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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

BACTERIOLOGY AND CHEMISTRY OF OYSTERS -

WITH SPECIAL REFERENCE TO REGULATORY CONTROL OF
PRODUCTION, HANDLING, AND SHIPMENT

By. Anesr C. HunTer, Associcie Buoferiologist, and CHANRING W. HARRIBON,
Chief, Ainneapoliy Station, Food, Drug, and Insectivide Adminigtration
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INTRODUCTION

The production, handling, and shipping of oysters were always of
interest to the Bureau of Chemistry in its enforcement of the Fed-
eral food and drugs act. The possibility of pollution with sewage
and trnde waste, the rapidity with which spoilage takes place when

1The writers nre pertleularly Indebted to Pnyn BR. Parsoba, formerly of the Bureau of
Chemisiry, now with the New York $iate Conservation Commissjon, for many gugrestiona
nel mich waterinl, espeeinlly on the bretericlozy of oysters, ., Lk Peaso, of the Pepse
Laborntories, T, . Gorham, vf Brown Unlversity, and T. A. Round aud 5. DeM. Gage,
huth of the Rhode Island Htate Board of Health Luboratories, Luve very kindly Deiped with
supgestlony nnd advice. R, W. lirlcom. of the Food. Drug, and Insectiolde Adminlsteation,
nesinted lu planning and preparing the hulletin.  Floally, acknowledgment is mrde to o
lurge nmmber of Indlvidunla in the service whosn identtfy could not be lenrned from Lhe
officlal reporta of their anaiyees which have been used in this hudletin,

Although this bulletin is pullished after the estnblishment of the Dureau of Chomiatey
umntd Sobla pnd the Food, Drug, and Inseeticlde Administration, It is r eontribution from
the oid Bureau of Chemlstry rather thun from either of the two now unlts.
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oysters are hundled improperly, and the lilelihood of adulteration
with water during the washing processes have made necessury cxten-
sive Diological and chemical investigations to obtain the informa-
tion required to establish regulations controlling the shipment of
oysters in interstate commerce. The Federal food and drugs act
(01)® is applicable to oysters in that it defines odulteration
as {¢) the mixing of any subslance with o food product so us to
reduce or lower or injuriously nffect its quality or strength, (2) the
substitution of any substance wholly or n part for the article, (e)
the removal of any valunble constitient wholly or in purt from the
food product, (d¥ the presence of any poisonous or other added
deloterious ingredient which renders t-ﬁe food injurious to heulth,
and (e) the presence of any filthy, decomposed, or putrid animal or
vegetable substance. Definitions of misbrunded products given in
section 8 of the act ure purticularly applicable to canned oysters.

To obtain relinble data upen tKe many biologicul and chemical
problems surrounding the production and shipment of oysters, upon
which to base interprotations of the food und drugs act and rulings
that sre just to both the producer and the consumer, the Burean of
Chemistry conducted many investigations to determine the biologi-
cal principle. s £ self-purification of uysters, the purification by treat-
ment with culeiun hypochlorite, the hibernation of oysters, and the
effect of various methods of washing and shipping.

This Lbulletin presents u survey of the results of such investigntions,
supplemented where necessary by references to the findings of other

investiontors.

THE OYSTER INDUSTRY

Mollusks of the group that includes oysters are called bivalves,
beenuse they have two shells or valves.  Oysters of commerce belong
te the genus Ostrea, o great many species of which are grown in
various parts of the world. Thus the oyster produced in Turope
is the Ostrea edulis and the principal species in Japan is the O. cu-
cullote. Two species are found on the coasts of Mexico, 0. elonguta
on the eastern const and O, columbiensis on the western const.
0. pucelehana is produced on the eastern coast of South America and
0. columbiensis and O. chilensiz on the western const. Other species
range from Norway to Chile and New Zealand.

In the United States the principal oyster of comumerce is the
Atlentic and Gulf coast oyster, 0. wirginice. The small Olympia
oyster, 0. lurida, is grown in the waters of the Pacific Northwest,
especiully in and about Puget Sound and Willapa Harbor off the

const of Washington.

Oysters are produced commercially in all the Atlantic and Gulf
Coust States except Maine and New Hampshire. On the Pacific
coust, Oregon, Washington, and Galifornia produce for the market
either the native Olympin oyster or the castern oyster, and some-
times both (55).

Churchill, in discassing the geographical distribution of oyster-
growing areas, has described in some detail the scetions where oysters

£ Reference (s made Hy itnlie numbery In purenthesia to ** Literature cited,” p. 70,
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are grown (26). Most of the oysters on the Atlantic and Gulf
coasts are grown in rivers and bays, and in coves along the shore.

The methods of cultivating, harvesting, and handling oysters vary
somewhat in the different rexions. In certain sections oyster beds
nre leased fromn the State and the oysters are cultivated by the
lessee. In other sections oysters grow naturally on beds or reefs and
can be taken by anyone who has the proper license. Difterent types
of genr are used; different clusses of employees are hired tu do the
work; different shucking and washing methods exist.  Turthermore,
the conditions of pollution are different in various localities and,
owing to the difference in the salinity of the waters, there are differ-
ehces 1n the chemieal composition of the oysters. No one investization
to fix reguletions controlling the oyster Industry can apply to all
localities. Tt has been necessury to malte extensive studies of condi-
tions in all oyster-producing regions in order to reach just decisions
upon regulatory matters.

The methods of gathering, storing, shucking, waghing, and market-
ing oysters are described in detal by Churchill (26). Although
oysters ave usually shipped raw, some are canned. Canned oyster
juice and dried oysters are sold in Hmited quantities.

The total production of oysters for the market in the United States
reaches several million bushels annually. Statistics are not available
for the oyster erop for the United States for any one year. Table 1,
which gives the number of bushels of oysters grown for market by
cach producing State on the Atlantic, Gulf, and Pacific coasts, shows
that Maryland and Virginin, drawing upon Chesapeake Bay for
their supply, prodace many more oysters than any other region. The
Pucific coast production appears to be rather stuall as compared with
that of some of the Atlantic and Gulf coast regions.

Tantt L—Oysler production of the United Stufes?

Hlnte Quuntity [ Vnlue Stnte Quankity 1| Value

Allnutle conat: HAuzhels | Dollars || Atlantic ang Gualf consts: Hushels | Dollars

Mupssachusoilad . 114), G602 27, T Flarlda b o aoe, 34

Rhode Ialond L., Lo W AT 124 5uR ) Gull ponst:

Conneeticut 1. - T, (4D 43, Bt Alnbasn . I 233,084 R, 71p

Now York . oL s | 1, 775, 458 Mississippd ! | 1, G0, 122 472 052

Noaw Josoy * WAL ATE 10 T 2,070, 408 Lanisinng o - 1,022, 108 770,434

Delnwarn 'L A0, 826 s, LI5 Texns . a5, 678 176, Q70

Munrylnmd 4 £ M7 ATL 20261, 120 || Pacilic veast:

Vieginin 4. .. 295, 849 1 L 1067, et Washingtns 7o - 60, 454 M, 453

North Unroling i R e Ongon't. .. i W, 714 7, 500

South Coreling L TEBDOM G 113,505 Colifornin 7. __ 13, b4 101, 351

G0t & e v 245,702 #5771

1 Aiptisties Fumlahied by Buresw of Fisheries, U, 8, Department of Comimeree.
t Thia ropresenta merket oysters. It Bs exelusive of sced aysters produeed,

A Yer 101D,

i For 1021.

4 For 1020,

¢ For 1023,

T For 1922,

Table 2 shows the number of cases of canned oysters produced by
various States in 1924, with the total value of the output.




4 TECHNICAL BULLETIN 84, U. 8, DEPT. OF AGRICULTURE

Tapur 2—Number of cases and vulue of eannod oysters® produced in the United
States in 1524 (87)

T

.Ctns {n enth tuse Number of cases produced in—

Houth .
N,_']‘l;:“ l\ﬁ:::- . Onro- | Georgin| Floriqa) (Alfe [ Missis-

Bz T bamn | slppl

Duvices

a8l 7,313 112,855 32, 025 53,001 | $202, 432
18 | 40,715 75 3%y 120, 159 207, 47 |1, 052, 810
A8 [ 7,081 04 0,788 | 67,080
a1: A 188 2,105 1%, 730 STML| 14k 5SE -
Aoy e At 1 any W | 35, 50l 8027 | 347,230
. L . 28

+

Totnl..._ Liy3, 908 13, 286 204, 548 [ 9, 685 (460,427 (2, 478, (44

1 Dysters warn eanned al § plants [ Maryland, 6 o North Qarelion, 13 in South Coroliue, 8 in Geargls,
&in Florkdu, o ln Alnbumas, 21 {n Misslssippd, 8 In Lonisiang, and 1 in Texes,
1 Inetudes puek of S-ouncoe ents coriverted to the equivalont of $-ounes cans, 4 dozan to the cose.

In order to indicate the relative value of the oyster crop us com-
pared with that of the entire fisheries ontput of each oyster pro-
ducing region, Table 3 has been compiled. 1111 compiling the data for
this table oysters from private beds and from public beds were added
together. No oysters produced for seed were considered.

Tante 3—0yster output and tolal flsheries oulput by sections’

Potal Park Total val ) Valus

ot TB)Ire- , ulup 0 Tepye-

fishories | Ovstors? [somten by B;‘]l]";r"lg; ovsters jsented by
oystars oystors

Mussgehusotts, RhotdeIs- FPomuls Founds | Per cent | Dollary Dollars | F'er cent
land, nod Contiecticot.- - J18, 854, 771 | 11,090, 715 2.8 | 15, 856,962 | 2,015, TOB 2.7
Now Yok, Now Jorsey,
and Delnwore 2, 397, 120 | 23, 293, 407 7.0 | LI,622, 772 [ 4, 214, (64 36,2
Maryland and Vieginia__.| 430, 740, 884 | B4, 413,205 10,3 | 12, 740, 392 | 4, 459, 43 35.0
North  Cerollou, Bouth
Qarollos, Georgla, and
Florlda (enst const) 228, 747, 030 | 11,172, 336 4.9 | 5 087,340 448,137 B3
Floridn (west r:nnsf.{.Alu-
bamn, Missigsippt, Lon-
Islnon, and Toxns 100, 324, 012 | 24,823, 309 B, 004, 650 | L, 574,445
Wishlongtan, Oregon, and
Ouliforole 12 | 242,008, 421 | ? 602, 084 -2 | 12,143, 583 417,714

L Com il from U. 8. Dapt, Qommerce, Bur. Flsherfos Btat. Duls, (92, 98, 84, 04, 96, 85).
1 Mnrket oysters, exciusive of soed oysturs,
tIncludes both enstern and nnulve oysters.

CHEMICAL COMPOSITION OF OYSTERS

MEATS AND LIGQUOR

Very few results showing the exact chemical composition of oys-
ters are available. For enfercing the Federal food and drugs act
and for studying the changes that take place during floating (p. 36)
and washing (p. 43), it has been sufficient to determine the solids,
ash, and salt content. A large number of anatyses indieating the
proportion of solids and ssit in normal oysters from various locali-
ties are therefore at hand.

From the few detailed analyses available it is cvident that oysters
are very complex bodies, high in nitrogen and phosphorus-contain-
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ing compounds. No doubt, both water-soluble and water-insoluble
proteins are present. Carbohydrates, in the form of glycogen, are
found in varying quantities. Opysters alsc contain fatty bodies,
which are usually reported as “ ether extract.” The ash of oysters
contains, besides sodium chloride, probably ‘almost every chemical
element of sea water. Iodine and traces of bromine are present, as
well as celcium and magnesium carbonates.

According to an anonymous review (1), the average weight of the
native Enghsh oyster is 142 grains, the moisture content 1 between
77 and 83 per cent, the oyster contains organic matter up to 21 per
cent, and the mineral matter content is between 1.6 and 2.5 per cent.

Protein constitutes 46.3 per cent of the organic matter examined,
glycogen being present to the extent of 4 per cent, and the fat con-
tent is 4.7 per cent. The rest of the organic portion is composed of
nonnitrogenous matter. Glycero-phosphoric compounds, such as
lecithin and glycero-phosphates of alkali metals, are present. Fifty
per cent of the mineral matter is composed of soluble phosphates and
32 per cent is sodium chloride. There are smaller proportions of
magnesium and caleium phosphates, with traces of copper, zine, and
other metals.

Mitchell (62) reported that the carbohydrate glycogen is the
substance the presence or absence of which makes oysters fat or lean.
He found that the proportions of glycogen in 82 determinations
varied {rom 3.05 fo 22.46 per cent of the ash-free solids. When
food is scarce oysters use glycogen to spare the proteins,-

In analyses of dried samplengindmun and Goodrich (45) found
that 7.4 per cent protein, 1.62 per-cent fat, 2.12 per cent ash, and 3.2
per cent carbohydrate were present in Atlantic coast oysters; and
7.58 per cent protein, 1.64 per cent fat, 2.07 per cent ash, and 3.4 per
cent carbobydrate in Puget Sound oysters. These data are in good
agreement with the results of analyses made in the Office of Experi-
ment Stations, United States Department of Agriculture (13), which
showed that oysters contain 18.1 per cent solids, 6.2 per cent protein,
1.2 per cent fat, 3.7 per cent carbohydrates, and 2 per cent ash.
Maximum, minimum, and #verage fizures from the very large num-
ber of snalyses made by the Bureau of Chemistry (Table 4) show
the range .og solids, ash, and sult in oysters from known sources.




