E spores was

a]so investigated by Ito and co-workers, The t.ime for a 99.99! kill

decreased with increasing temperature; th» Ril1-time at 25"C was only

0. 3 to 0.5 of the kill--time at 1 5 C.

Ito, et al. �968! also reported that organic debris, such as

peptone, will combine with the free avaiIable chlorine reducing the

amount of free chlorine in the solution, ultimately to the point

where it is ineffective. Therefore, in a commercial application such

as a coo]ing canal, chlorine must be added continuously to maintain

the desired level of free available chlorine.

Data from Ito, et al. for C. botulinum Type A and Type E show

that 2 ppm of HOCI will reduce a population of C, botulinum spores

by 90X in 2 to 3 minutes, whereas 30 ro 50 minrrtes are required for a

901 reduction in the number of Bacil1us spores,

An objective of Odlaug and Pflug's  l976! work was not only to

review research regarding sporicidal effei t of. chlorine but ta develop

data to predict spore destruction as s function of chlorine level.

With the exception of the data of Cerf, er al. �973! for B. stearo-

th s, the data appear to form an overall pattern. If the data

for B. stearothermo hilus are disregarded. the logarithm of the time for

a 90X reduction for Bacillus and Clostridium spores at the low effec�

tive HOC1 concentration is a linear functi.on of the logarithm of

the HOCI concentration. As the HOC1 < oncentration increases to where

the time for a 9QX reduction is 1 to 2 minutes, the rate of destruc-

tion increases.

When chlorine compounds are added to ~ster so there is free

available chlorine present, the solution is both bactericidal and

sporicidal. Vegetative bacterial cells are killed more easily than

spores: and Clostridium spores are ki 11ed more easily than Bacillus

spores. The lethal effect of the chlorine in solution increases with:



 a! an increase in the free chlorine concentration in the solution,

 b! a decrease in pH, and  c! an i<~< rease in temperature

The relative microbiological qua'liry of the water in the canning

plant cooling system will be a fun<.< Ion of the quality of the water

that is added to the. system. Qual i ry f <ctors are: the amount and

source of soil and organic matter <hat;<re added to the water, pH,

temperature, and chl orine I eve1. < t is anti cipated that the pre-

dominant f 1<ira wi1 l be resistant Ba<-i 1 l»s spores when free chlorine

levels of 2 to 5 ppm with a pH in t he r;<nge of. 7 to 7.5 are maintained

in the cooling water.

The public health hazard from the post-process leakage of C.

botulinum spores into cans of low arid foods should be extremely small
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if the cooling water is properly chlorirated, the pH level is controlled,

and the addition of soil or any other outside source of C. botulinum

spores is eliminated. Since C. botul inurn is not likely to multiply

in cooking water or in a cooling cana1 < ontaining chlorinated water,

only the introduction of large numbers <. f C. botulinum spores into

improperly chlorinated coo] ing water wi11 create a public health

hazard,

Sanitizinq or Germicidal materials Used

Chlorine in the presence of moisture is one of the most reactive

elements known. It attacks many kinds of metals and has a great

affinity for most organic materials.

Generally, the chlorine used for food pIant sanitation is an

aqueous solution containing active chlorine from one of the three

commercial sources: a! liquid elementa'l chlorine, b! hypochlori.tes,

or c! organic chloramine compounds.

Chlorine gas is generally considered to be the best source for

in-plant chlorination where large volumes of water are to be chlori-

nated to 5 to 7 ppm, It is the most inexpensive source of chlorine nn

the basis of pounds of chlorine available. The main disadvantage is

the initial high cost of chlorination equipment, but the lower cost

of gaseous chlorine offsets the equipment cost in large volume uses.
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Hypochlorites

Calcium hypochlorite, Ca OC1! 2, containing from 30 to 60X

available chlorine, is available comrnerc Lally. Sodium hypochlorite

 NaOCI! solutions are available at 10 to ISX available chlorine for

commercial uses. Household bleach conta:Lns 2 to 6X available chlorine.

These solutions are used without further dilution for chlorinating

water supplies or is a 5X solution for sanitizing purposes.

Calcium and sodium hypochlorites lose chlorine upon storage, and

moisture, heat and light increase the race at which chlorine is lost.

No hypochlorite can be chemically modified to be both highly stable

and rapidly germicidal. Hypochlorites have the following disadvantages:

1} increased salt deposition when added to hard waters;

2! the amount of chlorine added as hypochlorite is more

difficult to control than gaseous chlorine addition;

3! on the basis of available chlorine content, hypochlorites

are more expensive than chlorine gas.

Hypochlorites have advantages as ch Lorine sources when only small

amounts are needed as in non-overflow can cooling systems, hot appli-

cations during clean-up, and dripping chlorine solutions on belts and

other equipment.

Chloramine Compounds

Chloramine T was first produced in .L916 by reacting p-toluene

sulfonamide with sodium hypochlorite. Chloramine T is a white

crystalline powder soluble in water at r<~om temperature. Saturated

aqueous solutions contain about 15/ avaiLable chlorine.

Dichlorodimethyl hydantoin fs another chloramine that is soluble

in water up to concentrations to 1000 ppm available chlorine. Aqueous

solutions are slightly acidic in contrast to the alkalinity of

hypochlorites and Chloramine T.

Chloramines are the most expensive Form of available chlorine and

are not recommended for chlorination of in-plant water because of

their slow germicidal action. However, he slow release of chlorine

is an advantage where a long contact time is possible.

The chloramines formed in chlorination exhibit about I/50 to

1/100th the disinfecting property of hypochlorous acid, and dichlor-

amine is approximately two times as effe<=tive as monochloramine.
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The chloramines present a great toxi ity hazard to aquatic life.

Unlike chloramines, bromamines are short-lived and pose much less of a

hazard to aquatic life.

Chlorine Dioxide  C10p!

The most important aspect of chlorin= dioxide as a disinfectant is

probably its oxidizing capacity. Chlorine dioxide does not form HOCl

in water and thus differs from chlori<ie. However, it is seldom reduced

any further while hypochlorous acid is routinely reduced to chlorine,

and is thus considered the better oxidant.

Studies of the virucidal and sporicidal activity of chlorine dioxide

done in the late 1940's showed that chlorine dioxide was equal to or more

effective than chlorine as a disinfectant in the pH range of 6 to 10.

Kn acidic water, chlorine was slightly more effective, but in alkaline

water, chlorine dioxide was markedly superior. Chlorine dioxide was also

a satisfactory disinfectant when added tc water with low organic content.

Chlorine dioxide was shown ro be effective asainat Ebarthella tvxhosa,

resistant. Chlorine dioxide was mare effective at lower temperatures under
alkaline conditions.

Figure 2  NcGhee, 1976! shows a < omparison of the bactericidal effects

of chlorine and chlorine dioxide on F,. coli at different temperatures and

pH with 5 minute contact. The effect of chlorine dioxide on three

bacterial spore formers was also evaluated. Results indicate that

chlorine dioxide is a significantly better sporicide than chlorine when

either dosage of residual is considered, both in demand and demand free

water, Ridenour �949! theorized that chj orine and chlorine dioxide act

in the same manner but that chlorine dioxide must be able to use more of

its oxidizing capacity on the spores than is indicated to be available

by the orthotolidine  OTA! test. The advantage chlorine dioxide has

over chlorine is greater against spores than against vegetative cells.

This, the authors explain, is also due to the fact that the spore coat

is more reactive with chlorine dioxide than with chlorine.

The only work investigating the virucidal activity of chlorine

dioxide has been with poliovirus. Hettche and Ehlbeck �953! reported



O
0

O o
> o
n

O
PO

o
O o
C3

oO o
3

R 0
o

Pl

0

-I o

0 0

rt
0

8
5
A!
h
4!
rt N

0

ID
0

Ql

C4
'CI

V'

rt
rl.

~ n

8

g h
rr tb
tb A

A
0

0

0 C!

Ph D3

0 A
8

I
0 0
Q
0
~ 0
V'

V 0
Ln 0

V-

ORGANISMS REMAINING, PERCENT

O0 0 0 O 0 0 0 0 0 0

o > ~ ~ ~ ~ o0 0 0 0 0 0 0 0

ORGANISMS REMAINING, PERCENT



that chlorine dioxide was more ef'ective in deactivating the poliovirus

than either chlorine or ozone. Ridenour and Ingols �946! reported

that deactivation of virus parti< ies d<pended on the redox potential

created within a system, and this off e<.tive potential  as measured

by the nonspecific OTA test! was in<pep< ndent of the material used to

generate it. Ozone, chlorine, and chlorine dioxide were all used and

an OTA residual of approximately  <.I mg/1 was required to inactivate

poliovirus with a contact time of 10 minutes. The data indicate that,

on a weight applied basis, C10,, was SOi' more effective in a system that

contained 0.15 mg/1. NH -N and 15 tig/1 <:<rganic-N.
4

Chlorine dioxide becomes much nor< effective than chlorine with

increasing temperature. For 997. k~ 11, 0,25 mp/1 of chlorine dioxide

was required to obtain this lethal it v;.t the following temperatures:

0.25 my/1

5 C � 11  seccnds
o

10oC � 74 seconds

20 C � 41 seconds

30 C � 15 seconds

A five fold increase in time i.s thus required to produce the same

lethality when the temperature is lowered from 30 to 10 C,

The possible mechanism bv which chlorine dioxide kills vegetative

cells was reported by Bernarde �96 7!; due to the almost immediate dis-

infection, the mechanism must invo1ve a primary cell function such as

protein synthesis. The precise mechanism has not been elucidated, but

chlorine dioxide probably does not react sufficiently with amino acids

to prevent their incorporation into proteins.

Thus, ch1orine dioxide should <ontinue to be investigated as a

disinfectant, since it is a good oxidizing agent, but does not react

with organics to form chlorine hydrocar'~ons or with ammonia to form

chloramines. It is also more effective at higher pH levels and
temperatures.
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SAFE DRINKING HATER ACT AS RELATED' TO SHELLFISH AND CRUSTACEA PLANTS

Harrcy Manley

I understand that, last. year, general requirements of the Safe

Drinking Water Act were d iscussed !ic re. This year, I would like to

talk about how the Act af fects nonconmrunity water systems, of which

the shelLfish processing plant is orre.

The Safe Drinking Water Act rtllows for various limits to be set

for different contaminants and for mani oring requirements, The non-

community water system is t.ested for t.ir-ee crrntaminants: bacteria,

nitrate and turbidity. Basically, r he criteria are the same as those

set by the old 1962 Public Health Servii e Standards.

The noncommunity water systenr must be monitored for bacteria once

each calendar quarter thar the system i. in «peration. One sample is
taken to determine whether the system.rn exceeds the bacterial limit of

one cali.form per 100 milliliters. !; ir: does, more samples are taken.

If the routine sample is positive, 'he ..;ystem must determine the source

of contamination, correct the situation and notify the public. I will

talk about public notification later� because it is different for the

noncommunity water system.

The n.itrate limit is 10 mg per liLer. Many question why it has

been changed from 45 mg/I to 10 mgi .'. '!t has not been changed; it is

now based on the nitrogen conterrt of nitrate, whereas it was based on

the weight of nitrate before. The Act . tates that a sample will be

taken by June, 1979, and thereafter as the st.ate designates, Most

states take water samples everv three or five years. The Environmental

Protection Agency requires it every three years, unless a water system

is suspected of exceeding or being close to the limit.

If the sample taken contains more than l0 mg nitrogen per liter,

a second sample must be taken within one week. The average of the two

samples is used to determine whether or not the system exceeds the

limit. If it exceeds the limit, the system must notify the public

and correct. the problem. Generally, the system has to find a new
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source of water or pour in a lot oi trc ttment. Because there have

bec» n lot. of comm<»ts from»on<:omm!i» i tl water systems on the treat:�

ment involved, some people have proiiose<l changing the regulations.

Analysis for. turbidity is do»< on]y on those systems that use

surface water such as lakes and streams The turbidity Lest must be

done daily during the time the syst.hatt is in operation. For most water

systems, the limit is one turbidit; unit. for the monthly average and

5 turbidity units for the two-day av! rage. However, the state or the

EPA � � whichever has jurisdiction -- is allowed to change the limit

for the monthly average up to 5 turbidity units, if the system can

prove that 5 turbidity units do »ot influence disinfection, does

not influence the amount of residual in the system, and does not

interfere with the analysis for cojifort!t bacteria, Nost systems

generally comply with this regulation i. they have some kind of treat-

ment in addition to chlorination su<-h as filtration.

Whenever the system takes routine samples, it must report the re-

sults to the state or the EPA within 40 days. Whenever a sample ex-

ceeds the limit, the system must report it within 48 hours. Water

systems also have to maintain rec<>r<ts: bacteriological records for 5

years and chemical records for 10 years. The record of any violat ion,

any information on the violation and an, correction that was made to

the water system must be maintained for 3 years. The record of: sani-

tary surveys conducted by the state mus be kept for 10 years. The

record of variances or exemptions issued, if any, must be. kept for 5

years. These records must be made avaiLable to the state or EPA for

inspection.

Now getting back to public notification, the Act is very general

on public notification by noncommunity water systems. The regula-

tions state that a noncommunity wat.er system will give public notifi-

cation as deterroined by the state. If,~ noncommunity water system

exceeds the nitrate limi.t, most states t.ell the system to put signs

up over the water faucets or something like that. The same goes for

the EPA. Some states may require more detailed notifications in news-

papers. But I think in most cases, the systems will just placard the

area and perhaps put the notification in the employees' newsletter

there is one.
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Variance or exemption is a key word in the Safe Drinking Water
Act.; it allows the water syst.etna '.o exceed the limit but not actually

be in violation of the Art nr s»h j»ct to penalties by the state or the
I.'PA. Tlrcnrotical i y, a v»ur la»re«< ou! <t h» indefinite, but very few wf I I
be Issued for the current r«g»ulat,'orts, I don't think any noncornmunity
system will anticipate being issn»d a variance or exemption just be-
cause of the contaminants for whi «l» i t is b».ing monitored.

The exemption allows a water system to exceed a limit for a spec.i-
fied period of time. The sched»l». is attached to the exemption allow-
ing a certain time for designing, construction and so on, In the Act

itself, the Congress has given the time limit of January 1, 1981, to
end all exemptions coming under thc interim regulations for most
systems, and January 1, 1983, for those systems that joined a regional
water system. If the changes to ch« regulations that are being pro-
posed now take effect, it is unl.ik»ly chat any noncommunity water sys-
tern would need an exemption.

The plant water system is not subject to the Safe Drinking Water
Act, if it is connected to a c.ity's sy, tern and is actually just storing
the water, or if it is servicing only the production process with its
water. Cenerally, it is the main water systems that come under the Act.

There are also siting requirement,- .in the Act. However, they are
so general that most water systems comply with them by chance. For in-
stance, you don t put your water system~ in an earthquake zone, you don' t

put it in a flood plain unless it is a» intake to a surface plant,
things like that.

For over two years, changes» th» bacterr.ological and turbidity
regulations have been proposed ancI instigated by many states. It is
difficult for me to say when they wilt take effect. The EPA headquar-
ters says that the proposed changes will be published soon and that,
within the EPA regions, there are some changes which are out for re-
view right now.

One other proposal which I heard of just recently concerns a change
in the nitrate limit. It would allow some noncommunity systems to go
up to 20 mg nitrate per liter. If a svstern exceeds the limit, i.t must
give public notification such as posting signs above the faucet. High



54

levels of nitrate can cause what i s called the blue baby syndrome to

very small children. Children can get very ill and even die from it.

But since most processi> g plants <io not have little children around,

it is being proposed that these sys tern.; be allowed to have higher
nitrate levels.



STANDARDIZATION AND EVALUATION OF STATE SHELLFISH PROGRAMS

George Morrison

I appreciate the opportunity to attend this year's Interstate Sea-

food Seminar and discuss with you the evaluation and standardization of

state programs and the Food and Drug Administration's role in thi.s aspect

of the National Shellfish Sanitation Program  NSSP!. Before I get to

the specifics of my subject, I believe it profitable to provide some

background information for those of you who are unfamiliar with the

nature and purpose of the NSSP.

The program was developed over 53 years ago to stop the interstate

spread of shellfish-associ.ated diseases and to permit the continued safe

use of all edible species of molluscan shellfish  oysters, clams and

mussels! . No other shellfish such as c rustacea  shrimp, crabs, etc.!

are covered by this program. It is a cooperative federal-state-industry

program which provides sanitary control over all aspects of shellfish

production, harvesting, processing and interstate shipment.

Under this cooperative arrangement, the states have primary re-

sponsibili.ty for the development and enforcement of sanitary controls

over their respective shellfish industry. The Food and Drug Administra-

tion provides training and technical assistance to the states, conducts

research necessary for development or improvement of standards and

criteria, and annually evaluates state programs. The industry maintains

sanitary processing facilities and purchases shellfish only from sources

approved by the states.

To provide industry, health authorities and the consumer a reliable

guide for safe sources of shellfish, the FDA publishes a monthly list of

shellfish shippers certified by the states. The list may at times con-

tain the names of over 1400 certified dealers from 25 states and three

foreign countries participating in the program. You may be interested

to know that the October list contains two firms in Hawaii. Hawaii was

accepted into the program on August 14, 1978.



In evaluating state programs, toe 4'i!A Regional Shellfish Specialists

are currently guided by Compliance Pcogr<rrns issued annually by Shellfish

Sanitation Branch Headquarters. CompIia»ce Programs are internal docu-

rnents d» vel<~ped i» accordan» e with st.a»d rrdized FDA administrative pro-

cedures. The shellfish docume»t irr»»xpoi ates the basic provisions <'on-

tained in Part III of the National Shel i f ish Sanitation Program Manual

of Operatiorrs. However, reporting procedures have been modified to permit

a continuous flow of current eva iuat ion data to the headquarters and the

states. The new reporting procedure imm» diately alerts both parties to

problems as they are found, and encourag».s early corrective action.

Comprehensive annual reporting as outli»» d in Part III of the Manual

provides information of limited value be». ause reports are usually sub-

mitted 6 to 12 months after field irrvest.s.gations are completed.

Numerical ratings are no longer giv» n. l'.ach state program element

is judged satisfactory or unsatisfa< tory based on compliance with the

NSSP criteria and effectiveness of the operation For example, growing

areas considerations include: timelirress and completeness of files;

validity and agreement of files with obs».rved field conditions; thorough-

ness and frequency of sanitary surveys, hydrographic studies, and water

quality determinations; accuracy of growing area classifications based

on analysis of water quality and hydrographic and survey data; and

adherence to NSSP microbiological water quality standards.

Patrol is assessed on sufficiency of staff and suitability of equip-

ment to patrol prohibited areas, frequency and thoroughness of patrol;

ability to deter or apprehend violators; records of arrests and convic-

tions; adequacy of prohibited area posting; and absence of obvious indi-

cations that. violations could occur.

During the FY-1977 evaluation period, most state program elements

were found to be in agreement with standards and criteria of the NSSP.

However, 15 states had significant deficiencies in one or more program

elements. These deficiencies may be summarized as follows:

Failure to officially identify and manage areas that should be

conditionally approved -- areas that are in fact periodically

subject to rapid water quality degradation.

Failure to update and follow conditional area rnanagernent plans.



Outdated and/or insufficient sanitary survey data � hydrographic,

bacteriological and pollutinn, aurce information.

Failure to recognize or consider pub1ic health significance of

non � poirit sources of pollution.

Failure to promptly close conditional areas after. excessive rain-

fall, plant failures, etc., and reluctance to close additional

areas when survey data indi»at» thar. approved area classification

criteria are no longer being m»t.

Patrol personnel insufficient and disorganized or uncoordinated.

Patrol equipment inadequate and unsuited to areas assigned.

Surveillance inopportune and ineffectual � blatant violations

are frequently observed.

Apprehension and prosecution ineffective deterrants to 1.LLegal

harvesting and marketing.

Inadequate training of new personnel.

Many of the deficiencies identified were amenable to immediate cor-

rection, others are of long term resolution and may require state action

at the executive or legislative level. Some conditions could be con-

sidered grounds for withdrawal of endorsement in accordance with Manual

provisions, but this sanction is not le'ally available to FDA.

In 1972 an opinion by the FDA Offi.e of General Counsel concluded

that withdrawal of a state's endorsement- was not founded upon proce-

dures described in the Administrative P;ocedures Act, U.S.C. 553, and

the sanction probably would not be sustained hy the courts. Consequently,

FDA has not attempted to force correction in this manner since that time.

With loss of this sanction, the Food andri Drug Administration has no

direct regulatory means of. assuring state compliance with National Shell-

fish Sanitation requirements.

1n June, 1975, the Agency proposed comprehensive Federal regulations

which incorporated all aspects of shellt ish sanitation presently covered

by the NSSP. Although the federal-statr -industry responsibilities were

to continue, the proposed regulations provided for direct. FDA enforcement

actions when a state failed to effect needed corrective measures. During

the comment period, the proposed regulations received much publicity and

adverse comments. Because there was considerable misunderstanding about



the provisions in the proposals, the Azen> y is now considering a tata]jy

new approach.

The FDA cont inues to provide <»mpre11ensive evaluation and documen-

tation of state programs, but must «~,Ev on th« integrity and ability a F

responsible state control auth«riti s [> pr«vi<Ie adequate pragrams and

enforcement, i.e., voluntary federa I > oa>I>liaoce. However, when a crit. i-

< al aspect of a shellfish industry >»> ra ir>n is found to be in substan-

Lial violation of the Federal Food, !>rug,, and  :asmetic Act or tr> pose an

imminent hazard t« the public health, Lh> FDA will consider taking

regulatory action under the Act.

We have observed that, «ver a porio~I of years or even a few months,

the status of a state s program may oete>iorac< trom complete compliance

with NSSP recommendations Lo seriausI r li>w levels of performance.  'aus-

ative factors vary but, in general, I he I>rablems common to most states

are:

Uninformed administrations <>nd regulations af shell f ish contra I

activities to a low priority state program.

Budget and staffing limitati>>ns.

Administrative diff iculties clue t » mu Ltiple agency involvements,

decentralization, etc.

Reorganization, lack of administrative continuity, delayed bud-

geting and loss of trained staff.

Inflationary impact and in>:reased competition for available funds.

Socio-economic pressure. against. >dditional closures af valuable

productive areas.

Both federal and state shellfish control agencies have always faced

difficult financial and technological situati«ns in program administration,

and the full measure of public healtl> protection possible under the frame-

work of the NSSP is not always realized. However, it must be recognized

that, in spite of these constraints and Lhe ever increasing pollution of

aur productive estuarine areas by biological, chemical and natural marine

contaminants, the consumer has been afforded a high degree of proLection

throughout the 53-year history cf the program. Moreover, the states have

substantially met and are meeting their obligation ta provide sanitary

control over the shellfish industry.
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LATEST DEVELOPMENT IN CRAe MEAT MECHANIZATION

Theod<rre S. Reinke

I would like to tell you a litt1e bit about the machine called

"Quik-Pik" and show you some of the mechanical principles. Envision
the crankshaft of an automobij e with no ly a 3/1.6 of a degree offset,

being driven at high speed. Originally, this was vibrated at a super-

sonic level to extract meat from crabs. We had to discontinue this

approach, for when we applied vibratiorrs at that supersonic level, we

wound up with mush.

The machine itself is the size of a big household refrigerator and

weighs about a ton. It is constructed of two units with a ganrry unit

holding a 25-horsepower motor, The vibration of the machine does not

affect the motor which is loosely connected by the rubber adjustment.

We take a crab, clean it with its back rerroved, turn it upside down,

put. it in a holding device and shake it. We vibrate it so fast that the

meat comes out. This holding device moves up and down, oscillating with

a total amplitude of 3/8 of an incIr. There are slots in the shaking

mechanism and the tray that fits into them. The tray is made with

sockets shaped like inverted pyramids. The pyramids are angled so pre-

cisely to correlate to the slope ot the back of the crab with its shell

removed that, no matter what the size oF the crab, it fits properly,

So a small crab or a big crab will be held satisfactorily in this

device. When loaded, you have ab<>ut 25 crabs on such a tray. Above,

you have a rubber diaphragm. As you ger ready to load the crab tray

in the slots in the shaking device, thi.> rubber diaphragm automatically

sucks in so that the tray slides a1ong with it. After the tray is pushed

in, the operator turns on the switch on the wall, with the bag infl,ating

automatically and holding these crab bodies in their respective sockets.

The rubber bag compensates for the ineq<rities of the crab, whether a

little crab or a big one. After ah<rut five seconds to permir full pres-

sure on the rubber bag, the mechanism sr:arts vibrating for about four

seconds.
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When you try to vibrate something t.hat is approxi.mately 20 inches

wide, you have extreme metal fatigue, Apparently the most effective

removal techni.que we have had is a st.ric.tly vertical up-and-down move-

ment, We found that we could not btrild the machinery or equipment to

handle many crabs at one time without causing such tension of the metal

that we couldn't live with it. Thus th~ present guik-Pik uses an or-

bital rather than a vertical oscillat.ion. The rrraximum operation we can

get and still control the metal was about 4,500 oscillations or vibra-

tions.

We also have a machine which has a strictly vertical motion.

3ut it can only handle one or two rrabs at a time because we cannot

get a sufficiently broad expanse of metal wi.thout having all kinds of

structural problems.

The machine Quik � Pik does work� Right now in the plants in Mary-

land, it is taking off somewhere betweer. l00 and 200 pounds of crabmeat

an hour. I think the best rate we have achieved on it is 178 pounds

an hour. It does not take off any lump meat. All the meat is of the

same grade and is relatively bone-free, almost entirely bone-free

when the machine is operated properly.

However, we are facing a number of problems. Some of you are aware

of the publi.city we got in the spring of 1978. That is the reason this

machine is now being operated at three c f the plant's. We want to put

it in the field and bang it around to see what the problems are. We

want to correct the problems before we make the machine available to

the industry. It will probably be made available to the industry next

spring on a franchising and royalty-per-pound basis.

One of the problems is preparing the crab body for the machine.

It is a hand operation so far. We have tried to develop some machinery

where crabs could be stripped, cleaned and be ready for the machine. I

would say we achieved about 80%%u effectiveness which is too low. You

must have above 90 to 95K effectiveness. So we have a hand operation,

though not necessarily a skilled one.

We have an even greater problem with bacteria in crab bodies. A

sponge crab usually never gets cooked completely because there is an

extremely dense collection of half a million eggs at the bottom of

the crab. Even cooking at 250'F for 8 to 10 minutes sometimes does
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not penetrate it. If that crab body is allowed to li.e, squeezed or

touched in any way, the juice carr run off and contaminate the ~hole

group of. crabs. 1th le trying tc develop a cleaning rnachine, we found

that you have almost the same problem without having any sponge crabs.

When you start to wash the crabs on a bulk basis trying to rnini-

rnize manual contact, w'e do have a situation where one out of ten or

twenty has not had a complete bacterial kill. You put the crab in the

wrong washer or in the washer where there are a lot of crabs together,

and you have contaminated a whole host of crabs.

This is what happened on the older Reinke bobbing machine. We

had a long hood, a fast moving brush and a water jet that washed out

the cavity. By the time it's run for an hour or two, there is quite

a buildup of crud in the interior of the tunnel. Bacteria multiply

and every crab going through there can be contaminated,

We are facing up to this problem of potential contamination of

crabs in the heat treatment method. After the crab bodies are cleaned,

whether by hand or rnachine, we are running them through steam before

they are placed into the Quik � Pik. This does two things; it kills

bacteria, thus controlling contamination; and it does make the extrac-

tion of the meat simpler because ft loosens collagen -- the gluing

agent that causes the meat to adhere r:o the shell, and because it

~akes the shell softer, thus preventirrg chipping of the shell.

We are also trying to use drv heat to minimize the addition of

moisture in crabrneat during processing. We have a problem with the

water content of crabmeat picked by this machine. When you extract

crabmeat, you rupture some cells and get a buildup of water. Also

the crabrneat tends to peel, looking wetter than it really is. For

this reason, we had to give up the spinner rnachine, one of the ma-

chines we had developed in the past.

However, there is another angle we must look at should the use of

the Quik-Pik become widespread. Most of the waste from the industry is
now being dehydrated in simple dehydration operations and sold as crab-

meal. Most of these operations are antiquated, the technology obsolete.
But the industry, as it is now, cannot afford to update it with the

present market price of crabmeal. And the new Quik-Pik machine will

worsen the problem because it actually takes out approximately 15-20X
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more meat out of the crab than hand pir king, All the meat is taken

out of the body cavity, and there is very little protein left to de-

hydrate. So the indust ry has to address itself to what it is going

to do with the loss of revenue from crab waste.

There are a few chemical compan i.es interested in converting crab

shells into chitin and chitosan. Ruching has really happened yet, but

possibly something may develop and the chemicaI industry might convert

this waste into a valuable commodity, if this does not happen, how-

ever, our industry is shortly going to be in trouble. We are talking

about maybe two, three, or four years.

We have one other problem, To stabilize the machine, there are

a couple of wings that come out on ei.ther side of the vibrating unit.

They hit a rubber snubber which abruptly dampens and controls excessive

vibration of the machine, And this bumping effect helps the extraction

of crabmeat. There is a certain amount of moisture in the machine

coming out of the. crabs, particularly from crab bodies which have been

held in the cooler after cleaning. Moisture < ondenses on these bodies

when brought into ambient room temperat.i.re. During the operation of

the guik-Pik, some vapor comes out of the machine. The rubber snubber

acts like a bellows and blows the vapor all over the place, spreading

possible contamination. So we are now in the process of changing the

position of the rubber bumpers for easier disinfection and cleaning.
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HEAT SHOCK METHOD OF PREPARAT10N CF OYSTERS FOR SHUCKING:
STEAM TUNNEL METHOD

Clayton I.. Rudolph

In Virginia, we have been using the heat shock method of preparing

oysters for shucking since about the middle l960's. We di.d pilot studies

in 1967 and 1968 with the hot dipping method being used widely in North

Carolina. Prior to that, a study was conducted in South Carolina on

clustered oysters which the shuckers could not shuck cold, and a paper

was preserlted on that particular problem at the Fifth National Shellfish

Sanitation Workshop held in November, l964. Our conclusion in Virginia

during that time was that "hot dipping" was a feasible method of shucking

oysters, if the packers followed sanitation rules specified by our bureau,

and if the processing tanks were kept. c'.ean throughout the operation.

Since 1968, we have had a few experiments using both the hot dip method

and the steam tunnel method of hear shocking oysters. We have arrived

at a conclusion that, in Virginia, the steam tunnel method of heat shock-

ing is the better of the two.

In the steam tunnel operation, man@ methods are used and the tunnels

are constructed of various materiais; plywood, aluminum, stainless steel,

or cast iron, in lengths of 12 to 21 fe=t. They are either V-shaped on

the bottom or square to pass through sh 11 oysters in baskets or in con-

veyor buckets that have been subjected o steam from a pipe oz pipes.

Pipes can be galvanized, aluminum, stainless steel, or cast iron. They

may or may not be equipped with steam ji ts that may or may not be fabri-

cated of pipe nipples, perforated pipe or pipes, and have an entrance

and an exit with some sort of flaps made of rubber or plastic strips to

keep the steam inside. Instead of flaps, the tunnel may have swinging

type doors that are forced open by the entrance of a wire basket filled

with oysters and then close as the basket goes by.

Steam tunnel temperatures are controIled by thermo-regulators which

have a probe located near the center of the tunnel. There is usua11y a

cut-off switch to control the flow "atp of the oysters. When the



shucking benches become overloaded 1th oysters, the st.earn tunnei tempe r-

ature drops so that oysters caught iu the tunnel do not become overly

steamed or subjected to too much heat. Che optimum temperature in the
0

tunnel is in the 170 F range, and the oysters are subjected to steam

treatment for approximately twn minutes. Jepending on the length of the

tunnel, exhaust hoods or vents ar» placed at either end or in the. middle

of the steam tunnel to vent excess steam.