TaBLE 4.—Solids, ash, and sall conlent of authentic samples of oysters

*izats Liquor ) Entire sample

Souree and condition of oysters Meat Liquor -
Solids Ash . Salt Solids Ash Balt Solids Ash Balt

New England:

Unwashed— Per cént | Per cent | Percent | Per cent | Per cent | Per cent Per cent.| Percent | Percent | Percent | Percent
Alaximum deccmmmeeer e ceann ool 95.7(20)1 24.4(26)] 24 05(20) 3 03(15) 1.41(20)| 6.67(205] 2 76(15)| 2.66(20)| 2L 58(20)| 2.70(15)! 1. 53(20)
Minimum..... - 75.8 4.3 16. 94 .67 4,60 2.40 1.81 15. 56 197 H
W .‘&lvé:mge. mmmimmeerec—seeimemembmmmem—o .| 85.07 14.93 20,57 2. 29 .92 5.32 2.57 2.13 18.20 2.25 1.10
ashed—
Maximum ! - 08.5(15)| 13.9(18)] 21. 44(15)| 1.99(15); .63(15)| 7. 00(15)| 1.72(9) 1. 56{15) 21. 0(15) 1.77(9) . 88(15)
% $T03100TH) < OIS RSRR R P EV RS wee{ 88.1 L5 15.29 1.20 .24 3:62 1.08 . 14.41 . 27
Average. -} 83.1 6.9 18.20 1.50 .35 5,01 1.34 .97 - 17,28 1.44 40
New York: . ‘ :
Unwashed—
Maximum ! ...i23.4015) | 2.90(15)| 1.01(15)
Minimim. e co e o ceeerccmec e - 17.1 1.73 A4 -
AVEIBER. cccccaccocnemrmmcaseociimmann- 1200 2.19 .73 .-
Washed—
Maximum ! - - 19,2(15) | 1.72(15) .34(15) PR S O
Minimum . e caae 13.6 .98 .09 ——-- : 8
Avernge...-... 17.3 1.29 .16 : . -
Pelaware Bay:

Unwashed— 4
Maximum ! - saa '23.6(14) 2,107, .67014)[ 5.06(3) { 2 18(3) 1. 62 3) A
MiIDIMMUM e eeseeecaso e eeronmermmmemme e m e eeme 20.2 1.74 .09 3.93 1.92 e foadt
B . 22.4 1.92 .44 4.46 2.07 1. 32 |-z

‘Washed— .

M'mmum 1 e eiememmmmeeeecaaeeae em 18, 69(3) .......... LI8(3) feciacannns : i --
AN - o teeotie oo r e cmromciamm————— e 18.3 .09 . - A
Average. . . [ R 18. 52 .12

Chesapeake Bay:

Unwashed— : : R .

Maximum ! --| 97 0(2") 40. 0(22) 26.9(35) | 2. 25(35) "4 (32) 6, 65(34) 2.00(34) 1. 52(34) - L PR
Minimum .| 60.0 3.0 17.0 2,90 .34 - 22.:%
Average..--. - .- 80.9 19.1 19.3 1 30 . 20 4,03 1 22 55t B Y -

Washed—; N 5 .

Maximum ! --.| 100,0(27)} 10. 0(27) 17.5(27) 1 35(13) L28(27)| 5. 06(18)| 1.31(12)| 1. 05(18) 16.47(9) |-iocmnan-- .13(9)

Minimum 20.0 10.73 .00 2.38 .64 .18 0,08 .

Avernge- - 95. 4 4 0 14:18 1. 01 .08 3.84 .78 .40 13.00 08
8outh Atlantic and Florida:

Unwashed— R .

Maximum ! ...| $6.6(6) | 47.5(5) | 18.33(5) | 2. 72 ) | 1.14(5) | 4.01(5) | 2 aa(o) 2.05(3) . 2
Minimum < 52,6 13.4 14. 28 .05 2.56 .38
Average. : -l 74.8 25,4 15.70 1 38 .36 3.20 1. 20 L <} -

GENLTIAOIEOY 0 "LJEQ 'S ' 99 NIIATING TVOINHOAL




Washed—
Maximuing !

Minimum.

Average..

Olympia:
Unwashed—

Average. -

Eastern oysters transplanted to Pacific coast;
Unwashed—
Maximum

Minimum

Average.

17.47(7) ; 1.72(7)
13.53 .73
14.88 1.08
24.46(14)! 2.74(14)
20.10 1.43
22,84 1.90

22.26(3) .| - 2 42(5)
19,77 1.60
20, 80 2,03

L47(7)
.0
.18

.60(14)
7
.35

.82()

457

20.56(6)
11.95
15.02
20.56(5)
13.46
16.59

83(6:
.46

. 40
2,43 (5)
1.46
1.96

1 The number of determinations from which the maximum, minimum, and average figures in each case are taken is given in parentheses after the maximum figure.
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The solids content of northern oysters is higher than that of
southern oysters, The moisture content of unwashed oyster meats
varies between about 73 and 85 per cent, making them from three-
fourths to four-fifths water. These maximum and minimum figures
may not be absolutely the highest or lowest which might be found.

ysters often contain appreciable quantities of heavy metals
Many investigators have reached the conclusion that all oysters con-
tain some copper. According to Hiltner and Wichmann (44),
zinc is present universally in oysters, at least in those grown in
Atlantic waters. These investigators state that there is no direct
relation between the zine content and the body weight of oysters, no
uniformity of ratio of zine to copper, and no correlation between the
zine content of oysters and the water in which they grow. The
quantities of heavy metals present seem to indicate that oysters exert
n selective action for zinc and copper. The high proportions of zinc
and copper in oysters from beds in the vicinity of industrial plants
using tﬁlese metals can be readily accounted for. The high zinc con-
tent of those from beds 3ar reinoved from any known source of metal-
lic contamination may be explained by the probability that oysters
rradually remove traces of the metals from the water und store them
in their tissues.

The arsenic, copper, zine, and lead contents of oysters taken from
beds, ostly in t.Fm vicinity of New York and New England, were
determined. (Table 5.) .

TaABLE B.—ITcovy metel conlent of opsters of known origin

Dule ox- | Arscoie Congrer Zine
Sotires nmined | (A530) (Cu) (Zm

Mygm. per | Mpm. per
Conneclivut: 1907 kilo kito
Mlionus REver oo Jan. 18 {

Meauth of Milans River. . eeceeee e Jan. 30
New York:
Princosy Bay. Fch. 0
Feb, 21
Fob. 19

I

EONoERENSI IS TOn b

okl ko

Creenpart, Long Lanud
QOyster Boy, Long Island.. ...

Great South Bay

Gyster Buy, Cold Spring Marbar
East Rocknway.__ .

Rockowny.
Hympsiend Boy

[tul k-l L PN

Mur. 20
MNew Jersey:
Perth Amhoy. . Feh, 21
Virginin:
Waehaprenghe. - Mar. 13

LA
]

All the samples contained appreciable quantities of arsenic, copper,
and zine, and some showed traces of lead. 'The zinc content was very
high. It was easy to trace the metallic_contamination in some of
these samples, for instance those from Mianus River, Conn, and
Princess Bay, N. Y. On the other hand, such areas as Oyster Bay.
Hempstead Bay, and Great South Bay are far from any known
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source' of metallic contamination, and Wachapreague, Va., is.fer
from' any manufacturing center. Yet oysters from these waters
show the presence of heavy metals, There is reason to believe that
oysters will absorb from the water almost uny substance which it
contuins. Thus, oysters taken from the vieinity of dye works where
(uantities of aniline dyes were being discharged had .distributed
through their meat a variety of aniline colors.

Chemical analysis shows that oyster meat contains elements which
make it a valuable food. The Lancet (1) reported that oysters con-
iain all classes of nutritive material in readily assimilable form,
The Office of Experiment Stations, Departiment of Agriculture,
stated that there are 23.5 calories in 1 pound of oysters (18).

From its high content of soluble proteins and its high mineral
salt content there is every reason to believe that the oyster is a highly
valuable addition. to the -diet. One gallon of good-grade -oysters, if
not excessively washed, weighs about 8 pounds and 11 cunces. This
will furnish about 1.75 pounds of dry solids, a large proportion of
which is protein and vai)uable mineral matter. Mitchell states that
the pluce of oysters in the dietary is not just the same as that of
meat or fish, but is more like that of a cereal or vegetable. Labora-
tory experiments have shown that as much as 40 per cent of the solid
matter in ground oyster meats is soluble in water. Theso water-
soluble solids include portions of all the valuable food constituents
of the oyster, both orgunic and mineral. Calcium, phosphorus, iron,
and lodine nre also present in oysters in appreciable guantities.

The presence of vitamins, or growth-aceessory elements, in oysters
has been reported by several investigators. Randoin (74) reported
the results of such a study in 1923, and D. B. J ones, of the Burean
of Chemistry and Soils, three years later published a paper on the
value of oysters from the stundpoint of nutrition (62).

Even though a pound of oysters is nearly four-fifths water there
is no waste of bone, cartilage, or other inedible part, as in meat.
Oysters produced under proper sanitary conditions and not soaked
excessively during washing and subsequent handling are wholesome
and nutritious.

. BHELLS

The results of analyses of oyster shells made by the Bureau of
Chemistry are given in Table 6.

TaBLE G~—Composition of eyster shells

Constituents

Mg | Mo | Py | mi0y: we ' |oos| B

P 2d [ Food| Poad.| Pocd, | Poet \P.ct)P.cl|PotP.ct,
0,075 43 0.%0.0034!57.19 R ]

W Poetl.| P, ol
& L3 -
FLLri| 5 . L8| 0035 .. |-

83

2,
008
009

! Low above 110° C.  lgnited. 1 Lass 1o 110° O. ! Average for samples : and 2
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Nitrogen is actually reported twice, once as the element and agnin
as pert of the organic matter. Disregarding its value as iven in
Table 6, 98.72 per cent of the sample is accounted for. The other
1.98 per cent may be accounted for as sodium, oxygen, and suiphates,
iraces of which are present in the shells.

As oyster shells are composed mainly of calcium carbonate {about
97 per cent), their principal use has been as a source of lime. This
rather high grade of lime is used in agriculture as a soil improver,
#s a dryer for fertilizers, and for all other technical purposes for
which lime is ordinarily employed. The crushed shell sometimes goes
into poultry feed. Locally, the shells are sometimes used for road
building. ‘The most important use for oyster shells, however, is for
cultch, to which the oyster spat may attach itself when © setting.”

PHYSICAL AND CHEMICAL EXAMINATION OF OYSTERE

From the standpoint of regulatory control, physical and chemical
examinations of oysters are important. For instance, if the oysters
are bloated, zlmost white and bleached, with soft spongy texture and
little flavor and with the meats almost devoid of saline taste, and if,on
draining, they show much thin watery liquor, they are unquestion-
ably adulterated with excessive quantities of water. This may have
been added through soaking or floating in fresh water before or after
shueking, throngﬁ improper dreining after washing, or, less often,
through deliberate sddition of water to the cans at the time of
packing. The conclusion that such oysters are adulterated is further
confirmed if, on examination at the laboratory, the percentage of free
liguor which can be drained off is greatly in excess of 5 per cent by
weight. Further, if the solids and salt contents of the meats and
]iqum‘d are low, adulteration with excessive quantities of water is

roved.
P Thus the most important determinations in detecting watering of
oysters are the physical examination and the determination of the
quantity of free liquor, together with the determination of total solids
and salt of the meats and liquor.

In making a physical examination of oysters, size, color, texture,
flavor, and salimt{ (by taste) of the meats are noted. The quaatity
and character of the liquid present, with special note of its color, con-
sistency. and taste are recorded.

The following determinations are almost always made when con-
ducting chemical examinations of shucked oysters: Net volume
of the contents of the can, quantity of free liquor removed by drain-
ing, percentage of meat, percentage of liquor, solids content of the
meat, solids content of the liquor, chlorides in the meat, and chlorides
in the liquor. The following determinations are occasionally made:
Ash of the meat, ash of the liquor, protein, ether extract (fat),
acidity of the liquor, and heavy metals. The following determina-
tions are rarely made: Reducing sugars, glycogen, and composition
of the ash.

Net volume of can (meat and liguor) —During shipment or storage
oysters tend to pack into a solid mass and so occupy less space than
when first packed for shipment. In order to loosen the mass, so
{hat it will occupy its original volume, the oysters are poured back
and forth into the standard meusure before the final volume is noted.
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This “ flufling ™ process brings them back to approximately their
oripinal volume.

Free liguor content.—The free liquor content is of very great im-
portance ns indicating probable adulteration with water. Where
laboratory facilities are to be had, the determination is made with

reat precision, the results being reported as per cent by weight, by
the following procedure:

Empty the contents of the can (if 1 gallon or larger) into a
suitable receptacle, which will admit of thorough mixing.  Weigh ac-
curately on u torsion balance (accurate to 0.1 ounce(g into a counter-.
poised pan about 1 quart (approximately 214 pounds) of the mixed
sumple. Throw this weighed sample on to a colander (preferably flat-
bottomed) and drain for two minutes, receiving the liquor in a
counterpoised pan. Weigh the liquer and calculate its percentage by
weight. This sample can be reserved for chemical analysis,

When it is necessary to make this determination in the field, where
facilities do not always permit accurate weight determinations,
report percentages by volume of liquor drained off, using 1 gallon
of the sample. Tf u standard gallon pot with vertical sides is avail-
able, this can be done conveniently by neasuring the depth to the
material. TFrom this calculate the percentage of volume of liquor
dreined off. This gives approximate results only, '

Obtaining and preparing samples for chemical analysis—To
obtuin a representative sample, a quart (never less than a pint)
of oysters is used. The portion used for the determination Ofp free.
liquor is suitable. If the free liquor content has been found to be.
less than 5 per cent, the liquor may be remixed with the oysters and
the whole sample analyzed. If more than 5 per cent of liguor is
present, it is best tv analyze the meat and liquor separately and to.
calculate the vesults to the basis of the entire sample. .