A bact.eriological comparison was made between the cold shucked

oysters and the steam tunnel shucked oysters. The oysters that were

put through the steam tunnel had lower bacterial counts than cold

shucked oysters, especially when t.hey were five to seven days old when

shucked. It is my opinion that, in Virginia, the steam tunnel type of

heat shucking of oysters can be a reliable and economical asset to the

packer.

In each and every one of the steam tunnel operations, we find that

there is a cleanability problem within the steam tunnel. All steam tun-

nels should be made with a bottom-hinged opening so that the inside of

the tunnel can be hosed down and cleaned out on a daily basis. Pieces

of shell, mud, mussels and other extraneous material that build up in

the tunnel turn septic within one day if not ci.caned up properly, The

steam tunnel operations we observed had ~o cleanabi.lity possibilities.

It is recommended that clean oyster shells be put through the steam

tunnel rather than the muddy shellstock ~oing through at the present

time, because live oysters feed on the mud and the condensed steam when

forced open.

Another recommendation is to ii e down the shucking buckets in which

the oysters, warmed from the passage through the steam tunnel, are shucked.

This cooling, in addition to the normal pre-cooling operation, will greatly

improve the overall bacteriological picture. I also think that rhe steel-

belted conveyor is probably the best onveyor because, with it, the amount

of oysters going onto the shucking table can be controlled and nn one

oyster will be caught in the steam tunnel and exposed to excessive heat.

It has been observed that, of the shell oysters in the wire basket

proceeding through the steam tunnel, :he ones in the rniddle of the pack

do not receive their due amount of »team heat as do the ones on the outer

perimeters. A new basket or conveyor bucket should be designed to
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all».viate this problem. Pt has a iso been observed that, due t<! th»

moisture in the tunnel, the lubri»unt used on the monorails or co»tv»yance

system sometimes drops off and fat ls into th» now gaping oysters. A

special lubricant such as Thermolube � � a versatile, white lubricant

approved for food service -- is recomm nded for use throughout the con-

veyance system to prevent oil dropping.
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MODELING Tl!E EFFECTS OF STORM WATER RUNOFF
ON WATER QUALITY

V.O. Shanholtz, M.D. imr> len ar>d F.'.H. Ross

I. Introduction

Mathematical Modeling

Modeling is a technique for ~nalvzing large complicated systems by

construct.ing smaller systems that reflect c>nly t.he characteristics of

interest. With the rapid develooment of cc>mputers and r omputer tech-

nology during the past 20 years, it I<a» become possible to model the

hydrologic processes of a watc rsh< d as <a series of interacting equations

inside the computer. Mathematical wat rshed models have generally been

developed using one of two approa<.hes: the 'systems' approach and the
'>

parametric approach. In the sy»tems approach the watershed is con-

sidered to be a black box in which r,riifaIE input and st;reamflow output

are related only through decision : he<>ry, systems analysis or operations

research methods that need have n > dir.ct relation to the physical water-

shed system. In the parametric;r;>E>r<>r< h, <>r> the other hand, the rainfal I

input is normally operated on by nrp i r ical >r deterministic relatl.onships

that attempt to describe speci fi< E>hys i cal processes such as infi l tration,

evaporation, overland flow, and «'r;rrrne I flow. Thus each process is

related to the streamf low by some I unc ir>n of the related watershed para-

meter

In parametric modeling, a con< eptual framework  road map of inter-

actions! is first developed to li»k;ri.', the known significant system com-

ponents. The components then ar«iescribed  modeled! by either theo-

retical or empirical equations. '<; th s way the individual parameters,

at least in concept, have physica., mear>ing «nd can be studied by labora-

tory and/or field experiments.

Recent concern for environmental E>ollution has provided the impetus

for using modeling techniques to r<-.lat< land use practices to downstream

water qual.ity. Since pollutant transp<>rt is predominantly a hydrologic
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process, there has been a major effor ' to interface material transport

submodels with existing parametric hvdrol»gic models. This effort has

brought to light an awareness that tiie values assigned to hydrologic

p >rnmeters of a watershed vary wid<;l wi.t >in ,»~ing1e watershed. Thus,

it is necessary to consider the spat i«i c iaractcristi.cs of t.he watershed

such as soil boundaries, local topography, and land use, tc account for

the resulting water quality.

Nonpojnt poljutjan

Legally, sources of pollution «i e c Lissif ii d as point source--those

originating from a pipe or clearly d«i ineii overflow, or as nonpoint, which

includes all other sources that cann it 'b» precisely located. During the

initial phases of cleaning up our na:. ion' .. water s, ef forts focused on con-

trolling point sources. As poin.t suut '» pollution decreased, it became

apparent that. runoff from land areas, innpoint pollution, was responsible

for much of the existing poor water quality. Among the many nonpoint

pollutants are sediment, pesticides, ~utrients, microbes, heat, radio-

activity, salinity, heavy metals, and acid. 4lany of these originate in

both the urban and rural environments :hrough Iand-based activity such as

transportation, construe.tion, cropping, t mber harvesting, mining, and

waste disposal. The one aspect common to a11 ncnpoint pollution is that

it is primarily transported to streams and est«aries by the runoff pro-

cess,

Since nonpoint pollution is tied so i loscly to the hydrologic

system, any effort toward controiling it must consider the soil-water

interface and the hydrologic transport sy;tern. Here hydrologic modeling

can have its greatest benefit, The hydro] ogi model can be used to

reduce the very complex natura1 watershed system to a more easily observ-

able system, The model user could then creat.' a rational plan of attack

for abatement of nonpoint pollution. Fir..t, it would be possible to

isolate areas of the watershed where crit. ical pollutional potential

exists. Then the transport system co«1d fe examined to determine

whether pollution arising at the specified location reaches the receiving

stream, lake or estuary or is deposited or transformed en route, Finally,

the modeler could test pollution abatement. schemes to be sure that the

public receives the best possible poliution abatement for each dol1ar

spent.
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The Department of Agricultural Er gineering hydrology program was

initiated in the late 1950's as ~ r.~>ntributing part of a Southern

Regional Research effort  S-5>3! to Identifv and classify factors

affecting runoff from upland agri~ ultural watersheds. This program
was concluded in 1975 and a new S. uthern Regional Research effort was

initiated to develop hydrologic and water quality models for upland
watersheds  S � 108!. The data base accumulated by the S-53 project was

to be used extensively in the S-108 effort. An Environmental Quality

program was initiated at the Southern Piedmont Research and Continuing
Education Center in support of S-108.

Our modeling efforts have dealt s~>lely with upland areas with com-

plex landuse. Our primary objective has been keyed to the development

of modeling techniques to predict the quantity and/or quality of water

entering receiving streams from ul>Land agricultural lands. We have not

been involved with modeling in stream ;>rocesses. The modeling concept

is readily adaptable to the inclusion ~f such processes, but monetary

and manpower constraints have simply prevented any effort in this direc-
tion at this time.

This discussion, therefore, will '-ocus on what we have accomplished

and where we plan to go from here. Hol>efullv, this wil] provide some

insight into current concepts of modeling with the vision of how they

can best be used as a tool to anal.vze water related problems that
involve agriculture.

II. Some Approaches to Nutrient and S~ dement Modeling

Soil loss and the resulting j>z odu< tion of sediment has been one of

the greatest concerns of agriculture. The loss of agricultural soil

constitutes not only the loss of a portion cf our nation's resources,

but also a major pollutant in waterways and estuaries. This sediment

carries with it many of the nutriti ve ;.nd toxic chemicals which may

upset the balance of downstream eco: ystmes.

One of the most widely used mode!.. to «stimate soil loss from

agricultural fields is the Universal Scil Loss Equation  Wischmeier

and Smith, 1961!. This is a simp]e empirical equation derived from

statistical techniques that relate rainEall intensity, cropping
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practice, slope, slope length, and soi I r rodability to the annual soil

loss per unit area. The model was prima> ily developed for use in

designing conservation cropping prat t ice.; to keep agricultural soils in

the field. Since this empirical re .ar iori is based on data from all

parts of the country, includes rrrany crop--years, and is easy to use, it

is recommended for assessing the exrent of nonpoint pollution  McElroy,

et al., 1976!, However, the soil oss equation does not predict how

much soil reaches streams or rivers, Th~ ref ore, there is no known

mathematicaL relationship to provide r1<e proper linkage between USLE

predictions and actual sediment yip. os.

More recent efforts have adapted th~ L',SLE to run as part of a

parametric hydrologic model  e.g., Nr gev, 1967; Crawford and Donigian,

1973, 1976!. For this purpose the LISLE was adapted to predict. soil

loss from individual storm events. The LISLE was changed so that soil

loss is a function of runoff rather than rainfall intensity. The

problem remains, however; the relati.onshi.p between soil loss and sedi-

ment yield must be obtained by calibrat.irrg or guessing. In a modified

universal soil loss equation model, Williams �975! incorporated a

deposition function based on partic.'e size and peak flow rate. This

modification provides an improved means t f predicting transport of

soil particles from fields through the stream system. By considering

particle size, Williams model allows the. mod 1 user to look at the

smaller, clay particles which may be enri.ched with nutrients or pesti-

cides.

At the more detailed level, severaL workers have developed sediment

transport models which consider the erosion-ieposition relations as a

function of surface flow conditions. A sediment model developed by

Smith �976! determines soil detachment ..s a function of overland flow

velocity, and transport and deposition are ri Lated to the total trans-

port capacity and unit stream power. By a similar procedure, Kuh and

Reddell �977! and Beasely, et al. rl977! developed two-dimensional

sediment transport models. All three of these sediment models have

been shown effective in predicting the relationship between areas of

high erosion and the resulting sediment load to streams. In addition,

the two-dimensional erosion deposition mcdels reflect unique character-

istics of sub � watershed areas. This spatial responsiveness, however,

is achieved at excessive costs of computer time and storage capacity.



71

In th< VPI 6 SU Agrlcui tur:ii I;ngi neer ing Department, we ar» using
similar equations for predicting sediment detachment and transport, but

the use of Finite Element numerical techniques allows considerable

savings in computer time and storage capaci tv. At the same time, the

Finite Element approach provides a more exact spatial representation of

subwatershed areas, Further discussic n of the Finite Element modeling
procedures with application to stormwater arid sediment yield prediction
on ungaged areas will be presented in a lat:er section of this report,

Chemical transport modeling is considerably more complex than sedi-
ment transport modeling. The chemica] s of greatest concerti from agri-

cultural areas are nitrogen, phosphorus, herbicides, and insecticides.

An appropriate model must consider temporal variation in chemical sources

as well as spatial variations. This is important because agricultural
chemicals are applied to fields on a seasonal basis oz in response to
specific emergency problems. Also decomposition and interconversion of

chemical species is highly dependent on the conditions that affect bio-

logical activity: temperature, moisture content, availability of oxygen,
and the presence of organic energy sources.

Conceptual models for nutrient lo.'s  Frere, 1975! and pesticide

loss  Bailey, et al., 1974 and Bruce, et al., 1975! have been pro-

posed. Application of these modeLs tn a nonhomogenous watershed requires
the use of a hydrologic model that is . patially responsive. Clearly the
same biological and physical effects a,-e not active at all locations in

a watershed. The model must be capabl» of distinguishing changes in
chemical availability that occur in both weLI drained and poorly drained
field areas, in marshy areas, under tr~ es or in open sunlight. The
Finite Element Hydrologic. model with which we are working has the capa-
bility of incorporating these conceptual models such that different

locations would respond uniquely. The effluent water quality would thus
be a composite of runoff from the distinct subareas of the watershed.

In-stream processes can also be incorpc rated to reflect the water quality
changes as runoff from one subarea pas,es over or through another where
different conditions exist.

At present, we are only beginning to develop the rate equations and

coefficients to adapt the biochemical submodels to the Finite Element

Hydrologic Model. Considerable effcrt will be focused on this aspect
for the next three years.



I1J:. A Spatially Responsive Model for Up1and Watersheds

Considerable progress has been made in the Department of Agricultural

Engineering, VPI 6 SU, toward the development of a Finite Flement Spatially

Responsive Storm Hydrograph Model  FESRSHN!. This model has shown promise

for predicting storm runoff from ungaged watersheds  Ross, et al., 1978;

Ross, 1978!, simulating the effect «I landus» change on flood flows of

the South River  Ross, et al., 1976! and tracing flows from subwater-

sheds areas  Smolen, et al., 1977!.

The most significant advantage «t this concept is that many aspects

of the natural watershed system can be incorporated to answer specific

questions about the area's response to perturbation. Thus, the system

properly constructed can be used with data at varying levels of resolu-

tion and can be used to analyze the water quantity and/or quality response

from single farm units, entire basins, or the effect of single farm units

on a larger watershed when the area is sub]ected to a given rainfall dis-

tribution.

The finite element numerical method ~as used as the basis for the

development of a spatially responsive model structure. A fundamental

concept in finite element analysis is t.hat mc st complex systems can be

sub-divided to form some minimal number of st.bsets, which can be analyzed

independently and the results collected t.r fcrm the total system response.

This concept provides a ready mechanism far routing surface flow, pro-

vided that a reliable procedure can be develcped to predict rainfall

excess and to predict reinfiltration as fl.owe move across subsequent

elements.

The above procedure provides for trerrrendous flexibility for the

incorporation of data for the purpose of ~enerar ing synthetic hydrographs.

All available data can be incorporated so that the area's spatioteroporal

integrity can be maintained. A new model structure is not necessary to

do either micro- or raacro-level raodelirrg,

Spatial Variability

Spatial variability is incorporated into the FKSRSHM to improve

estimates of the spatiotemporal variations inherent in rainfall excess

and the time distribution of runoff. Two discretization structures are
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required to represent the spatial tnd Lemp<>r;.<I distribution of rainfall

excess and the routing of the excess w.tter through the drainage system.

Rainfall Excess

A procedure was designed by,',i <! 975!;-»~d Li, et al. �977! to

improve estimates of rainfal1 exc>=as I>y considering the spatial varia-

bility in soils and the spatiotemp<>rat variat>ility of landuse, Basically

the area is subdivided into uniqu< comI>inations  hydrologic response

units! based on soil mapping units and lan«!use data, wit h rainfa I I excess

being calculated for each respons< unil by a soil moisture algorithm. An

empirical approximation was used t<> «!» »rib» infiltration in ] ieu of the

partial differential equations of vert ical unsaturated f low. The primary

component of the soil moisture m<i<i< I was the simulation ot infiltration

with the Holtan equation  Holtan, L961! .

The procedure for describing hydr<~logic response units  HRUS! within

a given watershed is illustra.ted :>y Figures !, 2 and 3, Figures I and 2

represent typical soil and landust map ., respectively. These maps, after

proper scale registration, are c«>mI>Ln»<i t o f<>zm the HRU map  Section A-B,

Figure 3!

It becomes readily apparent <'iat ;< grouping such as shown in Figure

3 can result in a large data matr!x. .he maximum number of unique corn-

binations is equal to the product. <>. t.he number of soil mapping units

 Figure I! and the number of Land«s< c;<tegorles  Figure 2!. The actual

number of HRUS, however, can be m<u h !urger because a given HRU can occur

at several locations within the dr;<Lnage ar»a.

Flow Routing

To provide the best spatioter>i>oral representation of flow by th»

finite element method., the waters1«d w< � .s sub«!ivided into finite-sized

elements where each was a function of those watershed physical factors

that affect. flow timing such as roughness and slope. The procedure is

briefly described in the following section.

A watershed consists of manv sub-..beds unless a field or unit source

drainage system is being analyzed. To maintain flexibility, the model

structure was designed so that. a cr. inage system with multistream orders

could be routinely analyzed. Sine« th<. one dimensional approximation is

'tssumed and the concept of line »le.ments results, element boundaries can be
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Figure 3. Partial hydrologic response unit map for Rocky Run Branch
Watershed, Brunswick County, 'Jirg inia
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irregular. This is permissible because element areas are employed solely

for the purpose of' obtaining lat.eral .'nflow into the elements, With this

flexibility, the element boundaries can be established so that they con-

form to the natural topographic boundaries. Sub-sheds  tributary drainage

systems! can be easily identifie<l from a contour map. These sub � sheds can

also be separated into unit souz«; drainage areas  strips! and the strips

then can be subdivided into finite-sized elements, A typical example is

given by Figure 4.

The division of unit source «reas or strips into elements provides

additional flexibility for incorporating spatial variation  Note that

without subdivision a strip :is also defined as an element.!. After the

element structure has been refined to represent the topographic system,

the modeler has the option to refine the discretization of elements to

the configuration that will provide the best solution to his problem.

For example, if the modeler must determine the fate of nutrient applica-

tions on a particular crop, then the crop must be isolated to form one

or more elements so that flows emanating from that point can be separated

from those originating from adjacent areas,

Creating a Spatially Responsive Cata Base

The first prerequisite to the application of a spatially responsive

modeling system requires the creat.ion of a data base that will adequately

represent the spatiotemporal character of the area being investigated. A

number of watershed characteristi<..s vary spatiotemporally and their vari-

ation must be described for proper evaluation of the impact of each on

the problem being addressed.

The distribution of landuse i.s particularily important since the

proximity of a given cropping syst.em t.o well defined drainage channels

will play a significant role in the magnitude of sediment and nutrients

entering the receiving stream. The orientation of agricultural cropping

systems with respect to slope and drainage channels can significantly

alter the area's hydrologic response. This is particularily true for

small storm events. In general, the effect of landuse change on storm

water runoff tends to decrease as storm size increases.

Surface retention storage varies significantly from one >res to

another. Values exceeding l.5 in< hes may not be uncommon. The. effe< t
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of such areas on storm water runoff f cnd th< associated impact on the

movement and concent.ration uf agricultural nutrients can be significant.

Soils vary greatly in their hydraulic characteristics, therefore

their hydrologic response oft.en varies greatly. These variations are

tempered somewhat by soi1 cover conditions, 1anduse patterns acid manage-

ment practices. Wet land areas, inca.!ized channelization, drai.nage pro-

j ects, farm ponds, etc., can all impact thc quantity and quality <>f water
moved from a specific area,

The preparation of a data bas< tu include spatiotemporal variations

is perhaps the most time-consuming and often challenging task that con-
fronts a modeler  user!. As previouslv noted, the FESRSHM is structured

to provide the user with a high degree of flexibility for the inclusion

of spatial detail to provide answers t.> a specific question. The major
task that faces the user, however. is deciding on the level of discreti-

zation  i.e. spatial variability! that must be inc1uded to get a reliable
simulation at the desired level <>f predictability  accuracy!.

The problem is complicated be«ause of the general lack of objective

criteria to define precisely what detail is necessary for most applications.

We have not, unfortunately, been,<.'>ie io define an exact Jine of demarca-

tion. No single set of criteria,<-,>p< urs to be usable. Rather, the

separation point is a function oi;<n i»credib]y complex set of factors,
which not only i<>eludes physical pruperi ies <>f the drainage system but
economic constraints, The reader is r< ferred to Li, et al. �977!,

Ross, et al. �978! and Ross �978! f<>r additional detail on discreti-

zation and the effect of different levels of aggregation on simulation,

IV. Application to Upland Watershed

Predicting Stormwater Runoff

To il.lustrate the use of the EESRSHN in simulating stormwater runoff

from natural watersheds, three experimental watersheds with complex land-
use were selected that range in size from 183 to 1058 acres. Streamflow

measurements were obtained with conti.nuous water level recorders. The

< ontrol section was a Virginia V-notch weir located in an existing high-

way culvert  Burford and 1.illard, 1963!, At least two continuous record-

ing raingages were located within the boundaries of all watersheds.

Detailed soils, landuse and topographic information was collected ori all

areas. Additional detail is given by Wilson, et al. �975!.
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The data matrices for spatially varying watershed characteristics

were created for each watershed following guidelines given by Ross,

et al. �978!. These data coupled with appropriate rainfall distribu-

tions were used to obtain the results given in Figures 5 � 8. These com-

parisons represent flood flow conditions. Thiessen weighted rainfall

was plotted for the sake of simplicity, although the actual distri.butions

were used in all simulations,

The ungaged context  that is, no parameter optimization or data

manipulations were performed to obtain near perfect flow matches! was

used for all simulations. The results are considered by the authors to

be good to excellent, particularily since they were obtained by simply

compiling the data base and executing the mod.el. The underestimate of

the second peak in Fi.gure 6 is attributed to a poor representation of

the magnitude and distribution of rainfall in the upper reach of the

watershed. Both recording raingages were located on a line parallel

with the watershed outlet. Therefore no measure of actual rainfall was

available for Pony Mountain  upper reach watershed!.

All comparisons could be improved somewhat by optimization of

specific model parameters. However, with inherent errors in the input

data matrix of unknown magnitude due to variations In soil boundaries,

hydraulic properties, etc. and an average error of approximately plus

or minus five percent for excellent quality streamflow records, such

an exercise would appear purely academic. The reader is referred to

Ross �978! for many more comparisons.

Predit:ting Wash Load

The potential use of the FESRSHM as a tool to predict sediment from

upland areas  wash load! i.s presented by ~ numerical example utilizing

an approach suggested by Beasley, et al. �977!. Detachment by rain-

drop impact is assumed to be a function of cropping management factor

 C!, soil erosivity factor  K!, area  A! and the square of rainfall

intensity  I!. The detachment of sedimen due to overland flow was

assumed to be a direct function of C, K, A, slope  S! and lateral flow

 q!. The total soil available for transport at any given time was

assumed to be the sum of these two detachment processes. The soil

transported by overland flow is determined as the difference between

the flow's transport capacity and the soil available for transport from

the previous computati.ons.
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The procedure is illustrated by computing the wash load from Powells

Creek Watershed for storm event ~-31-f2. The appropriate C and K values

for each landuse and soil type were determined from Soil Conservation

Handbook for Virginia  SCS, 1973!, Tl.e simu1ated discharge hydrograph
and sediment graph at the watershec outlet for these conditions is shown

in Figure 9. The peak sediment concerrtratiorr reached 1087 mg/1. This

is considered a reasonable estimate since 8 percent of this watershed

was in corn.

Management Effects

Three examples are given to i11ustrate how management alternatives

may be evaluated. The first example is changing the tillage practice of

corn production from conventional turn plow tn no-tillage, The second

example demonstrates how a small area when changed from wooded to fallow

can significantly alter the sediment yield. Finally, a typical contour

strip crop sequence of corn and hav demonstrates the effectiveness of

this management practice to reduce sediment Loss.

Tillage Practice

All areas in which corn was grown fol1owing the conventional tillage

practice were changed to no-tillage. 1'he results are also shown in

Figure 9 and represent a significant r .duction in the sediment load.

Flooded area changed to fallow

The effect of clearing a wooded s':.rip for cultivation is illustrated

in Figure 10. The peak sediment c,>ncentration �360 mg/1! and volume

were increased by 129 percent and I09 I>ercent, respectively. Flow charac-

teristics were only slightly changed. However, a signifi< ant effect was

noted in the wash load despite an «real change that represented only 8
percent of the watershed.

Strip Crop Sequence of Corn and Hay

A typical strip crop agricultural practice and the discretization to

properly define the elements in the overland flow strip is given in

Figure 11. A series of land slopes were selected to represent a recom-

mended farming practice for mlnimi; ing soil loss when row crops are grown

on hilly terrain. For the purpose of r his example, a rectangular flow

strip sub-divided into equal-sized elements was assumed. A hypothetical
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storm of l-inch per hour for a duration of two hours was applied and the

FESRSHM was used to obtain the results given in Figure ll. The sequence

of erosion and deposition is giver. for each landuse. A total of 193 tons

of soil from an area of 57.5 acres entered the stream.

An alternative land management practice was illustrated by reversing

the cropping pattern in the l.ast two strips. The total sediment entering

the stream was reduced by 66 tons due to this change. Despite the

absence of recorded data to verify the accuracy of the wash load predic-

tions, the values certainly appear reasonable.

V. Summary

Recent concern for environmec>cal ~>oLLution has provided the impetus

for using modeling techniques to relate landuse practices to downstream

water quality. Since pollutant transport is predominantly a hydrologic

process, a major effort has focused on interfacing material transport

sub-models to existing parametric models. This effort has brought to

light an awareness that the values assigned to hydrologic parameters of

a watershed can vary widely within a drainage area. Thus, it is neces-

sary to consider the spatial characteristics of the watershed. The

rapid development of computer technology and data acquisition systems

has made possible a more detailed consideration of the spatiotemporal

variations of such factors as soiL boundaries, local topography, landuse

and rainfall.

Several approaches to nutrient and sediment modeling were summarized.

These varied from sophisticated nutrient balance models to simple loading
function techniques.

Considerable progress has been made in the Department of Agricultural

Engineering to develop a spatiall: responsive hydrologic model for use in

all phases of agricultural soil and water management. The most signifi-

cant advantage of this concept is that many aspects of the natural water-

shed system can be incorporated t<! answer specific questions about a

watershed's response to some man-t>ade c hange. In addition, all available

data can be utilized to its fulle .t advantage to insure that the spatio-

temporal integrity of the system zs mai.ntained. A new modeling structure

is not required to do either micro or macro level modeling.

The spatially responsive hydrologic model was developed for the pur-

pose of providing reliable predictions of storm water discharge on ungaged



wrrLersheds. Several examples were pr»sent ed and these results were con-

sidered to be good to excellent, part.ii ul-.irily when considered in the

ungaged context. Additional example.> for other watersheds located in

Virginia are given by Ross �978!. Th» water quantity model is not a

static system and will be modified as the state of the art for the

description of spatial variability is impr.oved

Utilizing conc.epts developed by Seas> ey, et al. �977!, several

examples were given to illustrate th< use of the model for predicting

wash load from upland watersheds. Tire moc.el was used to demonstrate

how several management practices eff i rt ed the wash load that entered the

stream. The peak concentration of sr d.'merit w~s reduced frorrr

1087 mg/1 to 577 mg/1 when 8 percent of tire watershed area was changed

from conventional tillage to the no-t. illage method of corn production.

The clearing of an area covering only 8 percent of the total watershed

area of 183 acres increased the peak sedirrrent concentration from 1087

mg/1 to 2360 mg/1. The placement of a grass strip in place of corn at

the bottom strip  at stream channel! of a 57. 5 acre strip cropped slope

reduced the volume of erosion entering th» stream by 66 tons for a hypo-

thetical storm with a duration of 2 hours and an intensity of 1-inch per

hour.

The model., to date, has not been adapted to nutrient transport, nor

has the sediment detachment and transport pro ess received a rigorous

treatment. During the next two to three ~ ears, both nutrient transport

and sediment modeling will receive high priority in our research program.
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USE OF THE COl4NOSE RAY AS A FOOD SOURCE

S am D . Tho ma s

With the establishment of a 200-mile economic resource zone, the sea-

food industry entered an era of new technology. As a seafood technologist
and member of the industry, I feel we have a two-fold concern; Conserva-

tion and management of marine resources, and proper utilization of these
resources.

We need to concentrate on the promotion of underutilized species of

fish. "Underutilized species" are those which are found in relative abun-

dance but are not being harvested. Fishermerr do not want to go out for an
underutilized species because its mark t is of such a low economic return

that it does not justify a specific fishery. Although there i.s little

demand for underutilized species in domestic market, there is a demand

for them or similar species in manv Eu:-opean and other foreign markets.
This is the case with the cownose ray.

The eating of skates and rays is not new. Many European countri.es

are importing skate wings, with a very small portion coming from the U.S.

The skates exported from the U.S. are probably incidental catches of some

other type of fishery. With proper marketing and handling, the cownose
ray can become a new ma]or export item,

The cownose ray, referred to as w}ripparee by many fishermen along
our coast, has a range from South America to Chesapeake Bay, There may

be two groups of cownose ray: the one that stays mainly along the
Atlantic Coast, and the one that goes up into the Gulf of Mexico on a

clockwise migration pattern, then back down to South America.

The cownose ray has long been a nuisance along our coast. Oyster-

men and clammers of the Chesapeake Bay area have been plagued by these

animals, for they come into the bay in Large numbers and devour tre-

mendous amounts of shellfish. Sea Grant studies in Virginia have

estimated losses of over $30,000 irr one oyster garden, and losses to

one clammer in excess of $100,000. The shellfishermen were at wit' s

end, willing to da anything to rid themselves of this menace. Some
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people suggested the use of nets around their oyster gardens and
shellfish beds to keep the rays out . They «isa suggested poisoning.

Xn the spring, the rays came int.o North Carolina waters in tre-

mendous schools. They have been spat-tee. in schools a quarter of a
mile wide. Considering each anima is probably less than a meter

across its wingtip, weighing anywhcr» from P.'i ta 30 pounds, a quarter

mile-wide school with rays swimming wingtip ro wingtip represents a

tremendous quantity of fish. They came inta the shallows af North
Carolina and feed mainly on the seal Lope which they find in. beds of
eel grass. They are capable not only of wiping out an entire scall.op
bed in a matter of hours but also af uprooting the eel grass by vio-

lent, activities of their wings, quite often destroying an eel grass

bed.

The rays have also been the cause «f anguish to millions of long-
haul operators and netters. The netter sometimes accidentally traps
rays in the nets. Having no reason to bring them in, he has to turn

them loose by turning loose the rest af his catch.

Complaints fram fi.shermen stirred ~p enough interest for re-
searchers to begin studying rays as a passible new food supply. One

project, "The Study of Utilization of North Carolina Skates and Rays"
by Drs, Tyre Lanier and Steven Otwell of the North Carolina State Uni-
versity, Food Science Department, ended ir. June 1978. As the project
progressed, they realized that thev should direct more attention to
the cownose ray than other rays and skates, mainly because of the
former's abundance in North Carolina water . and the relative ease of

harvesting it in large numbers.

The results of the project included the composition: The meat of
the cownose ray was very high in protein -- 19 to 20X, and very low

in fat � less than 2X. It contained approximately 0,5% urea. The

urea content has caused some problems in the utilization of sharks and

has been a great concern to researchers of elasmahranch fishes. Even

though the cownose ray has a relatively low urea content compared with
other elasmobranchs, it still requires pre-soaking before cooking.

A mild vinegar solution was used tc soak the ray meat for about 35 to

40 minutes.



The results of taste tests of the ray were most favorable. Many

of the panels rated it better than most other seafoode they had eaten

and replied that 5t had an oyster or scallop flavor. Personally, I

thought it had more of an oyster flavor. The texture is somewhat like

pork chop, tougher than most fishery products. Dr. Otwell prepared

ray dishes for the fishermen at Harker's Island and received some very

high ratings. Some fishermen even suggested recipes of their own and

said that they planned to freeze som» meat for future use, Those of

you who are familiar with the Harker's Island fishermen would know

that it is quite a positive attitude coming from them.

In April, the rays started to show up in Core Sound, North Carolina.

On April 24, a longhaul crew from Harker's Island with the assistance

of Dr. Robinson of the National Marine Fisheries Service encircled a

large school of rays and caught a very small portion of it. This large

school was estimated to be somewhere in the neighborhood of 75,000 to

100,000 pounds. A very small portior, of it, about 10,000 pounds, was

caught. Of that, only 2,000 pounds vere kept for the project use.

The 2,000 pounds of cownose ray were taken back to the pilot plant

at the Seafood Lab in Morehead City. Each fish was weighed, measured,

and determined for sex. Pectoral fins, which we call wings, were re-

moved and were found to have a yield of around 42X. This is the part

that is actually used as a food, The liver of the animals accounted

for 2 to 3X of weight. The wings were packaged and frozen at -20oC.

Storage at -20oC for one month yielded a very good product. A longer

storage study was not possible to conduct within the duration of this

pro] ec t.