Grind the meat in a food chopper, passing it through the mill
twice, thoroughly mixing between each grinding. Preserve the
ground sanple in a tightly closed jar on ice until the examination is
completed. Portions for analysis shonld be weighed at once. When
the liquor is to be analyzed a clear solution can be obtained by plac-
ing the liquor in a tall beaker in the refrigerator. (Owing to its
thick, viscous character, filtration is practieally impossible.) A
scum soon rises. This can be removed with a bent spatula and the
clear liquor can be poured off from heavy shell particles and other
materials which settle to the bottom. It is then ready for analysis,

Total solids—Duplicate determinations should always be made.
Weigh uccurately 10 grams of the ground sample or of the clarified
liquor inte a flat-bottom platinum or nickel dish, 3 to 314 inches
in diameter, Spread the sample evenly over the bottom of the dish,
using a little water if necessary to get an éven distribution. Fvap-
orate to dryness on a steam bath and dry at the temperature of boil-
ing water to constant weight. Avoid long heating. Oyster solids
easily char, and heating should be discontinued before this point is
reached. Express results as percentage of solids on the meat and
liquor. o

quk.—If a platinum dish has been used for the determination of
the solids, this may be used for the determination of the ash. Other-
wise, weigh out a fresh sample in either platinum or porcelain. Ash
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the material at a ‘low temperature in & muffle. . The temperaturéd
should be kept below dull redness, as part of the ash may be lost by.
volatilization at highertemperatures. - Oyster solids burn readily to
% gray ash, free from ecarbon,’if the temperature is not allowed to:
rise to & point where any- fusion which occludes carbon particles’
talces plave. Weigh the ash and report percentage by weight. '
Ghlorides—Chlories are ordinarily determined in hoth the oyster
liquoi 'and the meat after inciheration,” Direct ashing results in
loss ¢f chiorine. This may be prevented by the addition of & sib-
stance which will insure an aI]i){'aIine ash. Sodium carbonate "has
been employed, but, on account of its fusibility, if is not entirely suit--
ablé. Calcium acetate is to be preferred. _ AR

- Mix 10 grams of the sample in a platipum dish with 10 cubici
céntimeters of a 10 per eent solution b? calcium acetate and evapor-
ate the mixture to dryness. Then ash, preferably in a muffle at &
temperature not exceeding ‘dull rédness. Take up the resulting
gray:ash in water acidified with dilute nitric acid (1+4). Chlérides
aie determined sccording to the official volumetric method (7).

Protein.—Using 2 grams of -the sample, determine total organie
afid smmoniacal nitrogen according to-the Kjeldahl or Guuning
method {7). The nitrogen muliiplied by the factor 6.25 gives the.

roteirn. ' ' ' '
P Ether extract~-Dry 10 grams of the material and transfer to a
suitable continucus extractor. Extract for 12 hours with absolute
ether.” Regrind the sample, and continue the extraction for four:
hours loriger. Bvaporate the ethier, dry the ether extract, and weigh.
Report as percentage of ether extract. - o A

- Flycogen and-sugar—Iit routine examinations of oysters for regu-
latory purposes, glycogen and sugar have not gererally been: deter-
mined. itchell {62Y and Dill'{31) madé many determinations of
sigar and glycogen in shellfish. The following method, used by Dill
ofi’ clams, 1§ recommended: = . _ S

Exiract 25 grams of the ground sample with 83 per cent aleohol.:
Heat to boiling @nd decant through a folded paper.  Then reex:
tract with three portions of 100 cubic éentimeters each of 65 per cent’
alcohol, hedtinig every time. - Evaporate the combined filtrates to 4
volume of sbout 400 cubic centimeters. Then foHow the method of
the Association: of Official Agriculturgl Cheémists (7). - i

Aeidity of Yipuor.—Titrate 25 cubic centimeters of clarified liquor
with 0.1 normal alkali, using phenolphthsleiir as an indicator: " Ex+
press results as cubic centimeters of 0.1 normal alkali per 100 cubig
centiméters of liquor., o R

" Heavy metals,—Copper, lead, zinc, and arsenie are rarely deter-
mined 1m routive regilatory work, The official methods (7) for
‘deterrgining metals in fdod have been successful, 20 to 50 gramis of
ground simple béing used, and the organic matter being destroyed as:
outlined. o R )

Composition of ash.—The composition of ash is rarely determined.
THe official methods for plants (7): however, are applicable for the
determination of the ordinary constituents of the ash of oysters.

From' the regulatory standpoint, mere chemical examination of a
sample of oysters means little unless something about the locality in
which it originated is known. Tt is necessary to compare the analysis
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of the unknown sample with that of an anthentic sample from the
same locality prepared under good commercial practices., For in-
stunice, it would be useless to compare the results of an anal%sis of a
sample of oysters from the brackish water of Chesapeake Bay, the
solicls content of which, after washing, is generally between 12 and
16 per cent, with the results of an analysis of oysters from New:
England watets, where the solids content is generslly near 20 per
cent, and then attempt to draw conclusions regarding adulteration
with water, On the other hand, it a type sample is available for
analysis und comparison, it is easy to state whether or not the given.
sumple is adulterated with water.

If no knowledge of the oysters’ origin is availuble, it is best to
rely upon an objective examination by one who is familiar with oys-
ters, supported by such information as may be obtained from the.
simple determinations of free liquor content and solids and salt on
the meat, the liquor, and the entire sample. : :

Spoilage in oysters generally tales the form of souring. Even:
before there is any pronounced, odor of putrefaction there is a pro-
nounced development of lactic acid in the liquor and in the meat.
Tor this reason, if the question of spoilage is raised, it is best to deter-
mine acidity of the liquor. In the fresh oysters this is equivalent to,
only 1 or 2 cubic centimeters of 0.1 vormal alkali per 100 cubic
centimeters, but it 1‘:11[)id1y in¢reases as spoilage sets in. r

Most oysters which enter interstate commerce are transporfed in
nonreturnable friction-top cans. The gullon size is the one most
commonly used, although other sizes, both larger, and smaller, from
1 pint up to 10 gallons are ulso employed. Competition brought into
service the so-cafled “neat” can. When commercially full this can.
generally holds from 1 to 4 per cent less than its supposed capacity.
The difference in size between such cans and cans of the proper size
is not noticeable to the casual observer. To control effectively the
use of such containers and to prevent any violation of the net weight
amendment to the Federal food and drugs act, a careful determina-
tion of the net contents of the can must always be made when & ship-
ment of oysters is inspected. : .

The canning of oysters received attention from the Bureau of,
Chemistry. Cans of each size must contain a specified weight of
oyster meats, and the net weight of each package must be conspicu-
ously marked upon the label. Efforts have also been made to put an
end to the praetice of using for canning sour or decompozed oysters
{hat have become unfit for the fresh-oyster market. Slack filling and.
using decomposed oysters for canning have been largely corrected by
legal action and by educational campaigns. : _

OYSTERS AS CARRIERS OF INFECTION

Tor over a century oysters have been regarded with suspicion as
potential and sometimes actual carriers of disease-producing bacteria,
especially those that cause typhoid fever, dysentery, cholera, and:
otllzer gastroenteric disorders.

The brackish waters of bays and streams, where oysters find the:
best conditions for growth and reproduction, have often been grossly-
polluted with sewage and trade wastes from large cities and. indus-.
trial centers. At one time it was common practice to hold oysters n
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storagre pits snd floats near the shucking houses, to allow. them to
“grink * in water less saline than that in which they had growm,
in order to “ fatten ” them or give them a plump appearance, and to
store surplns stocks of shell oysters until they were needed for shuck-
ing. Many cases of typhoid fever and gastroenteritis, in both the
United States and Furope, have been attributed to the eating of
oysters thus floated or stored in pelluted water. Sometimes the
epidemiclogical evidence seemed to establish beyond doubt that the
oysters were the carriers of the infection. This conclusion was
renched in spite of the fact that in nlmost every case it was impossible
to isolate the specific organism of typhoid fever from oysters of the
same locality. In other cases the epidemiological evidence has
strongly irdicated that oysters caused the trouble. The data, how-
ever, did not prove the case sgainst the oysters beyond u rensonable
doubt. It is not within the scope of this bulletin to discuss in detail
the epidemics of typhoid fover alleged, and sometimes proved, to-have
been cuused by the consumption of raw oysters, This is fully covered
in ‘the literaturve (8, 8, 14, 17, 18, 80, 83, 25, 29, 88, 41, 89, 60, 61,
64, 66, 68, 88, 85). :

Very soon after the ‘passnge of the Federal food and drugs act in
1906 the combined efforts of Federal, State, and municipal agencies,
with nssistance from the industry, were directed toward corrvecting
insanitary conditions in the preparation of oysters for the market.
After a short period of indecision and unrest, practices in the industry
were revolutionized to the extent that oysters were no longer per--
mitted to ‘be marketed from, or to be floated in, polluted water.
Consequently, from 1916 to 1924 there were no reports of illness
from infected oysters. The outbreak of a large number of typhoid-
fever cases in Chicago, Ill., New Yorlk, N. Y., Waghington, D. C,,
and 10 other cities in the eastern part of the United States during
the winter of 192425 again focused attention upon oysters as pos-
sible carviers of disease-producing bacteria. The investigations by
Lumsden and hig associates (60), by Bundesen (22),and by Harris
{41) indicated that oysters were the carriers of the typhoid-fever
organism. Although the evidence against the oysters was purely
epidemiological, it was so conclusive that the case appeared to be
complete. The actual source of contamination could not be deter-
mined. The investigutions and conferences following the report of
this epidemic disclosed certain practices in producing and marleting
which still needed improvement. At a meeting of oystermen and
heaith officials at Washington, I, C., in 1925, resolutions to correct
these conditions (60} were adopted. |

Although typhoid fever is the disense most often discussed in
this connection. such diseases as cholera, diarrhoes, and gastroenter-
itis also may be transmitted by shellfish (19, 24). Two cases of
illness ascribed to the cating of oysters, reported by Casey (24) and
Brosch (79), are interesting in this connection. The symptoms were
entirely different from those of typhoid fever; they resembled those
of botulism, in that the central nervous system was affected and
death was due to suffocation. In each of these cases the vietim was
aware that the oysters were bad as soon as he had eaten them,
Botulism from shelifish is of very rare occurrence,
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Obviously oysters that have been grown or floated in polluted
water or that have become contariinated with filth during handling
are undesirable as articles of food, regardless of whether or not
they contain specific orgenisms of disease. The Federal food and
drugs act (97) prohibits the shipment in interstate commerce of
articles of food which are adulterated. Among other definitions of
adulteration (97, sec. 7) is the one which states that a food is
adulterated if it consists in whole or in part of a filthy, decomposed,
or putrid animal or vegetable substance. Tt has been claimed y the
Taderal officials that oysters containing excessive numbers of Bacillus
ools arve adulternted within the meaning of the food and drugs act,
and this position has been maintained through trial in court.

BACTERIOLOGICAL EXAMINATION OF OYSTERS

BTANDARD METHOD

"The collection of epidemiological evidence by European investiga-
tors, who were the first to study the relution of polluted shellfish to
disense, was soon followed by attempts either to isolate the specific
organisms of typhoid fever and cholera or to obiain bacteriological
data to substantiate the claims that oysters grown in certain Jocalities
were polluted with sewage and were therefore potential sources of
danger to health. The technie and culture media used by the early
investigeiors (21, 42, 46, 61) varied with the individual making the
exmninstion and with the investigation.

In the United States early workers on the bacteriology of the
oyster also adopted methods and media varying with the individual
and the ploblem (I6, 7, 36, 17, 75,77, 82).

Up to and even beyond the time when a standard method of bac-
teriological examination was proposed, some investigators advocated
the use of the shell liquor only, some preferred the crushed meats
alone, and others recommended that both the meats and the liquor
be used.

The diversity of methods used in different laboratories produced
confusing results that could be neither compured nor intelligently
used for any well-regulated plan of sanitary eontrol. The pressing
nead was for a standard metﬁod for the bucteriolagical examination
of shellfish sponsored and approved by some organization, such as
the American Public ITenlth Association, which slso devises and
approves standard methods for the examination of water and millk,

Renlizing this need, H. 1. Pease? then of the Lederle Laboratories
New York, N. Y., G. C. Whipple, of New York, and S. D=M. Gage, o
the Mussachusetts State Board of Health, held several conferences
during 1909. As a result of these conferences, at the 1909 meeting
of the Americen Public Health Associntion a commnittee was ap-
pointed to develop a satisfactory method for the bacteriological
examination of oysters and other ghellfish. The following year this
comtnittee suggested n method for the determination of total counts
of bacteria and the presence of Bacillus coli and what is now accepted

1 Phe Informating regerding the events {mmedintely loading to the appoletmtnt of the
Stnndnrd Methnds Conmittee nnd the early history of the nctlvities of thiz commlittee were
vory kindly supplicd by H. D, Pense, tlrector of the Dease Laborntorics, New York, wlio
wis secretarg of the original comurittes.
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a8 the standard method of scoving oysters based upon the prevalence
of Bacillus coli (3). In 1911 this committee modified somewhat the
original procedure and considered the hibernation of oysters (4).
In 1919 the procedure for the bacteriological exumination of oysters
and other shellfish now followed was approved by the American
Public Henlth Association (5). :

BACILLUS COLI

At various times in the development of the standard methods and
the application of the results ofwtained it has been suggested that
Bacillus coli scoves of 23 and 32 are indicative of pollution. As fur-
ther investigations have been conducted and more information has
been obtained regurding the significance of this score it has become
zenerally established among Federal, State, and municipal author-
ities that o B. coli score in excess of 50, in either shell or shucked
stock, indicates excessive pollution. Any conclusion regarding the
sanitary quality of the oysters based upon the bacteriologieal ex-
amination, however, shall ﬂe supported by data from a sanitary sur-
vey of the locality where the oysters were produced. Data. obfained
from a bacteriological examination can be interpreted properly only
when something of the source of the oysters and the conditions under
which they were handled is known.