For taste panel evaluation, the wings were thawed rapidly in cold

running water, and the skin was removed carefully by skinning or hy

hot water blanching. In the case of blanching, the wing was dipped

into a large vat of boiling water for about 40 seconds, then skinned.

The skin peeled off very easily. But blanching left the exterior meat

partially cooked, which might be obje=tionable. Baked wing was not

very favorably received, but fried wing with corn meal coating re-
ceived a high rating.

At the Seafood Lab, we conducted some tests of our own using a

group of Carteret County homemakers. They come in, work with new pro-
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ducts and new ideas, and give comments on them. They tested several

recipes of cownose ray, and I think the most interesting recipe was

mock scallops.

I am sure that most of you have wondered if the meat of skates

and rays is actually used in scallop recipes. Maybe you have eaten

it, thinking it was scallops. It may be possible to disguise some

skates as scallops, but I think it is impossible to pass cownose ray

as scallops because of the dark color snd firm texture. But we found

that the cownose ray was a good substitute for scallops in casserole

recipes. Four recipes tested were evaluated by a taste panel to be of

the highest average ratings for any product. Some of the panel

wanted to know where and when they would be able to buy it on the

market.

There is a lot of positive response to the utilization of cownose

rays. But before any fishery develops a great deal, we need more re-

search and more marketing. We know most European markets prefer the

white flesh of skates. Hut we don't know if they would accept the

much darker meat of the cownose ray, or in what form they want it;

whole wings, the skin on or off, fil.leted or not7 These are some of

the things we need to look into for marketing cownose ray. To support

marketing, we need technology. We need to evaluate processing methods,

packaging techniques, and more storage tests for proximate composition

and product development,

Finally, we know very little about the biology of the cownose

ray. We need to know what the maximum sustainable yield is. This is

going to require a great deal of work on population assessment, repro-

duction rate and other biological aspects of the ray. It would appear

that, without proper management of the cownose ray fishery, we could

wipe out the whole population very easiLy.
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Vibrio ~arahaen]o lofti cps UPDATE

Robert M. Twedt

The incidence of food poisoning in Japan due to Vibrio parahae-

~mal ticus is high. The number r I' report. d cases has ranged from

approximately 5,000 to 20,000, repre. enting approximate]y 50 to 70/

of all reported cases of food pnisoni ng due t o bacterial causes, ln

1974, approximately 8, 000 cases were repnr ted �4! .

Outside of Japan, V. parahaemo1.1ticu» has been isolated from sea-

foods and marine sources from many areas including Asia, Far East,

South Pacific, North America, and Wester» Europe. The bacterium has

been identified in water samples from thf At]antic and Pacific Oceans,

the Gulf of Mexico, and the Baltic. "Eorth, Mediterranean, and Black

Seas �47. Undoubtedly, V. pershsemo~l t:i.t:uo is an organism universally

distributed in the marine environments oE the world �3!.

The isolation of V. parahaemo~l ticu: in North America wae first

reported by Baross and Liston in 19b8 �; . They recovered the organism

from the waters, sediments, and shellfis]g in the Puget Sound region,

and later �! from the waters, sediments, and finfish of Washington

coastal waters. In quick succession, this organism was found in mori-

bund blue crabs �2!, processed blue crab meat from the Chesapeake Bay

 8!, and in Gulf coast shrimp along the Texas coast �7!. The first

Canadian isolation of V. peraheemo~l ticu: was reported in 1971 from

Canadian Atlantic shellfish �2, 23! . American workers found that the

estuarine waters and shellfish of New Hampshire contained V, parahee

m 1 ti �!.

This rapidly accumulating evideni e indicated the universal presence

of V. arahaemol. ticus in the waters, sediments, and seafoods of the

Pacific, Gulf, and Atlantic coastlines of the U.S. and Canada. It also

suggested the possibility of a serious health hazard, in the light of

Japanese experience with this organism. This expectation was realized

shortly thereafter by the epidemii events which began in ] 971 in the

U.S, In the summer of that year, a succession. of four foodborne out-
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breaks of V. arahaemol ticus occurred in Maryland following serving

of steamed crab and crab salad. Thi . and 13 subsequent episodea were

the first documented ersmples �4! of parahaemolyticus food poisoning

in the U.S. in which the causative becteriuxi was recovered from both

patients and contaminated foods �6!.

The importance of obtaining stcols, refctal swabs, or vomitus

specimens in addition to specimens cf suspect foods during outbreaks

cannot be overemphasized. In all ji «-Iihond, patient specimens will

contain the pathogenic strains of V. Parahaem~ol ticus that have been

shown to be responsible for the outtreaks. Such specimens must be ob-

tained at the earliest opportunity because the carrier state is short-

lived � to 7 days!,

A minimum of 10 characters are required to identify the genus

Vibrio and 15 to identify V. pereheamolvticus f!. 9!. Some authors

are apt to further reduce these minimal identifying criteria for the

sake of brevity and to avoid the vagaries of the flagellar stain or

the difficulties in determining the guanine ta cytosine ratio.

Some Japanese investigators feel that a lesser number of identi-

fying criteria for V. arahaemol ticus are required when the organism

has been recovered from human stools rather than from seafoods. Sakazaki

�9! lists the required criteria as follows  Table 1!.

TST agar alkaline slant, acid butt; negative gas from
glucose; negative acid from sucrose anfI negative hydrogen
sulfide; lysine decarboxylase positive,; growth in 8X NaCl
peptone water; oxidase positive; gram negative rod; V.
cholerae antisera Ol negative; human pathogenicity positive.

presumably these biochemical criteria effectively separate V. pazahae-

~mol ticus from the enteric forms that are likely to bs encountered such

as the Enterobacteriaceae, Aeromonas, Plesiomonas, Pseudomonas, V.

cholerae, and V.

V. arahaemol ticus is effectively separated from related marine

of the Voges-Proskauer reaction and sucr<~se reactions, and is differen-

, the fish pathogenmby most of the reactionstiated from V.

listed in Table 2.

V. arahaemol ticus possesses three antigenic components; H, 0,

and K. The H or flagellar antigen was ffyund to be commOn tO all Straina
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Table 1. V. arahaemol ticus Ideztifying Characteristics
 after Sakazaki!

Test Response

Gram stain

Morphology

Motility

Gram negative

Cur red/straight rods

K/A, H2S  -!, Gas   � !

Fermentation,  +!, Gas  -!

TSE

Hugh-Liefson glucose

Cytochrome oxidase

Arginine dihydrolase

Lysine decarboxylase

Gelatin

Halophilism  NaCl! 6K, 8X,  +!

OZ, 10X,  -!

Growth at 42oC

Voges-Proskauer

Indole

Cellobiose

Sucrose

Maltose

Mannitol

Trehalose

NaCl Lysine
TCBS 43C 8X >OF. decarboxylase V.P. SucroseSpecies

V.

V.

Table 2. Separation of V. Rarahaamol~ticoe from Related Nerfne Vibrioe
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of V. arahaemol ticus and to V. ~al in~pl ticus as well, thereby render-

antigen masks the 0 antigen in living cultures, it is necessary to sub-

ject the cells to heating to 100 C for 1 to 2 br to obtain 0 agglutina�

tion �8!, Based on agglutination reactions, using adsorbed sera, 12

0 groups and 54 K types are recognized in the current antigenic schema

for V. arahaemol ticus �2!  Table 3!.

Tabie 3. Antigenic Schema of V. 1>ar,

0 Group K Type

1, 25, 26, 32, 38, 41, 56, 58

3, 28

4*, 5, 6, 7, 29, 10*, 31, 33
37, 43, 45, 48, 54, 57, 59

4*, 8, 9, JO, 11, 12, 13, 34,
42, 49, 53, 55

35, 37, 30*, 47

18, 46

19

20,2l, 2,, 39

23,

24

36, 40, 50, 51

12 52

Total � 12 54 K types/56 serotypes

Absent K 2, 14, 16, 27, 35

* K-types appearing in more than O group.

ing this component of little value f<>r serotyping �0!.

The K antigen is a capsular, po Lys iccharidal antigen and may be

removed from the bacterial body by heat iTig. The K antigens, which

coat the organism, prevent agglutfn«Lfun wfth homologous 0 antiserum

in the living state. The 0 or somat i< antigen is a thermostable antigen,

which is resistant to 50X alcohol arid 1 1! HC1 treatment. Since the K



Serological tests of themse Lves are not diagnostic of V. ~arahae-
~mol ticus because of the in<err-: tivity with many other marine organisms.

We have found that '<. ~al inn~1 ti:.ue, for example, reacts actively with

both arahaemol ticus 0 and K antisers. Further, it must be recognized

that since the current antigeni<,: schema was based on patient strain iso-

laCes only, many marine strains ihtainec from seafoods are untypable,

The Committee on Serotyping of <<. parahaem~aol ticus <7! currently holds

to the position of enlarging the antigeric schema only by the addition

of new human serotypes.

An analysis of V. parahaats> At<.:us serotypes was onducted by the

Food and Drug Administration, Dilyisi >n cf Microbiology, on a total of

750 epidemic and environmental sampl.s during the period 1969-1972.

Approximately 30 different marine species including fish and shellfish

were positive for V. par~ahaemol ti u . No particular serotypes were

exclusively associated with anv marine species. We found ll odd sero�

typic < ombinations from seafood isol,rtes that do not conform to the

antigenic schema proposed by the Typ:ing Committee, Whether this repre-

Senta a true geographic variat iiv<7 in the serotypes of this bacterium

as Zen-Yogi p et al. �3! sugges- ed rf mains to be determined.

The routine serological identif.cstio<r of V, arahaemol ticus can

be based solely on the K antigenic arralysis. In practice, an unknown

isolate is first tested in polyvsl,enr K group antisera. A positive

test is then followed by testing ir< the monovalent K antisera to deter-

mine the specific serotype. Sir~<ye «I most al I. of the K types are assoc-

iated with only a sing]e 0 group, th< determination of the K group

establishes the 0 group more or .less aut<>matically.

An analysis of the recovered di].«tions of all positive seafood

samples for the 0 years showed that < nly i<d/ of the positive recoveries

occurred at a level of 1,000 org/ gm c f s<safood or higher. The remaining

86K of posi.tive recoveries occurred at a level of 100 org/gm of seafood

or lour. The total positive dilutions rrray be represented as follows:

100 org/gm � 16K; 10 org/gm � 3li',; 1 org/gm � 39K. These data confirm

similar observations made on oysters sampled from Galveston Bay �1!.

Evidently, under natural conditions, V. gparahaemol ticus appears to

occur in counts of l00 organisms or less per gram of seafood in the

majority of instances.



102

associated with the summer months when the marine waters are warm

enough to support the growth of this organism. The monthly frequency

of V. arahaemol ticus recovery determined from a composite of 307

isolates during the years 1969 to 1971 is shown in Figure l.
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Maximal recoveries of this crgani.sm from seafoods occurred in the

months of July, August and September. Tliese findings confirm the data

of Niyamoto, et al. �5! for Tokyo Bay w;iters, Baross and Liston �!

for Washington State coastal wate.rs and I;aneko and Colwell �0! for the

Chesapeake Bay area, They are at varian<.e with the observations of

Thompson, Vanderzant, and kay �1!, wbo i-eported no seasonal distribu-

iion of V. parahaem~ol ticus in <>vstcr s fi t>m I alveston Hay. In explana-

t i<i<i, t I>< y siipp<is«t tli it ti<<. r< I it. ivl I y lit gh water tamper rturE in Cti<

 'ul f <if sexi< o f;iiled t<i t;tuse t.be dr.isti < reductioii in V. 1>ar'al>;«�

~mol ticus count described hy the terri nf Figure l. The lowest tempera-

ture recorded in these waters in F'ebruarx was 11.6 C, still above. the

minimum temperature shown by Kaneko arid Colwell �0! to be required for

the grouth of V. >sarahaem~ol ticu in the natural anvironmenc.

In an effort to differentiate entercpathogenic strains from non-

enteropathogenic strains, Kato, eL al.  I I! showed that strains of V.

arahaemol ticus obtained from st<iols of enteric patierits were hemolytic

on a special high salt blood agar, wti.=reas strains of V. 1yara!.ae-

~mol ticus derived from seafoods tnd mdrine waters were not hemolytic

on this;igar. This fir>ding was::inf I imed bv other workers  ]4! . I.ater

on, this special high salt blood;igar was modified by Wagatsuma �9! .

The special hernolytic reaction was referred to as the Kanagawa pIienorne-

non, after the Kanagawa Prefecturil P>~blic Health Laboratory study group

that described it.

The close association betwe u th sour e of V. parahaemol~ticus

isolates and their hemolytic activity as established by Japanese in-

vestigators has been solidly corifirrned in the examination of hundreds

of epidemic and envirorrmentaL isthiates by FDA, Division of Nicrobiology.

All Kanagawa-positive strains were is<>lated from stool cultures; until

very recently, not a single seaf<><hd isolate was positive.

Work conducted in FDA � Bacterial I'hysi<i logy Branch laboratories has

established that a given strain'.' hemc>Iyti<- ability is directly re-

lated to its capability to produ<:» re-ictivity in the rabbit skin and

ileal loop tests �5, 26!  Tabl< 4!. It is paradoxical that the heino-

lytic enteropathogenic strains predominant in patients' stools are only

rarely discovered in raw sea fish and shellfish, or in implicated food.

Speculative explanations that have been proposed suggest that:
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Table 4. Rabbit Ileal Loop Reactivitv of Live Cell Suspensions of
Vibrio arahaemol ticus Strains

Kanagawa Times
Type Tested

No.

Strains Source

Times

Positive Reactivity

23/2525 Human

Human

Marine

163

1/5

1/5

25

Number of positive strains/number of strains tested.

several in vivo animal models. The f irst ilternative explanation Iias

yet to be disproved, but our present evideace, drawn from the rabbit

iieal loop model  unpublished data!, sugge. ts that parahaemolyticus

disease is the consequence of a large inocululi'  ILD50 = 2 x 106!. In
terms of human public health epidemi<>Logy, parahaemolyticus disease

results from the multiplication of virulen: strains to an infective

di>se in mishandled food pr ior to consump t ii>n.

To investigate the possible existence of a roxic factor associated

with the celL structure, we �! compared inop reactivity of various

preparations from hemolytic strains isolat =d from patients' srools

 Table 5!. As expected, broth culture» produced severe dilatation 31

out of 40 times tested �8X!. The percent positive reactivity of cul-

tiire supernatants was 20X, of lysates, 63%, of resuspended lysates, 50%,

arid of lysate supernatants, OX. The»u resiilts indicated that a toxic

 a! the rare Kanagawa-positive enteropathogenic strain present among

any non-virulent varieties on sea fish �0! is selectively enriched

within the living host, colonizes the host's intestinal tract, multi-

plies, and produces toxin, resulting in disease, or:  b! there is an

in vivo exchange of extracellular genetic irateriaL coding for toxin pro-

duction between enteropathogenic strains  perhaps even of another spe-

cie»! and Kanagawa-negative Vibrio.

The second alternative explanatiI>i> wa eliminated by collabora-

tive studies done by 7ink and Vanderzant at. Texas ASN University and

ourselves. Our results showed the absence of crvtic plasmids that were

assr ciated either with Kanagawa hemoiysin >r pathogenic activity bv
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Rabbit L l eal l.oop Res< -. lvi t y <if Var ious Preparations from
Br<it li Cu I t ures of Ka<uigawa- p<isi i ive Vibrio parallaemol v-
ticus St rains

Tab I e 5.

Br<i tli

Strain Cultures

 :ult ure

Supe route;,
Resuspended

Lysates
Lysate

Supernatesl.ysakes

9/10 9/103/10550 6/10 0/10

8/lo

6/10

8/10

5/] 02/ LO 5/10

4/10

0/10

2/10 5/10 0/ 10552

1/lo 7/I il 5/10 0/10553

Total

Positive 31/40 8/40 e/4 i 0/4020/40

X Positive 78 2 !

a Number of times positive/number c f times tested.

factor present in broth cult urea o f I. Lve, ell s was present minimally,

if at all, in the culture superr. tant. I'urthermore, the factor seemed

to be associated primarily wi th t. oc .l. !sat e par tic1es.