BPEZCIFI0 ORGANISMA

The isolation from oysters of the organism causing typhoid fever
end the bacteria that are the specific causes of other diseases is¥im-
practieable. Attempts to isolate the typhoid bacillus and the cholera
vibrio from oysters from polluted sources have met with but little
suceess. Iein (27 R was able to isolate from oysters an organism that
culturally and serologically answered all the tests of Bacillus typhosus.
From his description of the organism there is no doubt that he
actuully obtained the typhoid-fever bacillus. Fuller (38) cites an
instance in which the isolation of B. fyphosus from oysters was
reported at o meeting of physiciansat Constantinople. Johnstone (57 )
states that on one occasion he was able to isolate from mussels an
organism which he considered to be B. fyphosus. From his de-
scription of the isolated organism there is some doubt as to its proper
identification. Finally, Stiles (83) isolated from oysters flonted at
Inwood, N, Y., an organism that was identical culturally with B.
typhosus and that was agglutinated in a 1 to 1,000 dilution by typhoid
serum. Stiles was able to isolate this organism 21 days ufter the
oysters had been removed from water. These four instances are the
only ones recorded in the literature where investigators have been
able to isolate B. typhosus from shelifish infected under natural
conditions.

Less success has been met in attempting to isolate the chiolera vibrio
from shellfish. Klein (2), among many others, made repeated at-
tempts to isolate this organism, but without success.

It is not difficult to understand why it is practically impossible to
isolate specific organisms of disease, even with the most recently im-
proved methods of isolation and culture, The numbers of typhoid
becilli being dischurged in sewage are not constant and by the time




BAGTERIOLOGY AND CHEMISTRY OF OYSTERS 17

the sewage reaches the oyster beds the dilution has become so great
that any bacilli present in the effluent have becorne widely distributed.
It is likely also that many of them have succumbed to unfavorable
environment, It is not probable that.each oyster on a bed will receive
the sume number of typhoid bacilli, so that the chance of finding the
organisms in the examination of comparatively few oysters from a
polluted bed is small. Naturally, it is not practicable in routine
work to examine bacteriologically enormous numnbers of oysters from
any one bed in an attempt to reduce this hazard of sampling. Where
aysters from u parviicular locality have been suspected as the cause
of typhoid fever the epidemiological evidence, osving to the incuba-
tion period of the disease, has been obtained two weeks or more after
the infection. This further removeg the possibility of finding the
cnusative organism in oysters from the suspected region. What is
true of B. 2yphosus in this respect is equally true of the other patho-
wenic breterin that might be present in sewage.

Because of this practical impossibility of 1solating specific organ-
isms of disense from oysters, the examination of shellfish for sanitary
quality and for potentiality as a carrier of infection has depended
upon tests for the presence of B. eofi, which is the common and con-
stant inhabitint of the intestinal tract of man and other warm-
blooded animals. This organism is constantly present in sewage and
can be easily isolated and identified in routine work by the use of
simple cultural tests as outlined in the standard methods for the
bacteriological examination of cither shellfish or water.

BTREPTOCOCCI AND ANAEROBES

Although but little significance is now attached to the presence in
oysters of streplococct and sporulating anaerobic bacteria, numerous
attempts have been made in the ]Saast. to correlate their presence in
shellfish with sewage pollution. Streptococci are not readily grown
on the culture medin used in routine bacteriological work, The
presence of these organisms in Inrge muubers may be indicative of
pollution, but the difficulty of determining the significant types of
streptococei and the numbers present have led bacteriologists to
abandon them ss reliable indices of sewage contwmination. -

When many samples of oysters are examined by the standard
method it frequently happens that lurge quantities of gas are pro-
duced in lactose broth and give presumptive tests for Bacillus coli
which can not be confirmed by streaking on Endo medinm. The
orgenisms producing this gas will not grow on the surface of solid
media and, no doubt, belong to the large group of anazerobic bacteria,
such as B. welchii and B. gporogenes, which huve been frequently
isolated from water and soil. Most of these organisms are spore
formers and are resistant te the unfaverable conditions that the
encounter in nature. Their presence in shellfish lacks the signifi-
cance attuched to the presence of B. coli. It has not been proved
that they nre of intestinal origin only. Furtherniore, in the dormant
spore stage these orgunisms may exist for long periods in water with
their vitality unimpstired, and thus be obtained from shellfish grow-
ing on areas so remote from the source of pollution that all danger
from nonsporulating forms like B. typhosus is removed. In his

78055°—28 2
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mvestigation of the Potomac River, Cumming (50) found that the
numbers of spores of these lactose-fermenting anaerobes were remark-
ably constant in the river water. The spores were often found in
the best river water in 10 cubie centimeters. Their number does not
indicate the degree of pollutiorn, as does the number of B. eofi, These
spores are also often resistant to treatment with bypochlorite. Even
waters so treated will contain viable spores. Several investigators
have shown that these mnaerobes are comwonly found in sources
remote from pollution with intestinal contents. Although it is
true that they oceur and multiply in the intestines of warm-blooded
animals, their presence in sbellfish can not be accepted as u reliable
index of sewage pollution. If the examiner depends entirely upon
the presumptive test for B. coli (gas production in lactose broth) he
is likely to be in error, owing to the presence of these lactose-fer-
menting anacrobes. However, false presumptive tests are readily
excluded from consideration by the failure of the anaerobes to grow
aerobically on Endo plates.

POLLUTION OF OYSTER BEDS

BACTERIAL FLORA OF UNPOLLUTED OYSTERSY

LY

In order to detect the presence of sewage and filth in oysters by
baeteriological methods it is first necessary to know the bacterial
flora of the normul;, unpolluted oyster. The presence of Bacillus
coli can not be used us an index of pollution until it has been defi-
nitely shown that oysters do not contain B. coli when taken from
clean and unpolluted water.

Many investigators have reported that their results show con-
vincingly that Bacillus ¢oli is not an inhabitant of normal, unpolluted
oysters (271, 87, 35, 36, 43, 46)}. In the course of routine work con-
ducted in the Bureau of Chemistry a very large number of samples
of oysters were examined by the standavd method to determine the
presence of B. coli. In many oysters obtained from sources free
from pollution no B. coli or other lactose-fermenting bacteria were
isolated. Investigations have established the fact that the normal,
unpolluted oyster does not contain B. coli. The standard methods
for the bacteriological examination of shellfish were devised with
this fact in mind. Hunter and Linden (49) identified the organisms
isolated from decomposing oysters and confirmed the findings of
previous investigators (34, 36, 79, 7106) that the bacterial flora of the
oyster was composed of common water and soil organisms, including
cocei, nonspore-forming, Gram-negative aerobic bacilli, spore-form-
ing, Gram-positive aerobic and anaerobic bacilli, lactobacilli, strep-
tococel, and yeasts,

BACTERIAL FLORA OF POLLUTED OYSTERS

Opysters from polluted sources contain, in addition to the bacteria
mentioned, organisms that are indicative of sewage pollution. C. A.
Fuller found in polluted oysters Bacillus coli, B. cloacae, B. welchii,
and B. aerogenes, none of whiclh was found in oysters from un-
polluted sources, There is still some doubt regarding the value
of B. cloacae, B. welchii, B. acrogenecs, snd other such organ-
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isms as indices of sewage pollution, as their origin has not been
satisfactorily determined. 113 is frequently stated that these bacteria
are conunonly obtained from the soil and from otlier sources not gen-
eraily considered ns polluted. On the other hand, these organisms
ocenr also in the intestines of warm-blooded animals and therefore
arouse suspicion when found in oysters and water. :

In establishing a bacteriological standard for drinking water to be
nged on comipon carriers in interstate traflic, the advisory committee.
appointed by the Surgeon General of the United States Public Health
Service determined in what numbers organisms of the Bacillus coli
sroup might be present before the water was considered unfit for use
(99). TFor the purposes of {he standard established the B. coli
sroup was defined as in the standard method for water analysis issued
by the American Public Health Associnlion in 1923 (6, p. 700) “as
inchuding ull nonspore-forming baciddi which ferment lactose with gas
formation und prow adrobically on standard solid media.” This
definition of the B. coli group, which does not differentiate between
the varions forms or types of that group, would include such
organisins as B, aerogenes and B. c¢loacwe. Whether such a ruling
can be applied safely to shellfish is an open question, but the
presence of these organisms in excessive numbers in oysters should
call for a caveful survey of the territory surrounding the oyster beds,
wilh o view to determining their possible source and, therefore, their
significance in judging the sanitary quality of the oysters.

VYIABILITY OF BACILLUS TYPHOSUS AND B. COLI IN OYSTERES AND WATER

In attempting to use the presence of Basillus coli in oysters as an

index of recent pollution, with consequent danger to the public
health, it is necessary to know something of the longevity or viability
of this organism in oysters and in sea water. If B. coli can sur-
vive for only short periods under the conditions met outside the
bodics of warm-blooded animals, the use of its presence as an indi-
cator of pollution is greatly restricted. Under such conditions water
and oysters might be grossly polluted with sewage and yet not show
positive tests for the presence of B. coli. On the other hand, if
B. coli will multiply or survive in natural wafers or oysters for
extremely long periods of time, it is possible that their presence can
be detected long after all danger tI;'om the pollution has ceased.
B. coli surviving for long periods in sea water might reach
oysters on beds remote from the source of the pollution. Further-
more, in order to know whether or not the presence of B. coli
in oysters or water remote from the source of pollution indicates that
the shellfish is still potentially dungerous to heslth some information
must be had regarding the longevity of . typhosus in oysters as
compared with the longevity of the colon bacillus. The collection of
such informatien has called for investigations to determine the length
of time B. fyphosus and B. coli can survive in sea water and in
oysters floated in infected water. . .
Another phase of this problem of ecﬂ al importance is the longevity
or viability of Bacillus typhosus und B. ¢oli in shell and shucked
oysters removed from the water and stored at various temperatures.
It is extremely important to know whether oysters naturally in-.
fected with B. fyphosus on the oyster beds offer such an unsuitable
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habitas for this organism that it can not multiply but quickly.
perishes, thus making the infected -oysters safe for consumption soon
after their removal from the polluted grounds. In studying epi-
demice of typhoid fever alleged to be due to oysters it is helpful to
kriow' whether or not B. typlosus can survive in stored shellfish long
enough to cause the illness,

" With fespect to the longevity of Becillus colé in stored oysters, the
use of its presence as the criterion of judgment upon which the pres-
enti standard method of bacteriological examination is based will fail
entirely if the colon bacilli either multiply rapidiy or perish in a
short time within the oyster. If oysters having a B. coli score of
less than 50 shortly after removal from the water develop a score of
500 or more during storage in the shell at low temperatures or dur-
ing shipment from the Atlantic coast to the Middle West, then the
bacteriological examination at destination according to the standard
method loses its value. Such oysters should not be held as grossly
polluted if such conditions are true. ' T
- In view of these considerations inuch experimental work has been
done by bidctericlogists interested in the pollution of shellfish to
determine the longevity of Bacillus typhosus and B. coli in oysters
and sen water, In fact, investigations along this line were among
the “first studies made ‘on the bacteriology of the oyster. In 1889,
de Giaxn published the results of his investigations of the viability
of B. typhorus in sea water (39). A paper by Krumwiede, Park,
angd others on the longevity of this organism in oysters appeared
during 1926 (58). 'The results of the outstanding investigations of
t;h_is_probler_n are summarized in Table 7.

TABLB T.—Rummary of investigations reported in the Hteralure on the viability
-of Rocillus 1yphosus and Bacillux eoli in opsters end waler '

. Viability al Hacilles typloses | Yiabllity of Hecii
in— 1y eoli ln—

Investigato-: Doty u ;
nsleri-

Oystors | liwed St".ﬂ:imd

=4 water waker

Wnter [ Oystor:

Days
da CHsxn 39 - 1B [
ein &srg ______ 1BH
aote (44)..... U T
wod (106) LK
Houston (46) ... 100
Flold {15y, _.___ 1183
L 1M
Jordan (55} 1H
Russall (5. 11K}
Clatk {#7). 1005
Btlles (83).. .. 1912 it .-

-1 Italio munbers in parénthesis rafer to ** Literature cited,” p. 70
t Oysters Nostod o tanks of infected water
r)ysterastorcd fn tha ghell. .
..t Very cold water used. 1n waringr water there was a gradual decrease nfter ono woek. 5. lyphosus wa.
not detected after three weeks,
+ Bhall oysters stored ina "dry " condltion.
1 Bhoit gysters hold in cold water,
+ 1 B, typhosus held In Chicago River woler, which was realiy dilute aowasge.
;7 1A, typhosus held in colloidin sacks suspended in Lake Michigen wator,
* B. typhaeus hold in eolloidin sacks In the Chicmi:o Drainnge Canal.
(B, fpphosur held o eelicidiz sacks in the Ilinels Hiver.
4 Bhell ¢ysters hold out of water, -Oysters wore depd ot end of 17 daya,
u 8pell oymters held at 39° F. )

[
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TABLE T.-~Sumsnery of investigaiions reported in the Hierature on the ‘viability
, 6f Bucillus typhosus and Bacillus coll in oysters end weter—Continued - .|
. ]

Viability of Bacillus fyphosus |Viability of Bacithis
in— coli ip—., |
Invuat!gator Dato o : B
nstarl- :
Oysters | lizad St&g“uffd ‘Water | -O¥sterd
wakor ciet
Daya Days ' Doy Dap D,‘n.w' )
Round (75). CTE I P : : 180 1hg
: "4 i o
[EF] N
Tonnoy nnd White (88} .. . 1525 'ﬂi;i.’é
m6p i !
Jordan (5% 1024 w3y .
Kiuyoun {#£) 1925 Eo N L3 T S
Krumwivdeand Park (68 1428 :: gi]! ........ e pam———
#1440

13 Aholl oystors gtored at 167 O, (3L7° F.)

4 Shucked oystors stored at 98° F.

» Bhuekod oysters stored at 70° B, .