We further investigated I ysa tes from eel ls grown on BHI agar �!

 Table 6! . Lysates in phosphate buf f er saline  PBS! were uniformly re-

active; after overnight dialysis in disti.l I ed water, they were inactive,

The part iculate toxicity was not Lost. completely because, when t he dialy-

sands were centrifuged and resuspended Lri PHS to their original volume,

most of the particulate reactivitv was restored in cacti case. The dialy-

sates were inactive until concentrated L -fold  maximum NaC1 1.5/!.

These data suggested that tie toxic principle associated with the

]ysate partic]es was dissociable hand <ctive in the absence of the par-

ticles themselves, though not in the absence of a minimaL saline con-

centratLon.

During this period of invesriqarion,,Japanese workers, proceeding

on the assumption that the enter. ilia th igen ic i ty of Kanagawa-positive

strains results from biologic ef f ec t s of   h» Kanagawa hemo lysin, have

attempted to isolate and characterize that factor.

Several workers have isolated an<i purified a thermostable direct

hemolysin from culture filtrates of K cnagawa-positive strains �4!.

The purified hemolysin has been s.«iwn to be a toxic protein of 45, l00
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Table 6. Rabbit Ileal Loop Reactivitv of Various Preparations From
Lysates of Kanagawa-Positive Vibrio arahaemol ticus Strains
Grown on BHI Agar

I.ysate Resuspended Lysate Concentrated
Dialysand Dialysand Dialysate DialysateStrain Lysates

3/3 0/3

0/3

0/3

2/32/3 0/3

3/>3/3

3/3

0/3 0/39337

0/3 3/3l. l 590

a
Number of times positive/number of times tested.

We tested various preparations from V. yarahaemol ticus strains

on Wagatsuma agar �!  Table 7!. I vsates from Kanagawa-positive cul-

tures were hemolytic. Whereas lysate sup rnatants also showed hemoly-

sin, filtration through 0.45 um membranes removed this reactivity.

Table 7. Kanagawa-Type Hemolysis by Cultures and Various

ticus Grown on BHI Agar

Lysate Lysate
Cultures Lysates ~upernates FiltratesStrain

393

557

553

554

9337

Two principal lines of evidence support a direct relationship of

the toxic particulate factor with the purified hemolysin.  a! There

is a close association between the abil.ity of broth cultures or cell

daltons that exhibits a mean lethal dose for 20g-mice by intraperi-

toneal inoculation of 1.5 pg, a minimal cutaneous response dose in

guinea pig skin of 2.5 pg, and a minimal ileal loop dilatation dose c f

200 pg. Cardiotoxicity of the purified hemolysin has been demonstrated

in rats and in cultured mouse heart cells  ll!.
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suspensions of a V. ~arahaemol~t ic»s is< ! ate to dilate the ligated
rabbit ileum and the strain's ability tc produce Kanagawa hernolysin.
 b! Nori-filterable. Iysate part! i ' es if 1< anagawa-positive cells pro-
duce rabbit loop dilatation anti <is'I herri<31vze Wagatsuma agar. Lysates
of Kanagawa negative ce].ls are Iriirea tiv< iti both cases.

We cannot determine from <I.<I d~.a hd1<etlrer the asso<iation between
particles and hemolysin is a cii:I-;equi nce >f preparation or because the
particles are the source of hem<i. vs i<: svr t1iesis.

Reports from several labor:«.' Iri< s, i ii< i»ding our own �, 17, 24,
28, 31, 343, have suggested th" i V. »araharme~iticus strains an in-
vade host tissue, causing wound nd y;erretalized infections. We uti-
lized irrnnunofluorescence to dete rmi n< wh.th er. strains of virulerrt V.

h 1 t' isolated fram urstr..>enrt.»it-is patients were capable
of invading layers of intestinal t i s.:ue in ! he rabbit ileum  unpub-
lished data!. Specific tagged rabbi!. aniisera were developed against
strains isolated from shellfish r from svmptomatic humans. Fresh
frozen i.leal tissue sections froir ar~ !mals tested with both hernolytic
and non-herno lyt ic Vibrio strains,<crit ex imi ned .

Figure 2 shows a transverse .ei t ion through vil l.i. of a control
i.leal. 1nop inoculated with ster 1 1 1ir 3th. The staining of. this tissue
with specific anti-K sera tagged wit!i iso! bio< yanate served as a nega-
tive control. There is no indic rrion of tissue or bacterial fluo�
rescence.

Figure 3 shows an oblique;;.. tio» throug1i villi of a loop which
had been inoculated with a strong ~ hirnnlyti<' patient isolate of V.

that proved to lih lrigtrly i»vasive and destru< tive.

The lamina propria has been damaged bi the presence or action  elab-

hemolyti<:, All invasive strains test<d c<3»ld penetrate to the muscu-
lar is externa of the intestinal t ra ct .

In a hematoxylin and eosin se<.t ion o1 the muscularis externa of
tissue not exposed to Vibrio, normal tissrre architecture is observed
 Figure 4!.

In Figure 5 the act ion of;»I irivasiv< Vibrio is sh<iwn. The sec-

tion taken from tissue that was rnd<vro;;copical ly f riable shows tota1

oration of hernolysin! of V. ~ara11»empt yt.i=»s. Such massive destruction
was not observed in strains whi<1i wer< ei .1ier not. as invasive ar non-
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loss of normal architecture. Similar H and E sl.ides were used in can-

junction with consecutive fluorescentsections as additional evidence

for the establ ishment of foci of infection, This evidence was mani fest

as greater number of polymorphonucleaz leukocytes than in control sec-

tions.

Results of our studies indicate at this time that V. parahaemo~l

ticus is an organism that. elaborates s cytttoxic. hemolysin and is cap-

able of penetrating host tissue defenses. These virulent factors are

not vigorous enough to allow establishment of infection unless a rather

large infecting dose is ingested by the host. The epidemiology of

parahaemolyticus disease suggests food vector source with no involve-

ment of host-to-host transfer and litt Le danger from the short-lived

carrier state.

Appropriate and reasonable food handling techniques are probably

sufficient to prevent infection from V, ~azahaemol ticus.
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Fig. 2. A transverse frozen sect ion of vi 11i from a rabbi t i leal loop
injected with sterile broth. F]uorescence 192X.



110

Fig. 3. An oblique frozen section of a villus from a rabbi t ileal loop
in]ected with Vibrio par~haemi>~itious strain 553  patient
isolate! . Fluorescence 19?X.



Fig. 4. Section of muscularis externa from a rabbit ileal loop
injected with sterile broth. H and E 192X.
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Fig. 5. Section of muscularis ext.erma f rom a rabbit ileal loop
injected with Vibrio parahaemo~l ticos strain 553. H and E
192x,



113

REFFRFNCF~

1. Division of Microbiology, Fc<>~'. and Drl!g Administration. 1976.
Bacteriological Analyt.i! a 1 .'ianua1, 4th Ede s Washington, D.C.

2. Baross, J., and J. Liston, 1968. Isolat.ion of Vibrio garahae-
m~ol ricus from the Northwest pat > f1c. Nature 237:7263-1264.

3. Baross, J., and J. Liston. 1970. Ocl urrence of Vibrio parahae-
m~ol ticus and related hemolytic Vibrios in marine environ-
ments of Washington State, Appl . Microbiol. 20:179 � 186.

4. Bart ley, C. H. and L. W. Slanetz. l971. Occurrence of Vibrio
arahaemol ticus in estuarine waters and oysters of New

Hampshire. Appl. MicrobioI . 2 L: 965-966,

5. Brown, D. Fu s P. L. Spaulding, and R. M. Twedt. 1977. Entero-
pathogenicity of Vibrio parahaemolyticus in the ligated
rabbi t ileum, Appl. Environ. Mi c robiol. 33: 10-14.

6. Calia, F. Me e and D. E. Johns!>n. L975. Bacteremia in suckling
rabbits after oral chal'enge with Vibrio ~arahae~mol ticus.
Infec t. Immun. 1. L: 1222-1.!25.

7. Committee on the Serological. ivping ~ f Vibrio itarahaa~mol titus.
1970. New serotypes of Vibrio parnhae~mol ticus. Jap..l.
Microbiol. 14:249-250.

8. Fishbein, M., 1. J. Mehlman, .!nd l. Pit! her. 1970. The iso.La-
tion of Vibrio Idarahaemolyti! us from the processed meat of
Chesapeake Bay blue cr;.~1>s. App.l. Microbiot. 20:176-178.

9. Hugh, R,, and R. Sakazaki. I '-~ 72. Minima 1 number of characters
for the identification c>f Vit>rio species, Vibrio choierae
and Vibrio h 1 tif us. Pub. Health Lab. 30:133 � 137.

10. Kaneko, T,, and R. R. Colwel 1973. Bcotogy of Vibrio para-
haem 1 tic s in Chesape;!ke B: !y. J. Bacteriol. 113:24-32.

Il. Kato, Ys s Y. Obara, H. Ichinoe u K. Nagashima, S, Akiyama, K.
Takizawa, A. Matsuchima, S>. 1 ama l., and Y. Miyamoto. L965.

Shokuhin Eisei Kenkyu. l5: 8:-86 l 1 n Japanese! .

1.2. Kran t z, G. E., R. R. Co I we 1 I, and F.. 1.ove lace . 196 9. Vib r io
arahaemol ticus from the B>ue c- h, Callinectes ~sa idus

in Chesapeake Bay. Science 164: L2>86-1287.

:L3. Liston, J., and J. Baross. 1973. Di. t rihution of Vibrio ~ara�

Technol. 36:113-117,



114

14. Miwatani, T., and Y. Takeda. 1976. Vibrio arahaemol ticus. A
causative bacterium of food pois ming. Saikon Publishing Cois
Ltd., Tokyo.

15. Miyamoto, Y., K. Nakamura, and K. Tak~ zawa ..1962. Seasonal dis-
tribution of Oceanomonas spp. ha.ophilic bacteria in the
coastal sea. Its significance irr epidemiology and marine
industry. Jap. J. Bacterio'. 6:;41-]58.

16. Molenda, J. R., W, G. Johnson, M Fislrbein, B. Wentz, I. J. Mehlman,
and T. Dadisman, Jr. 1972. Vibrio arahaemol ticus gastro-
enteriti.s in Maryland: Laborator] aspects. Appl. Mi.crobiol.
24:444-448.

17. Roland, F. P. 1970, Leg gangrerre arrd endotoxin shock due to
Vibrio arahaemol ticus � arr infection acquired in New England
waters. New Eng. J. Med. 282713 �.

18. Sakazaki, R., S. Iwanami, and K. Tarnura. 1968. Studies on the
enteropathogenic, facultatively tralophilic bacteria, Vibrio

arahaemol ticus. II. Sero]ogical .haracteristics. Jap. J.
Med. Sci. Biol. 21:313-324.

l9. Rakazaki., R. 1972. Control of rontaeination sith Vibrio parahae-
~eol tines in seafoods and isolation znd identifioation of the
Vibrio. 8th International Symposium. The Microbiological
Safety of Food, Sept. 17-2, ]9 '2. Reading, England.

II, Flagellar antigens. Jap. J. Ba=teriol. 23: 767-771.

21. Thompson, C. A., Jr., C. Vanderzant, "nd S. M. Ray. 1976. Re-

sediment, and bacteriological and environmental indices.
J. Food Sci. 41:117-122.

22. Thomson, W. K., and D. A. Tremho]m. ] 971. The isolation of Vibrio
arahaemol ticus and related halophil ic bacteria from Canadian

Atlantic Shellfish. Can. J. Microbiol. 17:545-549.

23. Thomson, W. K., and C. L. Thacker. 1972. incidence of Vibrio
arahaemol ticus in shel].fish frcm eight Canadian Atlantic

sampling areas. J. Fish. Res. Bd. Can. 29:1633-1635.

24. Twedt, R. M., P. L. Spaulding, and H, E. Hall, 1969. Morphological,
cultural, biochemical, and serologica] comparison of Japanese

isolated in the United States. J. Bacteriol. 98:511-518.

25. Twedt, R. M., and D. F. Brawn. ]973, Vibrio arahaemol ticus:
Infection or toxicosis? J. Milk Food Technol. 36:129-134.



115

26. Twedt, R. H., and D. F Brow! I >7~<. 'it<<dies on the enterolratho-
genicity of Vibrio para raem<r I~ti«rs i n the ] igat ed rabbit
ileum. Xn: In.ernation r I Svml>osium on Vibrio parahaemolvticus.
T. Fujino, G. Sakaguchi, R. '.~akazaki, and Y. Takeda, eds.
Saikon Publishing Cn., ' okv<~ pp. 21] � 2]7.

27. Vanderzant, C., and R. Nichtl.-on. ].97'1. lsolatiorr of Vibrio
arahaemol ticus from Gi<: F   ast sirrimp..]. Mi]k Food

Technol. 33: 161-162,

28. Von Graevenitz, A., and G. 0 r'.arr-ington. 1973. Halophi] ic
vibrios from extraintesr ina I lesi burrs in man. Infectinn
1:54-58.

29. Wagatsuma, S. 1968. A medi r<m for th test of the hemolytic ac-
tivity of Vibrio parahaem<>]vr icu . Media Circle 13: 159-161.

30. Wagatsuma, S. ]974. Fcolog] < a 1 trrd in.. <~n Kanagawa phenomenon
positive strains of Vibr <i F..ralrsemo vticus. In: Internat i<mal
Symposium on Vibrio ~arel,ar<rrr< l~t i<:us. T. Fuj ino, G. Sakaguchi,
R. Sakazaki, and V. Ta]<r d;<, r ds. S;rikon Publishing Co.,
Toky<>. pp. 91-96.

3L. Weaver, R, F, and N. J. Fhrer<krar z. 1975. Vibrio parahaemol~-
ticus septicemia. Arch. Int,. M<.<i. 135:]97.

32. Zen-Yoji, H., S. Sakai, Y, Kr..cch, T. .toh, and T. Terayama. l970.
Antigenic schema and epicemi<i log r nl' Vibrio ~arahaemol ticus.
Health Lab. Sci. 7: ] 00-1 rg,

33. Zen-Yoji, H., R. A. LeCI air, I<. 0hta, nnd T. S. Nontague. 1973.
Comparison of Vibrio garahaem<~lr I cus cultures isolated in
the United States wi th tl ose iso] ated in Japan. J. Infect.
Dis. 127: 237-241.

34. Zide, N., J. Davis, and:. I'.hrenkr,rnz, 1974. Fulminating Vibrio
arahaemo1 ticus septice!T ia. A .;. ndrnme of er rthemia mulr i-

forme, hemolytic anemi'r, ~n<I !~vp<itension. Arch. Tnt 1 . Ned.
133:479-481.



]18 the material to be scooped up, The m Cerial was deposited either on
board the craft or on the ad jacent bank. The spoon and bag was probably

�!introduced into Europe by the Phoenicians ir the Romans. This plant
ruled supreme unti.l around 1400 AD when significant improvements began
to appear in Holland. .John Huston, in his book "Hydraulic Dredges",
relates that remarkably similar versicns of this dredge still work insouthern England today. EQ,'

  C
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J"igure 1

Agitation dredging is perhaps the oldest form of dredging. It is
recorded, prior to the earthly ministry of Chtist, t.hat weighted t:ree
trunks or crude rakes were dragged by boats down the Indus and Euphrates�!Rivers. The agitated river deposits were carried downstream by rivercurrents. When Abraham, then Abram, lef t the gul f town of Ur of the
Chaldeans, he perhaps witnessed this effort. on th~ Euphrates. That
dredging was required is attested to by the fact that, in Abraham' stime � � about l300 BC, Ur was on the Persian "ulf. Today it is � rather,its remains are--about: 150 miles upriver ',rom the Gulf. In 1435 AD,
elaborate sailing vessels equipped with spike-tooth harrows appeared inHo11and and were used extensively until 1800. Agitation dredging is
still performed today, but on a drastically reducetl scale.