# Bhucked oysters stored ot 45° F, e

11 Bhell oyuters alored nt 70° F. !
# Elell pystors storcdl pt 45° I, ,

" Bhell pysters stored at §5° C. to 8° C. {41° F, to 464" F) .
= Bhall oystors stered on fco nt 2.8 0. t0 144° C. @7° F, to 57.0° F.)

1 Bhell pyslers at refrigorator temperature,  Oystera dead by lorty-fest day.

4-8hell oysters in water cold enough to inhibit drinklng.

a Drganisms on outslide of shall.  Hurvival varied with exteot of contaminatlen.

Klein found that the cholers vibrio could be recovered from: oys-
ters on the ninth day and from sea water on the fourteenth day
after infection. Stiles (87) stated that Bacillus typhosus will survive
in the soil for ot least 106 days. Vasquez-Colet (100) found that B,
typhosus might survive on fruits and other foods eaten raw from a
few minutes to three days after infection. )

It seems to be well established that Bacillus typhosus will exist
longer in sterilized sea water than in nnsterilized water. This is due
to the antagonism for the typhoid bacillus exerted by the other soil
and water organisms present in unsterilized sea avater. It is alsg
necepted that B. typhosws will live longer in clean water than in
wuater containing a large proportion of organic matter. This is
illustrated by the work of Jordar, Russell, and Zeit (54), who found
that B. typhosus perished quickly in the dilute sewage of the Chicago
Drainage Canal but survived in the water of Lake Michigan. : In
view of the influence of such fuctors as the presence.of antagonistic
bacteris, the presence of organic matter, temperature, salinity, varia-
tion in resistance of individual strains of B. typhosus, and the num-
ber of bacilli used for the original infection, it is not surprising that
each investigation gives s different result. In fact, it is impossible
to draw a general conclusion regarding the viability of these intestinal
organisms in water or oysters from any one set of experiments, The
preponderance of the data indicates that B. fyphosus will survive
1n water long enough to contaminate oysters bathed in the sewage-
polluted water. C

Furthermore, Bacillus typhosus will remain viable within the bodies
or shell liquor of oysters long enough to cause illness when the.oysters
are eaten within the usual period elapsing between the time of re-
moval from the infected water and the time of consuraption. Many
of the factors considered in the discussion on the viability of the
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organism in water are significant in considering oysters. The tem-
perature of storuge, the orginal degree of infection, the condition of
the oysters, and the presence of antagonistic bacteria are i wmportant.
Many of the results in Tuble 7 are inconclusive in that the typhoid
bacillus was isolated up to and on a certain date, when the experi-
ments were terminaied and no further ¢ffort was made to repeat them
by prolonging the storuge period. Therefore, many of the results
should actually be stuted as “at least ” so many days or hours. In
storage experiments most investigators found that during the first 24
hours there wus a rapid decrease in the number of typhoid bacilli,
after which the decrease became gradual, with a persistent survival
of a few organisms.

The experiments reported give no reason to believe that Bacillus
coli is any less resistant in water and oysters than 2. typhosus.
Round (75} stated that B. cold will remain viable in water for at
least 180 duys and that his investigutions showed no multiplication
of B. colé in oysters in cold storuge ut 34.7° F. Furthermore, it was
present in nearly the originil quantity after 100 days. Houston
46} found that B. coli persisted for more than 7 days, and Clark
27) stated that he recovered 2. colé from oysters stored for 17 days,
which was as long as the oysters lived under the conditions obta ining.
Parsons (personal communicetion) states that &. colé will not develop
in ghell oysters during shipment in such a way as to affect the bac-
terial score. Experiments conducted by the Burean of Chemistry
showed that when shucked oysters are stored at temperatures below
50° F. no multiFlication of B. coli or other lactose-fermenting
bacteria occurs.  Trom this observation it would seem that if oysters
are stored or shipped at temperatures below 50° ¥ as they should be,
the B. coli score at the end of a period of time sufficient for their
transportation to market will not be greater than that originally
determined at the source. However, investigations reported by
Tonney and White {87) showed that 2. coli did increase in shucked
oysters stored at 41° to 46° F. For this reason they recommend u
score somewhat higher than 50 for oysters marketed in the Middle
West. Their observations are in marked contrast to those made b
the Bureau of Chemistry. The optinum temperature for the devel-
opment of B. eoli is very much above 41° or 46° F. In oysters
stored at these temperatures organisms which find best conditions for
growth at temperatures below the optimum for . coli will mult-i]f{ly
and produce c{mng‘es, muking the oysters undesirable for the market
before there is sufficient change in the B. co¥i score to condeémn themn
as unfit for food.

Several conclusions can be drawn from the information at hand
regarding the viability of Bacillus typhosus and B. coli in oysters
and water. Regardless of the actual period of viability, which can
not be determined for all conditions, the typhoid bacillus can survive
in sea water long cnough to infect oysters on the growing grounds
and can then remain viable within the oyster long enough to cause
illness. The presence of B, cofi is a reliable index of pollution, as it
also will survive in water for some time, thus contaminating growing
oysters, and will remain viable for some time within the oyster if
kept under proper conditions.
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EFFECT OF COOKING ON BACTERIAL CONTENT OF OYSTERS

Comparatively little has been reported on the effect Produced upon
the bacterinl content of oysters by cooking. Clark’s experiments
(27) demonstrated that the ordinary yreparation of oysters for stew
und pan roast does not always kill all the B. coli and streptococel
present. In his experinents oysters were infected with B. coli and
streptococci by flonting in sea water to which sewage had been added.
The oysters, which contained Z. coli and streptococci in large num-
Ders, were then stewed, fried, and escalloped. In certain experi-
ments the oysters were added to millc cold and brought to the boiling

oint. Al R. eoli and streptococei were kilied by the time the milk

oiled. When oysters were added to boiling milk it was necessary
to continue the boiling for at least five minutes before all the bac-
teria were killed. B. coli and streptococci were usually killed when
the oysters were fried for two minutes, but they sometimes resisted
frying for eight minutes. The escalloped oysters were always sterile
after they hnd been cooked for from 15 to 30 minttes at oven
temperature, _

The Report of the Boston City Health Department for 1906 (74)
stutes thut when prepared and served as stews and pan roasts at
hotels and restaurants oysters are not usually sterile. The additional
heut developed between the time of cooking and serving may help
to sterilize the oyster. Repardless of the effect of cooking upon the
bacteria, it can not be considered a desirable practice to eat oysters
from sources known to be polluted.

The effect on bacterial content produced by heating oysters at
temperatures between 122° and 158° F. was studied in the Bureau
of Chemistry. These experiments were not planned to demonstrate
the eflect of cooking oysters as practiced in the kitchen, but to deter-
mine whether or not it would be feasible to attempt to Pasteurize
shucked oysters as milk is Pasteurized. Tt was soon evident that
heating oysters nt 122° 1. destroyed their value for sale as anything
but a cooked ayster. The conclusion is, as would be expected, that
Pusteurization of shucked oysters by heat is entirely impracticable
if the product is to be marketed raw.

'T'his experiment demonstrated also that even a temperature of
158° F. upplied for 20 minutes to oysters in brine will not destroy
all such organisms as the staphylococci and Bacillus aerogenes. At
122° F. there is no appreciable effect upon the nature of the bacterial
florn. If such organisms as B. cloacae and B. aerogenes survive there
is little hope that the treatment would be effective in destroying
B. typhosus or other disease-producing bacteria.

Trom the information at hand it is apparent that no reliance can
he placed upon the ordinary cooking processes to sterilize oysters and
render those which might possibly contain pathogenic bacteria safe
for consumption.

RESTRICTED OYSTER-PRODUCING AREAS

In order to determine the fitness or unfitness of any particuiar
aren for shellfish production it is necessary to make a sanitary survey
of this area and of the swrounding country from which drainnge
and poliution may reach the beds. For the purpose of ascertaining
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whether or not oysters on these beds are polluted it is usually suffi-
clent to examine the bivalves and the water in which they are grown
for the presence of Bacillus coli and to mmake an inspection of the
sewer outfalls and the surface pollution in the terrain immediately
surrounding the area under examination. The expression “sanita
survey ” in its broad sense, however, means something more than the
Inere examination of oysters and water for the Dresence of intestingl
bacteria. If a general survey is to be made of 4 large body of water,
such as a large river or bay of the Atlsutic coast inte which the
drainage of u great many cities, towns, and smaller communities
is received, it is necessary fo include studies of the methods of sewnge
disposal in these communities, their water supply, their industrial
wastes that may reach the river or bay, the prevalence of typhoid
fever there, the population of the towns contributing sewage to the
river or bay, and the size of the area draining into the body of water
under examination., The laboratory tests made in such gz survey in-
clude bacteriological examination of water, sewage, and shellﬁ'sg for
tutal numbers of bacteria and for the bresence of B, coli and other
intestinal bucteria. Chemical exaninations of the water are also
made to determine the oxygen demand of the sewage and the presence
of nitrates, nitrites, and emmonin. The field survey and the Izhors-
tory work are supplemented by plankton studies to ascertain the num-
bers and kinds o% protozoa and protophyta present and by hydre-
graphic studies to show the extent to which tides affect and currents
carry sewage to the oyster beds, as well as to learn the dilution of
the river or bay water by fresh-water streams or by salt water from
the bay or ocean,

In connection with its regulatory work on oysters from the sani-
tary standpoint, the Bureau of Cl iemistry frequently surveyed oyster-
growing areas. For the purpose of gaining the information needed
to recommend that certain locations be restricted for use as oyster-
producing areas, it was usually sufficient to examine the shellfish
and water for the presence of B. coli and to locate and study the
immediate sources of pollution from sewers and privies, A great
number of such surveys were conducted by the Bureau of Chemistry,
and the results were applied in determining which areas should be
restricted. The United States Public Health Service has also con-
ducted such surveys, one of the most complete of the reports on the
sanitary surveys of rivers and bays being that on the Potomae
watershed by H. 8. Cumming and his associates (30). )

The pollution of rivers, bays, and harbors along the Atlantic coast
with sewage and trade wastes has caused the abandonment of vast
areas formerly used for shellfish production. Such excellent propa-
geting and growing grounds as certain sections of Narragansett Bay,
in Rhode Island, New Haven Harbor, Bridgeport Harbor, and South
Norwalk Harbor, in Connecticut, and Jamaica Bay, in New York,
have been made unfit for shellfish production by the sewuage potred
into them daily from the large cities and towns near by. TFor some
years this destruction of oyster-growing areas proceeded at such a
pace that the situation became very serious. In Rhode Island alone
the acreage rented for shellfish growing decreased from 21,236 acres
in 1912 to 9,250 scres in 1918. This decrease, 11,986 acres, resulted
io a loss of revenue to that State of $70375 a year. This shellfish
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ground was abandoned partly for the resson that no *set ” of oysters
could be obtained on it and partly because it was so polluted that
it, was no longer safe as & growing ground. The failure to obtsin
a “ set” was, in turn, held to be due to pollution with oil and other
trade wastes, although this was not definitely proved.

What happened in Rhode Islund happened also in other States
along the sesboard. If oysters were not to become rare or extinct;
especially in the North Atlantic States, it wnrs necessary to take
steps to improve conditions or to find some way of proceeding under
the existing conditions, This stimulated research in the puritication
of oysters %y floating in clean water (p. 30} and by chemical treat-
meént {p. 33) and alco in artificia} hatching under controlled condi-
tions. Although the results of these researches have been fairly satis-
factory, much valuable oyster-growing ground has been lost, never
to b recovered. Through the efforts of river-pollution boards and
commissions organized in the various States much was done to im-
prove conditions, but the list of areas still restricted for use as-
ayster-producing ground is long, There is yet room for much im-
provement in the sanitary condifion of the bays and streams adjacent
to cities and towns along the const. . _

Realizing the possible danger to health and the undesirability
in any event of marketing oysters from areas subject to contamina-
tion with sewuge, certain polluted creeks, rivers, harbors, and bays, or
portions of them have been designated by various State agencles as
restricted areas for the production of shellfish. The areas restricted
in each State have been decided upon as 2 result of sanitary surveys
conducted by State officials in cooperation with the Public Health
Service and the Bureau of Chemistry.

Owing to the fact that from yesr to year areas mey be changed
from restricted to nonrestricted areas, or vice versa, it 1s not feasible
to present here a list of those now restricted. Areas which are now
restricted may becomne nonrestricted upon the installation of properly
operated sewage-treatment plants or upon improvements in the
methods of handling sewage in nesr-by towns and cities. On the
other hand, aress which are at present nonrestricted may become
restricted 1f sewage-treatinent plants, properly operated now, fail to
maintain the necessary degree of efficiency or if an increase in popu-
lation in the adjacent regions contributes additional sewage to the
areas used for oyster production. It becomes necessary for State
agencies, assisted by Federal officials, to make frequent surveys and,
as d result of these surveys, fo confirm the list of restricted sreas or
to alter it as the findings may justify.

In some States the removal of oysters for food purposes from
certain restricted areas is absolutely forbidden. In others oysters
miy be taken from polluted areas to be transplanted into clean water
where they must remain for a definite period to cleanse themselves
by removing all traces of pollution. In many States it is permissible
to use polluted areas for the production of seed oysters only. In
at Jeast one State certain areas are restricted for the production of
shellfish threoughout the entire year, while other areas, which are
less seriously poliuted, are restricted only during the season when
the oysters are actively feeding. This ruling takes into consideration
the phenomenon of hibernation (p. 26). Although no definite rules
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governing restricted areas apply in every State, most oyster-produc-
ing States have adopted measures to prevent the marketing of shell-
fish from polluted regions. :

Information on the areas restricted in any particular State may be
obtained from the State board of health, the State conservation com-
mission, the State fish and game commission, or whatever State
agency muy have the work in charge.

HIBERNATION OF OYSTERS

When low winter temperatures prevail in the water surrounding
the beds on which they sre grown oysters enter a state of hiberns-
tion. While in this condition their physiological processes are greatly
retarded und, owing to a cessation of feeding, no bacteria are taken -
into their bodies. According to various investigators, the bacteria
already within the body of the oyster when hibernation begins are
rapidly digested and destroyed. Bacteriologists engagmed in the
routine examination of large numbers of sunples throughout the
year have noticed a seasonal variation in the bacterial content of
oysters frem the some beds. DBacteriological examination of the
water over the growing aress showed that the number of Buciilus
coli viable during the winter was the same as that during the sum-
mer, yet the Bacillus coli score of the oysters was very much smaller
during the cold winter months than during the warm summer
months. Gorham (40), in 1910 and 1912, snd Pease (69), in 1911,
accounted for this condition by a theory that oysters hibernated when
the temperature of the surrounding water fell below a certain critical
temperature,

According to Pursons (unpublished report), hibernation of oysters
is not exac?ly the same as hibernation of nonmigratory terrestrial
animals, in that hibernation of the oyster is brought about solely by
low temperature, whereas hibernation of the higher animals is a nat-
ural function taking place at certain seasons, even though the temper-
ature may remain rather high. Hibernation is a means whereby certain
nonmigratory animals may survive through periods when their food
supply fails and when, if normally active, they might otherwise starve.
Regardless of the food supply, however, the oyster closes its shell
tight and enters a period of rest or physiclogical inactivity when the
temperature of the water falls below the critical point {45° F., ac-
cording to Parsons). If a period of warm weather ensues after
hibernation has begun, the oyster may be stimulated to feed again,
ceasing when the temperature next falls.

Recent observations, however, have led to the conclusion that not
all the oysters in an area will immediately enter into a state of hiber-
nation or will remain in hibernation when the temperature falls
below 45° F. Usually some on the bed will continue to feed, even at
low temperatures. This has cast doubt upon the conclusion that
hibernation is a natural function of the oyster and can be relied upon
in adopting sanitary control measures,

During the warm season, while actively feeding, the oyster keeps
its shell open as long as it is undisturbed. Opening and closing tllaje
shell are controlled %y the strong adductor muscle attached to each
valve or shell. Relaxation of this muscle in warm weather allows
the shell to remain open in order that currents of water bearing
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food muy enter befween the valves. During the active feeding period
the minute organisms in the water, such as dintoms and algae, which
constitute the natural food, as well as the organic matter and bacteria
present as a result of pollution, are carried into the gills of the oyster,
where some of this material 1s retained in the mucus covering the
body. Cilin on the gills propel the materizl entungled in the mucus
to the mouth of the oyster. ‘The rapidity with which the cilia func-
tion is, to a areat extent, controlled by temperature. Cold weather
vetnrds their motion so that during fhe hibernating season practi-
cally no food is earried in. That brings about the condition of
hibernation.

Tt cun not be claimed, however, that the shells of oysters remain
tightly closed during the whole period that the femperature of the
water is below 45° . To sutisty their demand for oxygen, even in
this physiologically inactive condition, the oysters must occasionally
open their shells.  When this occurs some food passes into the eavily,
but investization has demonstrated that the quantity is very small.

Albert Mann, of the Burean of Plunt Industry, United States
Department of Agriculture, found that the stomach contents of
hibernating oysters ave practically destitute of diatoms. He con.-
cluded that either the oysters were physiologicaily inactive or
the supply of dintomaceous food was very low. Parsons further
Jemonstrated, by the use of dyes in the surrounding water, that
oysters only occasionally open their shells during hibernation for the
purpose of cbtaining a supply of oxygen.

It is in order now to return to the rather startling results of the
bacteviologicn] exnminations of oysters which first focused attention
apon this so-called hibernation. Tn the investipation reported by
Gorhum in 1912 {40) two oyster beds in the Providence River, R. 1.,
and two beds in the Warren River, R. L., were studied. On one bed
from the Providence River oysters collected in February, when the
temperalure of the water was 33.8° I, scored 0, and those collected
in May, when the temperature was 59° ¥., scored 500. At the time
of both examinations Bacillue coli was present in 0.0001 cubie centi-
meter of the water. Opysters collecied on a bed in the Warren River
in Februariy, when the temperature of the water was 32° ¥, scored 0,
although the water over this bed contained B. eofi in 1-cubic-centi-
meter quantities; and those collected in late April, when the water
temperature was 52.7° F., scored 500, B. coli being found in dilutions
of 1 to 100 of the water. :

In 1916 Parsons and Farrar (uppublished report) found that
oysters collected during November and December from grossly pol-
luted areas in Jamaica Bay, Raritan Bay, and New Haven Harbor
scored Lelow 50, although such oysters examined during the non-
hibernating period scored 500 or more. Owing to their proximity to
the sewer, sorae of the oysters with low scores were covered with a
deposit of filthy, foul-smelling mud. Obviously such oysters could
not be marketed, regardless of the low scores.

In order to deterinine whether hibernating oysters would become

oltuted when {loated in sewage-contaminated water, Parsons placed
Eibernating ovsters from Raritan Bay, seoring 1, in Lupatcong (Elreek,
which was polluted from the sewage disposal plant at Keyport, N.J.
These oysters remained for six days in water at 32° to 34° ¥., con-
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taining B. eok in 0.1.cubic centimeter, and sometimes 0.01 enbic centi-
nieter, quantities, without an increase in score. .
In order o show the contrast between the score of hibernatin
and that of nenhibernating oysters, Parsons prepared a summary of
the results of his examinations of oysters from various beds-conducted
throughout the year. (Table 8.) ~The contrast between winter and
summer scores would be greater had not » large number of the sam-
ples.been collected at the beginning and end of hibernation,

TasrLe 8.—Effect of Ribernation on Racillus coli score

Score | Suore
Npmber | wip | Number| g
‘Hed water weator

es ox- plos ox-
nmined ‘ifi:‘férm amined ;'52"?

Inmnics Ty, N Y. . a2 250

— 84 ]
Harlban Ty, N.Y ____ . . T it iR 10- 260
New Haven Harbar, Conn. | 3 3 i 350
Humgpton Bur, Va.! . H 1 12 . 140

' Restrictod hud,

The lowest and highest scores found in oysters from certain loca-
tiong, with the date and the temperature of the water at the time the
samples were collected, are given in Table 9. These results show
that the low scores of winter are not due to any diminution of ;ithe
number of colon bacilli in the water over the beds, the variation in
the B. coli count of the water being only that due to tides, currents,
wind, and unusual pollntion from land sources as a result of heavy
rains. . Lo

Tanie 9.—Seasonal varigtion in Bacillus coli scores of olfsters from palluted

areas?
Minimum score Mazimum seore
Aren [ Tampar- Temper- :
ature of ature.of | .
: : Drato wheo Date when
Boore water Beord water
v whep [ . found whan found
. found - found
Jmnaten Day, M. Y.: °F, °F, '
‘Bl Channels ... _____ 2 44 Mar, 31,1014 £00 72 [ July 14 1016
Islang Chunpel . __ 4 32 | Jan. 21,1014 500 72 | May 14,1916
Fishkill Channel.. 1 .5 | Jan, 5, 1015 500 72 Do,

Pumpkin: Patch 1] 2 I - do. ......] 5kt 67 | Sept. 141014
Ruoflle Bar__._____ 1 BLE |aeee [1 [ T 500 72 May 14, 115
**Dasch Ohanoal_ -2 A6 Tan. 23,1914 50D k(1] Hept, " 8, 1914
. BliverHolp.. ... 1 44 Apr. 15,1914 500 o %e[pt.'.% K5
Gross Hessoek . . 0 30 | Jan. 23,1014 410 €2 ay 18,1914
. Broad Channal. . 2 42 Nov. 20,104 140 (1] Sapt. .6, 1014
. Irlsh Channel... 5 A1 & [ dan. 5, 1015 320 '] ay 25,1014
Horsa Channel . ___.__ 5 325 ) Jan. 26,1514 140 045 ) June 1,104

0ld 3wale Channel.. 3 3 Mar, 17,1014 140 [ Do, |
Raritan Boy, N. Y.: B
LcBedwsnl 5 38 Jon. 28,1015 500 (] July 15,1916
3 43 Nov. 17,1014 410 i) Aug. 19,1914

0 8 Jan. I3, 1016 230 T “Da. -
4 34 Jan. 18,1915 3G 68 Juna 24,1014
1] 38 Jom. 28, 1015 410 75H July 15,1015
4 A% Dic. 27, 1014 410 74 Aug, 10,1014
3 B ] Jan. 28,1615 320 0 Da.

2 4 Nov. o7, 1518 a0l . 62 Nov. & 1016
4] 2 Feb, 12,1017 410 53 Nov, 15104

! Compiled {rom unpubtistied report of P, B. Porsona, 1017,
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From the information at hand it is evident that low temperatures
of the sen water surrounding the oyster beds bring about a resting
or dormant condition in the oyster. This cessation of feeding, in
turn, produces n condition within the oyster approaching sterility,
the bacterial content being reduced to almost zero, L

Opysters on beds in the waters of New York, Connecticut, ‘Rhode
Island, and Massachusetts usually go into hibernation during the
latter part of November and remain until late in April. The oysters
in lower New Jersey hibernate s little later and resume normal
nctivity a little earliev in the spring. The oysters in Maryland and
Virginia may not go into hibernation until a month later and the
period of hibernation is often comparatively short. '

The fact that during hibernation the bacterial content of oysters
and the possible menace to henlth from the consumption of shellfish
are reduced to a minimum has been applied by some States to regula-
tions for sanitary control, Certain aress on the border line betwebn
a grossly polluted and a clean condition are utilized for oyster pro-
duction between December and March, when the temperature ,ofptlm
water rematins below 45° F. _ '

It must not be assumed that beeause hibernating oysters are bac-
teriologically clean within the shell the same is true of the outside
of the shell. Deposits of mud and filth collect on ‘the shells of
oysters growing near sources of pollution. Upon shucking, this
mud and Alth find their way into the shucked product to constitute
a real menace to health. The number of intestinal bacteria in -the
water is no smaller during the cold weather than during the warmer
seasons, and the outside of the shell may be grossly contaminated
with bacteria that menace the health and with other material that
offends the sense of decency, even when the oyster within the shell
is clean, -~

Although some States permit the use of oysters, during hibernation,
from slightly polluted grounds, other States, in spite of the well-
established fact of hibérnation, do not allow oysters to be taken for
sale from areas during the winter unless they are fit for use during
the warmer sensons. Recognizing the fact that the water over the
beds is no clenner in the winter than in the summer and that the
mud and filth on the shells will contaminate the oysters during
shucking, the State of New York condemns for oyster production -
throughout ths yenr all aveas that are unfit during the nonhibernating
seasons. T

Data on hibernation prove that oysters, at least those in northérn
waters, enter into a state of physiological inactivity when the tem-
. perature falls to 40° to 45° F. During this period of inactivity
{he bacterial content of the oyster is reduced to a minimum. Whether
this phenomenon shoild be taken advantage of in any system of
sanitury control is a question which has not been satisfactorily agreed
upon by all State and Federal agencies. Even admitting ‘the facts
regarding hibernation as here set forth, it is probably safer and
wiser to prohibit the use of oysters from areas at any time of the
year unless those areas are fit for production during all times of the
year.
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PURIFICATION OF OYSTERS

TRANSPLANTING

When transplanted to clean water, free from contamination with
sewage, actively feeding oysters that have becoms poliuted on the
srowing areas cleanse themselves within a reasonubty short period.
The Jength of time depends primarily on the purity of the water.
While the oysters nre feeding actively the gills act as a filter to
strain out some of the material that may be brought in by the 7 or
8 gallons of sen water which pass through each oyster daily. If this
sea water contains sewage with large numbers og intestinal bacteriu,
some of the microorganisms nre entrapped in the mucus on the body
of the oyster and are then transferred to the alimentary tract by
the currents of water set in motion through the action of the ¢ilin
on the gills. When oysters thus polluted are floated in clean seq
water contuining no rnfestingl bucterin, or very few, the miero-
organisms al rea(T}' present are elininated and no more are ingested.
In this way the oyster purifies itself in remarkably short time,

The rapidity of this cleansing process under varying conditions
has been investignted by many bacteriologists. For several reasons
t is important to know the minimum time in which a proper ¢leans-
ing can be effected after transpluntation. Injury may rvesult to
aysters held teo long under unnatural conditions. 1f the o sters are
flonted in water of lower density than that in which they wern
grown, bloating will take place, Tf prolonged, this results in their
death. The undesirability of using for flouting purposes, over longr
reriods, areas that may be needed for growing oysters is apparent.
} n cuse of a demand for shipments on compuratively short notice the
prower or dealer must know the minimum length of time necessary
for the purifiention of any polluted oysters he may be obliged to use.
Therefore, the important consideration in the investigations under-
taken has been to c]lutcrmine beyond doubt the time necessary to effect
a proper cleansing without prolenging the period to the point where
it becomes injurious to the oysters or expensive to the growers.
Regardless of expense and inconvenience, however, the primary ob-
ject of such transplanting must be to rid the oyster of all traces of
sewnge pollution,

In Europe, Klein (21), Herdman und Boyece (42), and Johnstone
(61}, and in the United States, Phelps (70) and Round (75) have
investignted the ability of oysters to cleanse themselves.