The direct anscestor of the modern mechani al dredge did not appearuntil around 1600. The endless chain-of-bucket.- dredge or the uMud Mill "was first operated by a man-powered treadmill. It ~as also known as"Noah's Ark", probably because by 1 620, horse-drawn treadmills were in
use. The material was dumped into a nearby scow. By 1793, some "MudMills" were large enough to have five horses aboard, two pulling and
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three resting. The advent of the steam engine and its adaptation to

dredging eventually rendered the Mud Mill obsolete.II I'I  ~!

The late 19th century saw the nearly simultaneous development of

the hydrauIic dredge in Europe a ld th Ucited States. In 1855,

Nathaniel H. Lebby designed what is considered by many to be the first

successful hydraulic dredge in the United States, if not the world. �!

The plant was used in 1857 to r~ove about 35,000 cubic yards from a

bar at Charleston, South Carolina It averaged 328 cubic yards a day.
So there are basically two types of dredges � Mechanical and

Hydraulic. The sub-types are:

~Di er ~Dred e  see Figure 2! Iferely a power shovel oper-

ated from a barge. Zt is an eff  ctive dredging plant which can

dig its own flotation in almost «ny material, at near in-situ

density. On the forward hulj, there are two spuds to anchor the

dredge. A kicking spud, located in the. stern, is used to move

the dredge ahead. The dredging depth is limited to the boom

length, 65 feet being about the maximum. This plant is almost

exclusively American.

Ladder ~Dred e  see Figure 3!. The direct descendant of. the

"Mud Mill", it is probably the oldest productive dredge in gen�
eral use today. In the United States, these are used almost

exclusively in mining operations. But in Europe, they are by

far the most popular and used extensively. The ladder dredge
utilizes five or more anchors, rathe: than spuds, for mooring

and is consequently a constant hindrance to navigation.

Bucket ~Dred e  see Figure 4!. This category includes several

types of dredging receptacles. The  !ragline scrapes material off

the bottom. The clam shell and the orange peel are grab-type

buckets that bite bottom material and lift it to a conveyance

mode. The clam shell is used for mud and the orange peel for

loose rock or other hard material. These plants are used exten-

sively around dock and piers where they can excavate close to

structures without structural damage. The bucket dredge is par-

ticularly suited where there are ~bst ructions and trash. Dredg-

ing to depths of 100 feet is aot uncommon.
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Dredging must be viewed as .> .'ot;>1 fun<.t inn involving the pick � up,

transporting, and depositing of  »,->ter .al, Mechanical plants special ize

in the pick � up phase. They depn»i t the ma orial in some type of cor -

veyance mode, perhaps dump»cow» i.r < !nvey >r belts, for transport to

the dump site. Their outstandin1> fea  ures,>re that they can operate. in

cramped quarters and excavate at near in � sit u densities. Hydraulic

dredges, on the other hand, perf !rm the t:>t.>l function � � they pick up,

ships, equipped with drag arms and built- .n bins or hoppers. The capacity

of the hopper dredge varies from 500  o 8000 cubic yards. With the ship
underway, the drags are lowered, pumps activated, and the bins filled.

Once filled, the dredging stops, and the »>aterial is transported tn the

dump site. This is the main disadvantage uf the hopper; it has to st<>p
dredging to transport the materia1. The F';l>l>AYONS on]y has bottom dump
capabilit.ies, and must use overbo;. rd <ii.sp<.»als. Some hopper dredges,
su  I> «s t I><-.  lo< tha l», has h<> rh 1»>r > <>r>!!n>>>1> «nd 1> >mp- >Ut <'i>pnL>1 I ii >  's.

Th  pu »p- >ut <apability giv< s addi.<I 8 isp<>»,> 1 flexibility»o thar <  >nf ined,
upland d.isposai areas can he used. At >er hoppers have < idecaster <'  I>a-
bilities as well, Also, a number  >f dredges are solely sidecasters.
Hoppers, in generaL, are suited f >r dr .dging in exposed waters.

Today s hydraulic dredge is a > unuaral]cled excavating plant. When
sufficient water and adequate disposal area are availab]e, it has no

economic competitor. The pipeline 'ut er-head is the most versati]e and

popular dredge in the world today It is, however, susceptible to wave
action.

The pipeline dredge  see Fig >r  6 is g< neral]y referred to by the

size of i ts discharge linc which  > ».-ie., fr >m 6 to 30 in<.:he», 'I'he ]a ger

transpor t, and deposit, hut not wi t ho  t » ~»>e serious < oncessions, par-

t ic >larly in today' s environment- «>us<. i<>us society.

ALI hydrauli< dredges hav«. ->r>< t I!ing in <ommon: they «mpl<>y n <. en-
tri fugal pump discharge into I.h  h<>]  <>f I>» dredge itself, overboard,

ashore, <>r into a barge. >Incc. <.< nt.ri fuga I pumps are used, these plants

have to add dilution water to for�  >.,«<, red,; - s Lurry � � as much «s n inc parts

water to one part solids. Therein 1 irs th  major disadvantage of

hydrauli< plants. The dilui<>n wet er «>mp I i <»tes disposa] operation»

and often generates undesirable turbidi ty ] cv .]s.

Hopper dredges  see Figure '1 are gen<-ra]]y regular ocean-go ing
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the pipeline, the more productive the plant. The dredge is comprised of
a ladder, cutterhead, suction pipe, cutt.e:r motor, pump, engine, spuds, A
and H frames, hoist machinery, spud frames, hull, house, lever room, and
anchor booms.

Most dredgers agree that twa things are critical; the pump and the

cutterhead. The dredge swings with the aid of anchors and advances bv

stepping forward on the spuds. One spud is < alled the digging spud, the
other the setting spud. The dredge 1:ivots an the digging spud, the
cutter cuts into and under the materi al. It swings back for advance on

the setting spud, then cuts again on the digging spud. The dredge does
nat: generally cut on the return unless the material. is very soft. The

reflection of the cutterhead tends to walk on hard material rather than
excavat e.

In the Norfolk district, our primary en~ ironmental concern is

oysters because of their economic importance to the particular locality

and the state. Oyster producing areas get preferential treatment.

Dredging jobs are planned with this in mi..id. Our first contact is the

Virginia Marine Resources Commission. Wi h the aid of their maps, the
locations of leased and public grounds are shown on our plans relative

to the dredging areas. Grounds are 1ocat<.d in the field, if needed.

The dredging layout, the route of the <iredge pipeline, and the disposal
area configurations are influenced strong Ly by oyster ground locat.ions.

Special turbidity control devices ar» considered; turbidity cur-

tains may be installed, pipeline joint.s are bagged � this involves

sealing joint s with burlap � to prevent leaks, sometimes trestles are

canstructed to elevate the pipeline above the oyster ground. While

attractive in theory, trestles have prover< to be detrimental rather

than beneficial. Susceptible to wind and wav action, the trestles

cause more damage to shallow oyster b»ds than the pipeline battom-

placed across the bed. Every effort is made to schedule the dredging
during environmentally preferred periods. In oyster producing areas,
upland disposal is strongly preferrec. Overboard disposal is only con-
sidered as a last-resort: alternative.

All of the above are included in the pro<.ess of developing what we
believe to be our best dredging procedure. The proposed dredging is
then coordinated with state and federal environmental agencies and
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frequently modified to reflect safeguards they consider necessary. The

Norfolk District has found the agencies to be reasonable and most

willing to work within our accommodative «bility. Now the most impor-

tant factor, by far, enters the picture; namely, the contractor's

operational skill and professiona1ism.

There are some operational technique. that contractors should use,

and generally do use, and which, I believe, promote a clean operation.

In the Norfolk District, the majority of the dredging near oyster areas

is in small navigation projects. I'he channels are generally less than

10 feet deep and less than 100 feet wide, The grounds most impacted by

the dredging are those on shallow tidal flats adjacent to the dredge

cut. Most of the damage to these grounds are caused by the plant

attendant to the dredge, not by the dredge per se. I strongly suspect

that anchor booms significantly reduce secondary plant effects.

The dredging area should be adequately controlled and marked, both

horizontally and vertically. Adequate control minimizes overdredging.

The dredge should be operated by an exoerienced leverman, knowledgeable

in sp»dding and maximizing slurry density. Hydraulic dredges generally

transport nine parts water into the di,posal area with every one part of

solids. Since most problems associated with disposal areas are attri-

butable to the water, the solids concentration should be maximized at

all times. The contractors should =lean up behind themselves. There

is no excuse for the work areas to be .left littered with trash, empty

oil drums, abandoned pipeline, and assorted debris,

In closing, I would like to say a few words in favor of � perhaps,

even in defense of � the dredging .iud»stry. We should remember that

dredging is a unique profession. 1c i. not l.ike building a building,

or pouring concrete. Dredging is «lways "plus or minus" at best.

Given the large, clumsy, too often archaic equipment, it is a folly to

demand exactness. Some overdredging and operational latitude i.s to be

expected. I believe that the industry is responding positively to the

environmental challenges and that i.t can meet any reasonable demand.

We in regulatory authority have a great responsibility in this

matter. As I see it, the industry asks only one thing of us. They ask

us to be reasonable in our demand and n.ot to expect "pie in the sky"
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results that they cannot deliver. Ha lane:-.d professionalism is the key-

professionalism on both sides of the issue. Can dredging cohabit wit.h
oyster? I believe it can.
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ANIMAL WASTE RUN-OFF INTO OR IN PROXIMITY TO SHELLFISH WATERS
VIRGINIA' S MANAGEMENT PLAN

Gerald T. Yagel

I. Introduction

Estuarine tributaries of the Chesapeake Bay are valuable producers

of the American oyster Crassostrea vir~inica. A study recently pub-
lished by the Virginia Xnstitute of Marine Science revealed that Vir-

ginia was the most important producer «f this species of oyster in the
nation during the early part of this c .ntury and even until the 1950's.

Earlier records indicate that in 1875, annual production had increased

to 17 mi.llion bushels and may have reached 20 million bushels or more

per year in the period between 1875 and 1885, From l931 to 1960, the

annual production decreased but was st 11 high, and the average produc-

tion during that period for Virginia ranged from about 1,3 to 3.5 million

bushel.s, prior to the decline caused by the oyster disease HSX.

By authority of the State Water Control Law, the Virginia State

Water Control Board is charged with the responsibility to:

1. Protect existing high quality of State waters and restore
all other State waters to sucl. a condition of quality that
any such waters will permit all reasonable public uses and
will support the propagation and growth of all aquatic life,
including game fish, which might ceasonably be expected to
inhabit them,

2. Safeguard the clean waters of the State from pollution,

3. Prevent any increase in pollution., and

4. Reduce existing pollution in order to provide for the health,
safety and welfare of the citizens of the Commonwealth.

Pollution sources identified have created, in the past, the neces-

sity for condemnations of valuable shellfish growing waters under the

classification of "Prohibited" which prohibits the direct marketing of
shellfish.

Since the enactment of the Virginia State Water Control Law on

July 1, 1946, the Board has been engaged in intensive programs to insure
the construction of adequate waste treatment facilities throughout the
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Commonwealth. In Tidewater, Virginia, th<= Board has proposed to reduce

the number of acres of estuarine waters that ar» condemned of direct

marketing of shellfish. A'though domesti< sewage and waste from large

industrial operations are probably m<>re familiar to the layman because

of the publicity given such causes of pollution, there are many other

types of pollution sources, such as marinas and other types of onshore

fecal generating waste sources, which adv< rsely affect shellfish water

quality.

Animal waste resulting from certain «gricultural operations also

poses a serious threat to the qua.Lity of the Commonwealth's shellfish

growing waters and to the social and economic benefits derived from

the shellfish industry. One of the < u Lprrts of this type of waste is

large female hogs, affectionately known a.; "sweetlips." The indiscrim-

inate behavior of "sweetlips" creates a definite waste problem, espec-

ially when that behavior generates waste which flows directly into

Virginia's estuarine waters.

II. Historical Activities by the Hoard in Animal Haste fianagement
 July 1, 1946 through January 1, 1972!

The Board and its staff have beet! aw .re, since its inception, that

concentrated animal feeding operations which discharge waste into sur-

face waters have created water quality degradation. When these opera-

tions have been brought to the Board's attention, corrective measures

were sought and required under appropriat~ sections of the State Water

Control Law. Technical advice and assistance in these instances have

been made available over the years by the VPI<~SU Extension Service.

Their expertise, a result of research and other studies, has made it

possible for the operator to secure corrections without. an inordinate

amount of capital expense.

However, prior to 1972, no massive anima.L waste correction program

existed for all farms in the Commonwealth. The problems were corrected

on a case-by-case basis for those that were obviously causing water

quality problems. No extensive "search and ct>rrect" program was init-

iated. Although many small programs were in existence, they were un-

known to the Board and its staff.
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In early 1972, the Board was informed by the State Department of

Health, Bureau of Shellfish Sanitation, that the Pood & Drug Administra-

tion was very unhappy with Virginia's shellfish sanitation program, and

that animal waste sources uncorrected near tidal waters were a signifi-

cant point of concern. As a result Uf emergency funding from the Vir-

gini.a General Assembly, the Board was provided with a considerable

increase in staff, equipment and other ancillary needs. In March of

1972, the staff embarked upon an intensive animal ~sate pollution abate-

ment program. That program has continued and has become highly refined

since 1972.

IV. Legal Bas~s for the Board's Agricvltl ral Waste Management Program

A. Provisions of the State Water Control Law as Amended

The Board's authority to concroI animal waste, even though some

wastes are not directly discharged into estuarine waters, has been de-

rived from two segments of the State Water Control Law. The law

empowers the Board with sufficient autioritv to regulate the handIing,

treatment, storage, disposal, and any other actions connected with

animal ~aste when State waters may be .ontaminated or the quality of

shellfish growing waters is threatened. The law applies to all animal

operators who handle, store, distribut or produce animal waste or

cause that waste to be handled, stored, distributed or produced from

any establi.shment or farm.

B. Federal Water Pollution Control Act Amendments of 1972  PL 92-500!

The objective of the Federal Water Pol tution Control Act Amendments

of 1972  PL 92-500! is to restore the chemical, physical and biological

integrity of the nation's waters. To «chieve this objective, the law

sets a national goal of no discharge of any pollutants into navigable

waters of these United States by 1985. Section 402 of that Act sets

forth requirements for point source discharges and a permitting system

under the National Pollution Discharge Elimination System  NPDES!.

Agricultural waste is included in that permitting system, if that waste

is being discharged in discreet and significant amounts.

In the rules and regulations published by the U.S. Environmental
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Protection Agency  EPAl, a concentrated aniraa L feeding operation is

defined as an animal feeding operation where animals had been or will

be stabled or confined and fed or maintained i or a total of 45 days or

more in any 12 month period and containing more than 1,000 animal units.

One animal unit is equivalent to one slaughter and feeder cattle. Animal

unit equivalency for other species of animals vary depending on the

species.

C. The Board's Adopted Strategy for Animal Waste No-Discharge Certificate

Prior to EPA's promulgation of these rules and regulations, the

State Water Control Board already had an ongoing animal waste management

program which exceeded or was at least equal to EPA's requirements. The

administration of that program is entitled "A State No-Discharge Certif-

icate Program" which, in essence, requires that under certain conditions

there must be no discharge of animal waste into State waters. Certifi-

cates are required for operations which have a potential or actual dis-

charge of waste in liquid or semi-liquid form and, less commonly, in

solid form. These certificates are legal documents and violation of any

provision contained can result in enforcement action.

Y. Animal Waste Sources and Animal Waste Management Procedures

A. Concentrated Animal Feeding Operations

EPA Requirements. For concentrated animal feeding, KPA requires
an NPDES permit for all operations which confine 1,000 animal units or

more and may result in a discharge during ~ rainfall event that is ex-

pected to occur at a 25-year frequencv in a 24-hour period. Those opera-

tions that are designed to contain waste and would discharge only in the

event of a 25-year 24-hour storm are exempted from the EPA requirement

of the NPDES permit.