In Table 10 are presented the data obtained in the investigrations o
the effect of transplanting polluted oysters to unpolluted water con-
ducted by Parsons in Connecticut, New J. ersey, and Virginin, These
indicate that 24 hours suffices to cleanse polluted oysters if the water
to which they are transplanted is retlly clean and if the temperature,
the salinity of the water, and the season of the year are conducive to
nctive feeding, Such conditions are usually found with difficulty, as
ordinerily the creeks or bays used for transrlant'mg are subject to
occasional pollution during the floating period and the salinity of the
water of the creeks may change greatly with the change of (ide, be-
coming practically fresh at the end of the ebb tide. The effects of
ocensional pollution and of changing salirity are seen in the results
of the floating experiments in New York State, ut Hassock Creek,
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Bigg’s Creek, John's Creek, Garretson’s Creek, Winant’s Pond, and
Fiatlands. Here the reduction in score was grently retarded. It is
apparent that repested cleansing with oveasionul eontamination ulti-
mately brings about a puritication of the oyster, although it is some-
what delayed.

Tante 10-—Resplis of transplanting polluted oysters in unpolluted water?

Heore

" 'ptntpaor- .
Pl Saliniy
Hontotd “i':.::?:}?f of wator Rluuin} End of

lig o
;:orkl.nd period

Iy
It Elaven Mivar. .. oocoeeeaao.| October, W16, ...

Thickros Baach, Vi Novaather, 166
Old Paint Comidors, Va [ 15 T,
Septambur, 4L,
Hamsoek Cronk ¥ P [\ T
Muy, 106,
Bigg's Croek * Qelotior, B4, ...
Zahn's Creok 1., e
Cinrretson's Creak 2 -t

Winnat's Fend 1., i,
Flutlnnds? i,

t Campiled from dnta submitted by P B Farsons to Durest of Chambstry, 1997,
tPhe wator 6 whieh the oysters were transpleziod was subject o secastonnl contamiveation during the
Bonting poriod,
t‘I 'Pil‘lll waler to whleh Lhv oyvsters waro Erunsplunted was felrly clean, but becsine fresh ot 1he end of the
[IIERA N

B by Jw ok e ] 35 e T e 12 e mem

L)

The effect of ovcasional pollution during the floating period was
very well illusirated by experiments conducted by Furrar (unpub-
lished report) at Block Island, R. I. Polluted oysters were trans-
planted to New Earbor, which is ordinarily free from pollution. At
the time of the experiments the waste from some warships moored
near by polluted the waler. Consequently, there was no reduction
in the Baelllus coli seore during the first 48 hours. The ships then
departed and during the following 24 hours u purification of the
oysters was accomplished.  Farrar’s experiments demonstrate the pos-
sibility of cleansing highly polluted oysters within 48 hours. Oysters
were artificially infecled by floating near a sewer for several days
until scores of 50,000 and 140,000 were obtained. Floating for 48
hours in clean water reduced the scores to 5 and 4. This was a
severe test, as oysters do not have such high scores naturally. Opysters
grown so near the sewer would be smothered by deposits of mud end
filth and would be rendered unfit for market.

In experiments condueted in 1918 at Wickford, R. 1., Hunter found
that the score of oysters when trunsplanted to clean water was reduced.
from 5,000 to 14 and from 410 to 32 in 5 days. In another experi-
ment 96 hours was sufficient to reduce scores of 410 and 230 to 14 and
23. At certain times the water of Wickford Harbor contrined B.
¢olé in 1-cubic-centimeter quantities and at other times no B. coli
could be found in the 10-cubic-centimeter quantitics. From this
it is evident that the water of Wickford Harbor was not uniformly
clenn but was subject to periodic contamination. This accounts for
the fact that from four to six days were required for the oysters to
cleanse themselves, '
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Although it is true that polluted oysters will cleanse themselves
when transplanted to clean water, it is equally true that clean, un-
polluted oysters will rapidly become polluted if floated in sewage-
contaminated water. Data tauken from a report submitted by Par-
sons in 1917 showing to what extent this pollution of oysters occurs
are presented in Table 11. When Baeillus coli was present in 0.01
cubit tentimeter of the water of New Haven Harbor, Conn., it re-

uired only two hours to increase the score of the oysters floated there
(ljrom 14 to 500. Hibernating oysters floated in Lupatcong Creek for
seven days did not increase in score. This fact, together with the
dats given by Round (75) showing that the score of hibernating
oysters did not decrease when transplanted to clean water, lends fur-
ther support to the theory of hibernation or physiclogical inactivity
of oysters at low temperatures.

Tanrns 11—Resulls of fransplunting nupollufed oysters in polinted brackish

weater®
Seoro
f Tumnpor- :
Time Salinkty
Bed Dhate tonted | MU0 07{ oremidr | Begin.
water End of
ning of lod
peripd | POF
' Daya °F, Sp., gr.
Enat Rockaway Cresk, N, ¥_._.] Oetober, 104 . 1 a0 Lot { g ?&
Lupatcony Creck, N. J June, 1016 5 w| @ > i
Now Haven Larhor,? Conn. ... October, 1990, Fe) ] 1,419 3 41
Neow Huaveo Lurhor Conn - Movenber, WG T3 it} i.018 i4 580
Lupateony Creek,d N, Jo__ | Maorch, 145 _____ 7 40 U] (*y 5

! Comptled from daty sabmitted Ty P. B. Parsous to Bareaw of Chemistey, 1017,

1The water in this creek had 6 salinity of 1017 ut the end of the tlood tide and was nearly frosh water
at the end of the ebb tide.

* 8, eoll waoro presend in 0.3 cuhle contitieter of the water of the harbor whiere floating touk [uce.

£ B coli wora presen fo 2,01 cubie centimeter of tho water of the Larber where flouting Look place.

FThoso oyaters waere in o Biliernoting condition.

¢ Not glven.

From all the investigations conducted it is apparent that poiluted
oysters can purify themselves when transplanted to unpolluted
waters. Although the length of time necessary for such purification
can not be determined definitely for all locations from the results
of the studies already made, it can be concluded that such purifica-
tion is possible within 24 hours if the conditions are exactly right
and that seven days will suffice, even when the water to which the
oysters are transplanted Is subject to oceasional pollution. Much
discretion must be exercised in applying to sanitary control the
knowledg: that oysters have the power of self-purification. Before
the merits of any location can be passed upon, study must be made
of the water and aftention must be given to the sanitary features
of the surrounding country. It is suggested that transplanted oysters
remain in the clenn water for about seven days. If the water is
clean, as it should be, and if the conditions are such that the oysters
feed normally in freely circulating water, this period will allow a
margin of safety over the time absolutely necessary for the cleansing.
This margin of safety is nccessary because of the impossibility of
controlling all the factors involved in the process. Whenever pos-
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sible, Bacillus coli scores should be obtained on the transplanted
.oysters before they are taken up for the market, and no oysters
should be taken for sale until the score has been reduced below 50.
As oyster samples from one location sometimes vary, there is danger
that the results of one examination may be misleading. Therefore,
the low score should be obtained on two or more samples before the
aysters are considered fit for use.

If the water in which the oysters are transplanted is clean, if the
currents and the arrangement of the oysters are such that there is
free circulation of pure water among them, and if the temperature
is favorable for active feeding and for discharge of polluting material
from the shellfish, this ability- of oysters to cleanse themselves can
be used to help solve the prog em of how to utilize stock from pol-
Juted areas that have been condemned.

CHLORINATION

The lack of natural ciean waters, suitable for the purification of
oysters by flonting and within & reasonable distance from the polluted
arcas. made it necessary to search for some other practical means of
purification. For instance, pollution made it necessary either to
nbandon Raritan Bay, N. Y., an excellent growing area, or to find
some menns of artificial purification, as no near-by waters could be
used for self-purification. This need for 2 method of artificial puri-
fication, which existed zlso in other localities, led to the development
of the chlorination process by Wells, with the assistance of repre-
sentatives of the United States Bureau of Chemistry, the United
States Public Health Service, the oyster industry, and the New York
State Conservation Commission {23, 101, 102, 103, 104, 105).

The biological principle underlying this method is the same as that
upon which self-purifieation is bised. In fact, the two methods arve
the same except that, in the method developed by Wells, by the use
of chlorine ns a sterilizing agent, clean water is provided for floating.
The ability of the oyster to cleanse itself by washing out impurities
when Hoated in clean water is made use of in this method under
carefully controlled conditions.

Wells, experimenting in 1914 and 1915 at Fishermuan’s Island,
Va., found that if oysters were floated in water containing an excess
of free chlorine they would close their shells, permitting sterilization
of the exterior, and that when the excess of free chlorine was greatly
diminisked they would open their shells again, thereafter cleansing
themselves in the sterilized sea water. In 1916 this chlorination proc-
ess was itested, with the assistunce of Parsons of the Bureau of
Chemistry, at New Haven, Conn. In 1920 the Public Health Service,
the Bureau of Chemistry, and the New York State Conservation
Commission coopernted to demonstrate the process under commereigl
conditisns. This demonstrution, which was followed by an indorse-
ment of the method and certification by the New York State Con-
servation Commission of a purification plant at Inwood, Long Is-
land, is reported in detail by Carmelia (23). Polluted oysters in
large lots were spread in great wooden floats and covered with clean
sen water. Calclum hypochlorite, in such quantity that free chlorine
was available in from 4 to 6 parts per million, was distributed over

T8955°—-28——3
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tlié flodts by meand of hand-opernted wooden paddles. The guantity
of chlorine needed was determined by the quantity of organic matter
in the water. The greater the quantity of organic matter the greater
is'the need for chlorine. More chlorine can be used ‘than is tolerable
4n drinkihg water. - From 20 to 30 minutes after the addition of the
‘hypochlotite the water was tested with orthotolidine for free chiorine.
]{g oysters were then left undisturbed during a “ drinking” period
‘'of 6 hours. At the end of this period the floats were again treated
with chlorine as at first, after which they were left for from 12
to 18 bours. This gave a 24-hour “drinking” period, at the end
‘of ‘which the oysters were ready for the market.

The =hy-poch¥orite first sterilized the water in which the- oysters
were placed. For a short time this excessive quantity of chlorine
was so irritating to the oysters that they repeatedly and forcibl
ejected water from between their shells. This action removed muc
mud, sand, and other organic matter. The action of the chlorine
‘also loosened the organic matier on the exterior of the shells.. Left
‘undisturbed, the oysters filtered the sterilized ‘water through their
‘gills and alimentary tracts, removing materials which served to
‘moderately pollute the flonting water. The second treatment with
calcium hypochlorite agaim sterilized the water, in which the oysters
were then floated for I8 hours, :

In these experiments a reduction of 90 per cent of the Bacillus coli
content of oysters scoring 50 or more -was .obtained. According to
Gurmelia (23), a reduction of 90 per cent of the Bacillus coli -in
oysters scoring 500 will produce a score of 50, bringing the oysters
ocaly to the passing mark and allowing no margin for safety (Table
12). He believed, therefore, that no oysters which scored higher
than 230 or 320 should be purified by this method.

Tasie 12— Becteriological results of foyeter purificaiion by hypochiorite proceast

Avernge Drcillys -
: AVeIngs
Rup | Quentityl  <ofi seoro ceductinn
Bource o ol oy u;?]m L]

" | treat 1 Racitina

roatmeatrenteony| Caliscoro

i Bushels Fer cent
Raritao Tny botwean Gront Killsand Princess Bay, N. Y. 3 4G 2 2 0.3
Da... - . en 2 5D 50 5 90.0
Jumnien Bay, Big Chanoel, Caroorsie, N Y. __ " C 3 20 | 20 I o
Raritan Bay hetween Grent Killsaod Prioeess Tay, N. Y 4 o 14 4 R
Oyes .- 13 15¢ 14 4 L4
o, ) o 5 a 440.0
Dao... - T 1] 4 2 ‘500
Da.. . - 8 i a] 14 & 4.3
Rerlten Hay, off Seath Bench, N Y. ________ ___ 9 15 41 4 9,2
Raritwn Bay betwesn Qreat Killsnned Priveess Bay, N, Y.| 10 K] 2 - 1), 56.0
Ruaritan Bay near Grost Beds, Light Amboy, I, - 1un 25 320 4 08T
Jamalen Bay, Swect Water aren, nesr Inwood, N. 212 o 320 2 .0
Jumpica Bey, Big Ohangel, Coronrste, N Y .22 77] 13 15 320 2 0.8

1Roprinted from Carmelin's repert (25).