2. BOard'S NO-diSCharge CertifiCate PrOgram. AS stated earlier,

the Board's management program is equaI to. and in many cases, more

stringent than EPA's requirements. The Board's recently adopted strategy

is to continue the State program that is at least as restrictive as EPA's

for several reasons, which are as follows:

a, No discharge of pollutants virtuaI ly liminates all possibility
of water pollution of shellfish w- ters except in times af pro-
longed and unusually severe precipitation,
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b. Detailed record keeping «nd reporting, generally associated
with NPDES permits, are not required by the State no-discharge
certificates. This makes the entire program easier to under-
stand and more economics' ly feasible for the small-scale
producer/operator.

c. State no-discharge certificat es are easy to handle adminis-
tratively since involvement v ith the EPA in the issuance
process is eliminated.

d. The relative infrequency witt which animal wastes are collected
and disposed of does not make the waste readily amenable to
conventional treatment to a degree that will allo~ a discharge.

e. No waste ~ster treatment operator is generally required for
no-discharge operations.

f. And in no � discharge mode of operation, animal wastes are re-
cycled to the land, thereby conserving a valuable and useful
resource and almost guaranteeing that the waste from these
concentrated feed lots wi11 not reach shellfish waters.

There are zany types of waste contairment facilities which a farm

operator could utilize following the receiving of design assistance

from the experts of the agricultural agencies. The most prevalent

type of facility utilized in Virginia is the anaerobic lagoon, If

properly designed, allowing for 60 days extra storage rainfall in ex-

cess of evaporation, an additional capacity for the 25-year 24-hour

rainfall event and one foot of freeboard, these facilities will operate
satisfactorily without malfunction as Long as proper maintenance is

employed. When the one foot of freeboard is reached, the state certifi-

cate requires the owner to dispose of 'he contents on to cultivated

land. As long as goad land application practices are employed, as recom-

mended by the experts of the agricultural agencies, carry � over of fecal

waste into adjacent streams can be virtually eliminated. This includes

immediate incorporation into the soil <>f the lagoon excess.

B. Non-Point Source  Vnconfinedj Animal Operations

Non-point. source animal pollution from unconfined animal produc-

tion sites is a second category of specific concern to FDA and Virginia's
shellfish control authority, Bureau of Shellfish Sanitation. The most

common change in stream water quality caused by these types of operation
following rainfall and pollutant transfer to contiguous waters- � often

the only change that can be definitely identified � -is elevated counts

of indicator bacteria. One particular study found that it is difficult
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or impossible to distinguish betweett poll«tant» from farm animal produc-

tion units in an unconfined pasture-grazing type of operation and

natural pollutants in the :eceiving . tream. EPA has concluded that

controL of pollutants from unconfined animal production units may be

to no avail unless other pollutant sources naturally occurring in the
watershed are controlled as well.

If Virginia's Animal Waste Management Plan is to continue to be

successful in allayi.ng the concerns of the shellfish authorities about

these types of operations, some form of mcdel method must be established

to help eliminate pollutant losses from these sources. No such model

exists at present for unconfined animal produi tion systems. Since the

prediction of increases of bacteriological concentrations itt shellfish

waters caused by these operations is not poss.'ble within the present

state of technology, good generaj management practices by the farm owner

are the only immediate tools avai.lable to remove the question of animal
waste contaminating shellfish.

Guidance regarding the significance of these types of operation

on shellfish water quality has repeatedly been sought from the FDA. All

manuals, publications, strategies, design criteria and other. materials

util. ized by the Board in its Animal Waste Management Program were made

available to FDA for their review in the hope that some definitive gui-

dance would be established. Further, EPA and FDA have been requested

formally to coordinate their animal waste =antral guidelines as they re-
late to shellfish water quality and attimal raising operations. To date,

responses received have been unacceptable «nd noncommittal.

It is difficult to require stringent corrective measures that im-

pose a severe economic burden on all unconI ined animal production opera-

tions. There is no assurance of success or of concurrence of a corrective

program as it relates to shellfish water q«alitv from the FDA. Thus, the

inability of EPA and FDA to agree on accept:able animal pollution control

requirements adjacent to shellfish growing waters is one major problem
nagging our staff and Board. If we are to protect the bacteriological

quality of shellfish growing waters io acccrdance with existing statutes,

we must at least have some assurance that corrective actions taken will

achieve positive results for the protectiorj of the shellfish industry.
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It i.s recognized that the movement of pollutants from unconfined

animal production units to shellfish waters is governed by numerous

complex and variable hydrological and management factors which are yet

to be codified. This is probably one of the reasons FDA and EPA are

reluctant to establish firm guidelines for these types of operations

that would be considered sufficient to protect the marketability of

shellfish. Indeed, this problem must be addressed to animal waste con-

trol programs of all shellfish produc..ng states.

1. Studies of Diffuse Waste Generated Adjacent to Shellfish
Growing Waters

Our agency is presently committed to developing designs of several

non-point source studies on selected c ritical shellfish watersheds, The

purpose of these studies is to develop some form of a mathematical

model that would serve as a reliable predictive tool and provide case-

by-case guidance on these types of animal waste operations.

2. Bacteriological Indicator Organisms

Field and/or laboratory procedures need to be developed which can

differentiate between human and farm animal organisms found in estuarine

waters, Our personnel are aware that much work is needed on this problem.

But, before final rules and regulations are promulgated, clear agree-

ments on acceptable methods must be reached.

VI. SWCB Coordination and Activity Interaction With Agricultural and

Shellfish State and Federal Agencies

Close coordination and activity interaction with agricultural and

shellfish State and Federal agencies is necessary if Virginia's Animal

Waste Management Program is to be effective in protecting the bacterio-

logical quality of shellfish growing waters, The State Department of

Health, Bureau of Shellfish Sanitation has worked closely with our agency

in this program. Many animal waste raisicg operations, previously un-

known to the Board's staff, are routinely detected by that bureau during

their routine sanitary shoreline surveys and reported to us promptly.

We, in turn, launch immediate investigations of those operations con-

sidered concentrated feed lots and secure corrective action in accordance

with the program and strategy established by the Board. Frequent recon-
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naissance inspections by the staff are conducted and all resulting perti-

nent reports are made available to that bureau for their files to docu-

ment shoreline corrections of concentrated animal waste sources.

The VPI&SU Extension Service and the USDA Soil Conservation Service

have established detailed standards and specifications for engineering

practices, advisory services, and design services to assist farmers in

selecting the proper waste containment facility and animal waste manage-

ment practice plan to insure no discharge of animal waste into tidal

waters.

EPA has undertaken many research project» at its various research

laboratories and provided State regulatory personnel with frequent train-

ing sessions and research documents. EPA has evaluated 244 different

waste containment systems, the majority of which limit water pollution

to acceptable levels provided that good management practices are followed.

Other agencies that have assisted the Board in its Animal Waste Manage-

ment Program are the Virginia Department of Agriculture and Commerce,

Bureau of Dairy Services, Virginia Institute c f Marine Science, Virginia

Marine Resources Commission and, occasionaLly, the U.S. Food and Drug

Administrati.on.

VII. Accomplishments and Progress Since January 't, 1972

Since January 1 of 1972, the correcti~n of many concentrated animal

feed lot operations and subsequent retenti~n c f all waste is partially

responsible for the reopening by the Bureau of She11fish of 156,875

acres of shellfish growing waters as of August l, 1978. Although many

other successful pol]ution abatement programs were continuing during

that period, improved bacterioIagical quality played a large role in

this success.

Over 900 farms have been inspected, aad 138 no-discharge certifi-

cates have been issued in Tidewater, Virginia.

VI II. Public Health Significance of Animal Waste Problem

Shellfish authorities, public health officials, and others have

been repeatedly requested by our staff to demonstrate the public health

significance of diffuse animal waste run-off into shellfish watersheds.



137

No definitive answers have ever been received with the exception of a

report by Dr. C. A. Klein in 1972. Dz. Klein reviewed the world' s

literature on the trinsmission of diseases through shellfish. He con-

cluded that, in the absence of definitive prospective or retrospective

studies, or controlled scientific experiments, it appears unreasonable

to impli.cate shellfish in the transmission of salmonella from non-

human sources. In a study published by the Communicable Disease Center,

the summary stated that "The experience of the CDC since the inception

of records of salmonellosis and shellfish were not considered a part

of the epidemiology of salmonellosis from non-human sources." It is

possible that further studies will conclude that enteric organisms

from animal sources transmitted through c ysters to man are not pathogenic.

IX. Future Plans and Goals

A. Conti nue with Existing and Refined Coordination Plans

There are over 2.3 million farm animals raised in Tidewater, Vir-

ginia, according to 1974 census. Using ooe slaughter and feeder cattle

as one animal unit, this amounts to over 176,000 animal units. These

are raised on 2,290 animal farms io Tidewater, Virgini.a.

B. Continue to Seek Precise Guidance Through the NSSP and U.S. FOA

C. Complete Planned Non-Point Source Waste Studies of Selected Shell-

fish Growing Watersheds

D. Continue to Seek More Refined Animal Waste Control Technology and

Program Procedures

X. Summary

Virginia's Animal Waste Nanagement Program has proven in recent

years to be adequate for the protection of general water quality and

facilitative in Virginia's Shellfish Sanitation Program. Definitive

guidelines from shellfish contro' authorities, both state and federal,

for the proper management of unconfined animal feeding operations of

diffuse animal waste run-off must be fort'~coming if this Virginia man-

agement plan is to be considered totally successful for the benefit of

the shellfi.sh industry. Public health signi.ficance of animal enteric

organisms ingested by shellfish needs to be clearly established or
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better bacteriological procedures should be established for the dif-

ferentiation between animal and human enteric organisms. Future non-

point source watershed st~dies of specific shellfish growing waters

will be conducted and, hopefully, will provide adequate predictive

too ls .

Un ti 1 th es e mode l s are comp le te, BSS and FDA gui danc e regarding

dif fuse animal waste sources becomes more precise, Virginia's manage-

ment plan will continue with the existing no-discharge certif icate

program for concentrated feed lots.

The issue of control for dif fuse animal waste sources must be re-

so lved be f ore addi t ional expend i t ures o f economic and manpower re-

sources can be jus tif ied.
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SHELLFISH SANITATION AND HEALTH EFFECTS STUDY

Mahfouz I-.. Zaki

The present investigation was ir.itiated in the course of court

proceedings in which a few town. in suffolk County, New York, chal-

lenged the validity of the present sl..ell Fish sanitation standards as

enforced by the State of. New York anc the Federal government. In

view of the tremendous economic impa< t o F the shellfish industry on

Long Island, the Suffolk County Executive and the County Legislature

requested that the Department of Health Services review and study the

Shellfish Sanitation Program, its enforcement, and the health effects

of raw clam consumption. The st«dy began in early 1978 as a joint

project between the Suffolk County Department of Health Services and

the Marine Field Station of the United SI ates Environmental Protection

Agency in West Kingston, Rhode Island.

This interim report. describes the objectives of the investigation

and the study design, and touches briefly on the initial findings to

date. In no way was the study designed to challenge the current stan-

dards or to validate present enforcement procedures. Rather, it was

intended to explore several microbiological, epidemiological and public

health components of the Shellfish Sanitation Program.

Ob'ectives of the Investi ation:

1. To study the bacterial contaminaats ~n the water of selected areas
in the Great South Bay.

2. To study the bacterial and viraI contaminants of samples of shell-
fish in the same areas.

3. To study the correlation between the bacterial indicators in the
water samples and the shellfish samples collected in the same areas.
This aspect of the investigation will examine the relationship, if
any, of clean, conditional, and contaminated waters.

To study the effect of several variables on the bacterial indicators.

5. To study the health effects of consuming raw clams among selected
groups and to correlate them with the various bacterial and/or viral
contaminants in water and shellfish. The clams used in this aspect
of the investigation will he obtained from approved areas only.
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Stud Desi n

The following variables were recorded arid tested:

1. Temperature

2. Dissolved oxygen

3. Salinity

4. Rainfall

5. Wind direction and speed

6. Total coliforms

7. Fecal coliforms

8. Fecal streptococci

Results obtained during this 7 � week phase indicate that the tidal cycle

does not significantly affect the bacterial counts. The effect of the

other variables on bacterial counts is still being studied.

Phase II: During this 10-week peri.od, approximately 300 water and

shellfish samples were collected from seven areas and examined for bac-

terial contaminants. A subsample of shellfish was examined for viral

contaminants at the University of New Hampshire. Microbiological test-

ing was performed for the identification of the following organisms

 qualitatively and,whenever possible, quantitatively!:

1. Total coliforms � MF, MPN

2. Fecal coliforms � MF, MPN, Al

3. E'scherichia coii

4. Aeromonas

5. C'Lostr idium perfringens

6. Vibrio par ahaemolpticus

7. Vibrio species

8. Enterococci

Streptococcus bovis

Streptococcus avi um

Streptococcus faeca7ia

Streptococcus faeci um

Phase I: During this period, 275 surface and bottom water samples

were collected from five areas in the Great Sn»th Bay of Long Island.

Sampling was performed at different time periods in order to study the

role of the tidal cycles and other variables on the bacterial counts.



9. Bifido bacteria

10. Canckda albieans

11. Salmonell:
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Comparisons were made between th» various sampling areas and

during different time periods. Bacterial counts were presented
according to the intensity of rainfalj during the period. Bottom

samples were compared with surface samples in the approved and con-
taminated areas, In view of the fact tha" the study is still in pro-
gress, any definite conclusions at this time would be premature.

Phase III: During this phase, water and shellfish are being
examined in a few areas for the feeding experiment.

Many of the microbiological standard.; which have been adopted
or proposed for recreational waters, perishable foods, or shellfish

have not been fully supported by epidemiologic studies of the health
effects on human populations. Some were based on risk factors or

criteria which were applicable several decades ago but are not as

important at present. The lack of the hee.1th effects studies pre-
cipitated the frequent challenges of the validity of the current

standards or guidelines. It is for this reason that the current

investigation is geared toward determining the health effects of raw
clam consumption.

The ideal study design in a situation such as this would be to

take several thousand volunteers, divide them at random into several

groups or strata, and feed them clams collected from waters with dif-

ferent coliform counts or other bacter al indicators. Volunteers

would be followed for a pre-determined period, and any health effects

would be recorded. A decision would then be made of the count or

counts wh:ich provide a reasonable degree of protection. Needless to

say, the various ethical and legal problems involved made this approach
practi.cally impossible. The only alternative is to collect clams from

certified areas, examine them for various indicators, and determine the

health effects in volunteers following the consumption of such clams.

Criteria for Selection of Volunteers: The main criterion for the

selection of volunteers was to recruit a group who could be reached in
large numbers in a few sites and who would be amenable tu follow-up.
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An ideal group was, of course, the student population. Several colleges

were contacted and informed of the purpose of the study, and adminis-

trative approvals were requested. Other groups considered to be suitable

for this type of investigation were employees of the various municipal

agencies and industrial plants. The acceptability of volunteers in the

study was contingent on their willingness to eat. raw clams, on the

absence of history of allergic reactions to clam consumption, on their

willingness to report any sickness during a follow-up period of two

months and, if need be, to provide biological samples.

Stratification: Volunteers will be divided at random into three

blocks.

Block I To be fed raw clams.

Block II To be fed depurated clams.

Block III Will not be fed any clams, but will be

asked to fill out a questionnaire and be

available for follow-up.

The reason for feeding Block II depurated clams is to exclude the

gastroenteric symptoms which are occasionally caused by consumption of

the clam meat irrespective of any microbiclogical contamination. Block

III will serve to provide information relating to the background sick-

ness in this group of volunteers.

Size of the Sam le: Considering that we do not have a rough esti-

mate of the expected incidence of gastroenteric disease among the study

population, it was very difficult to estimate with precision, the

optimum sample size. To be on the safe side, a decision was made to

choose about 8,000 volunteers.

The study group will continue the examination of water and shell-

fish in the Great South Bay as long as weather conditions permit, and

will conduct the feeding experiment during 1979. It is hoped that the

current investigation will help clarify many of the pertinent and

ambiguous issues in the Shellfish Sanitation Program.