As a result of the indorsement by Federal and State authorities of
the chlorination process as an efficient and practical method of cleans.
ing oysters, a plant for this purpose was installed on a commercial

‘basis at Inwood,N. Y, (101, 102, 104). At present the State of New
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York does, not permit! the taking of oysters from beds where B. coli,
scores of over 50 are obtained, except 1n the summer for the purpose,
of. transplanting. This re wlation was put into effect as a_ safety
measure, but its enactment did away with the need for & chlorinating
plant, sach :as, the one at Inwood, which has been dismantled. How-,
ever, several oyster companies at West Sayville, N, Y., are now using,
f)he tt}z)hlorinai;ing method upon most, if not all, of the oysters handled.
them. . ; ’ Lo S :

YIn its control of the chlorination process the New York State.Con-
servation Commission has issued the following regulation (67): '

- Raw water to be purified for use 1o drinking, flouting, or the water storage:
of .oysters shall hove un initlal score.of not more thun 5 (5 portions of the water
sunple to be treated as § shellfish in securing this score), Sald water shall
have o salluity sufficient to glve a specific gravity of not less thau 1007 at
16° Q. and shufl be trented with lquid chlorine, calelum or godlu hypo-
chlorite, or similar chiorine compounds prodiced by electrolysts, If the fib
and draw method {8 used, sufficient chlorine or its compounds in one of the
forms mentioned shall be added to the waler to serure a free chlorine content
of not Tess than 0.5 parts per million in wny part of the tank fifteen minuted
after #illini 18 completed, If the continuous floww method i8 used, a control re-
avtien chumber shall be provided ‘through which tlie ‘water shall be passed
before it .enters the oyster storzge basin, Such chumber shall be twice as long
as it 18 wide and not less than 4 feet deep, properly baflled and having o de-
tention period of not less than fiftecn minutes. In using this method, sufllelent
chlorine or ts compounds in one of the forms mentloned shall be added to the
water to glve a free chlorine content of not less {han 0.5 paris per milton to.
the sater collected from the outlet of such reaction tank Dbefore it enters the
tank fn which the oysters are stored.

The -chlorination method is efficient if carefully supervised and
properly conducted. It should be as carefully supervised as is the
Pasteurization of milk. Perhaps more important than the quality of
the oysters used, the purity of the water, the strength of the steriliza-
tion agent, or the length of the  drinking ” period, are the intelligence

.. 7 care shown by the operator. . It is absolutely necessary that the

ztor have enough experience to understand the principles under-

‘vapg.the process and to be able to interpret his results as they are
Jbtained. - :

The -experiments of Krumwiede, Park, and others (57} indicate.
that, under the experimental conditions, the chlorination treatment
is not reliable in ridding badly contuminated oysters of viable ty-
phoid ‘bacilli. They conclude that © the chlorination treatment of
contnminated oysters will result in a marked diminution in the
number 'of B, typhosus, but even six successive treatments may not
rid the.oysters of the contaminating pathogens. The process can
not. be fecommended therefore in any sense ns a reliable means of
“ gterilizing > contaminated oysters and thus rendering them safe for
consnmption.”  The experiments upon which this conclusion was
based-represent -extreme conditions, in that typhoid feces confaining
enormous numbers of bacilli and large quantities of organic matter
were added to velatively small volumes of water in which oysters
were floated. This was followed by the use of such quantities of
¢hlorine that it is possible that the normal functions of the oysterin
purifying itself were interfered with.” There is still plenty of rea-
gon to believe that oysters contaniinated under natura) con itions on
beds not too grossly polluted with sewage may be Eumﬁe.d by "the
chlorination process. 1t has not been recommended that attempts-be
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made to chlorinate and to purify for use as food grossly polluted
oysters, - :
yAt. some shucking hcuses where surplus sto¢k is stored in tanks or
floats unti! needed, it is considered good practice to add calcium
hypochlorite to the water In which the oysters are stored. This is
done to prévent contamination between the time the oysters ar

taken from the growing areas and the time of shucking. '

At first thought, the chlorination of oysters may not appear de-
sirable. Ii Is suggestive of an attempt to render fit, by chemical
disinfection, a filthy und poliuted product naturally unfit for use.
Such objections to chlorinated oysters, however, are bused on a lack
of understunding of the process. It is becoming as difficult to pro-
duce oysters entirely free from pollution as it is to find sources of
drinking water that is naturally fit for use. In making drinking
water clean and safe meelanical filters and chlorine are used. There
is no objection to this in the minds of the users of sueh water.
Similgr use of chlorine is made in the artificial purification of oys-
ters, Furthermore, to gquote Wells {703), “this method of punfi-
cation consists of nothing more thun assuring condilions of cleanli-
ness under which the oyster can, by iis natural function, remove any
pollution received from the water.”

The treatment with chlorine produces no change in the appearance
of the oyster nor in its flavor. The caleium hypochlorite reacts
with the salts present in the sea water to form calcium carbonate
and sodium chloride, both of which are normally present in sen
water. It is mo doubt true that, in oysters scoring not too high
originally, the finished produet after chlorination is cleaner bacterio-
logically than some of the oysters marketed direct from the growing
areas. It may be that sooner or later the epinion of the agvocates
of this process will prevail and that chlorinution of oysters will be
regarded in the snme light as chemical treatment of drinking water
and Pasteurization of milk, At present sufficient investigational
work has been conducted to demonstrate that, when properly carried
out, the chlorination method is not objectionable and offers a means
of rendering clean, safe, and fit for market, oysters which otherwise
could not be used.

As its efficacy depends upon the power of oysters to cleanse them-
selves by “drinking” the clenn water in which they are floated,
it is obvious that this method can not be applied to shucked oysters.
However, some dealers are adding chlorine to the water with which
the oysters are washed in the shucking house. The proponents of
this method of cleansing shucked Oﬁsters claim that about 10 parts
per million of free chlorine, available in the wash water, prevents
any incresses in the Baeillus coli score and in the total numbers of
bacteria during washing and handling subsequent to shucking.

FLOATING OYSTERS IN THE SHELL

For a great many years before the passage of the Federal food and
drugs act it had been known that floating living shell oysters in
brackish or fresh water would bring about great changes in the pro-
portions of solids and water in oysters. In 1887 and 1888 Afwater
(9, 10, 11, 19} discussed the application of the principles of osmosis
and dialysis and presented data to show the extent of the changes
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taking place during flonting. He divected attention to the fact that,
as a result of floating, there was a gain in volume and a loss of solids
and salt and that the appearance and flavor of the oysters were greatly
chinged. TIn spite of the knowledge that such changes, amounting to
adulteration with water, were produced in oysters by floating, this
practice was continued.

In the face of claims by certain oyster shippers that it was neces-
sary to float shell oysters 1n order to cleanse them, to remove soine of
the salt that they might stand shipment better, and to meet a popular
demand for a plump, *fuat™ oyster, it was necessary for the Bureau
of Chemistry to do some investigational work to determine whether
or not there was a real need for floating and to ascertain to what
axtent adulteraticn occurred when oysters were floated.

As a result of this work and of hearings held in 1909, IFoed In-
spection Decision 110 (8§) was issned. This decision stated, ainong
other things, that oysters are adulterated within the meaning of the
act if they have been subjected to floating or * drinking * in water
conlaining less salt than that in which they were grown. Protests
by certain oyster interests called for further hearings, as a result
of which Food Inspection Decision 121 (89) was issued. This de-
cision permitted the floating of oysters jn water of lower salinity
than {hat in which they would grow to maturity, if the packages
in which they were shipped were labeled “ Floated oysters.”

At the time of the issuance of Food Inspection Decision 121 the
distribution of floated oysters was not widespread and the sale was
largely in the shell, or, if shucked, by count. Later the shipment
of floated shell oysters for shucking and sale by volume presented
another aspect of the problem. If floated oysters have greater volume
than unfloated stock from the same source, the indications are that
fraud will be perpeteated upon the consumer who receives an excess
of water and a deficiency in oyster solids. This practice of selling
flonted oysters by volume stimulated further rescarch on the
chemistry of the process.

Early in the 1916 season experimental shipments of floated and un-
flonted oysters were made from New Jersey points to Philadelphta,
Pu., and to Baltimore, Md. Examination of the stock at destination
showed that the volume of the shucked floated oysters was about 25
per cent greater than that of the snne stock that had not been flonted.
Also, the flouting had removed a large part of the salt, had materially
changed the flavor, and had reduced the solids content about 20 per
cent. The experiment at that time indicated some apparent superi-
ority in shipEing and keeping quality in the floated oysters as com-
pared with the unfloated oysters. This observation is interesting in
view of the results obtained from experiments subsequently
conducted.

In January and Qctober, 1922, and in the early fall of 1924, further
experiments were conducted. The cold season of the year was chosen
for the first experiment, as it was belicved that with the teinperature
of the water low the oysters would be inactive and, consequently,
results different from those previously obtained when the floating
was carried on before the temperature of the water had fullen below
40° C. might be expected. The second experiment was conducted
during October, when the wealther was unusually warm, so that
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the oysters were subjected to practically summer-temperaturcs during,
storage and handling. ‘ .

In the first experiment oysters from two areas and in the second
experiment oysters from three areas were examined after reroval

from salt water and after removal from brackish water &t hiﬁl}l
pe

and low tide, following flouting periods of 42 and 4G hours im {
first experiment.and 36 to 42 hours in the second experiment. Several
sacks of oysters were used in each experiment. The data (Table 13)
are the average results on each lot examined. In ihe second experi-
nent the sulinity of the river in the vicinity of the floats, expressed
as grams of salt per 100 cubic centimeters, ranged from about 0.7 at
high tide to 0.2 at low tide. At the same time the salinity of the
wator over the oyster beds ranged from sbout 1.8 to 2.4. The un-
floated and {loated oysters were shucled, measured, weighed, and
counted. A sample from each type wus withdrawn and analyzed.

TapLE 13.—Chdanges in oysiers floeted in the shell and removed el high Hde dund
af low tide
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L5 130, 88

rvrd . 14000
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... $805 . 136, 64
4. 423 3. pRICE:I§

1 Entirs sinpia

Although the procedure followed was practically the same in both
experiments, the results did not agree exactly. In the first experi-
ment the physical examinsation on shucking showed the oysters of
eacl type to ﬁe in good condition, even though some had been frozen
during shipment. There was no indication that floating, even to low
tide, when the temperature was very low, as in this case, had done
any serious injury nor was there anything to indicate that unfloated
stock would not ship as well as floated stock. "In the second experi-
ment, although all the oysters were in marketable condition, there
was a marked difference in the physical appearance of the unfloated
and floated stocl, 'The floated oysters taken at low tide had lost the
creamy color, the firm texture, and the cxcellent saline flavor of the
unfloated oyster and had becume pale, bleached, soft, and spongy,
with an insipid and fiat taste. The floated oysters removed at high
tide showed plysical charucteristies between these two extremes, but
amore nearly resembling the low-tide floated oysters.

In both experiments increased yield per sack, gain in volume, in-
crease in size of the individusal oyster, loss of weight per gallon, a
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reduced number of oysters per gallon, and u loss of solids and salt
us o result of flouting were in evidence.

" In the first experiment the weight of the individual oyster in-
creased from 0.4 to 0.8 gram, according to the tide on which it was
removed. As o result of the floating there was a reduction in solids
of approximutely 5 per cent. In the second experiment the increase
in yield produced by flonting at low tide amounted to 30 or 40 per
cent and about half this increase if the flonting was discontinned at
Ligh tide. These results arc in contrast with those obtained when
the water was below the temperature where the oyster functions
uctively, in which case the gain produced by floating was only about
10 per cent. From these two experiments it is dpparent that the
changes produced by floating are greatly influenced by the tempera-
ture of the wuter and the consequent phystological activity of the
oysters,

An experiment conducted in the enrly full of 1924 included, in
addition to the points covered in the previous experinents, a study
of the changes which the oysters, both unflonted and floated, undergo
during longer stornge periods in the shell under the influence of
warchouse storige at omiinury temperntures and in artificially chilled
stornge. The effcet produced by ordinary commercial washing on
the volime of shucked oysters obtunined from unfloated and floated
stock was also sindied.

The plan of {he experiment was to prepare and examine 14 lots
of 3 sacks. cach of unfloated and flonted oysters, The oysters useti
were taken fromn water having a salinity of about 1.65 grams o
sult per 100 cubic centimeters and they were flonted in water having
nbout 1.2 grams of salt per 100 cubic centimeters at high tide and
about 0.2 aram at Jow tide. The lots of oysters used were removed
from the floats on the high {ide or the low tide, The results of this
experiment nre given in Table 14.-

Taurm 14 —Axerege weight owd count per gollon, aize, and composition of
unfloated apd floaled oystery
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count | volume gallon

Yolutne
of Irdl-
vidh!
oystors

Walght] Count
Troutmenl R T
gullon | gnllon

uncea
150, 18

a
o

RERRRNEEEEEERS

Per eetid| Per cent| hineea | Per cent Fer cend
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1l
12
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Of those removed from the fleats at high tide, lots 4 n.nd.'i' were
. flonted 7 and 5 hours, respectively, from low tide to high tide; lot
5 was flonted 12 hours, from high tide over onc low tidej ot 3 was
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floated 18 hours, to two high tides; and lot € was floated 42 hours,
from low tide over two tides. Of those removed at low tide, lot
9 was floated 7 hours, from high tide to low tide; lots 8 and 13
were Hoated 13 and 11 hours, from low tide to low tide; lot 10 was
flouted 24 hours, from low tide over one low tide; lot 11 was floated
37 hours, from low tide over two tides; and Jots 12 and 14 were floated
48 hours, from low tide over four low tides.

 Within 40 hours after removal from the water, two sacks of each
lot were shucked and examined, the third sack being reserved for
examination dfter a storage period. At the time of sﬁuclring visual
inspection showed that both the unfloated and floated oysters were
in excellent marketable condition, although there was no difficulty
in distinguishing the flonted from the unfloated stock, owing to the
pale, bleached, and bloated appearance of the former, especially of
those removed from the floats at low tide. The floated oysters ap-
peunred larger than the unfloated oysters, contained much free liquor
in the shell, and emitted large quantities of milky liquor when

rerced,
P Each lot of oysters was washed as described in Table 15. Before
and after washing the oysters were measured and after washing
they were also welghed, counted, and analyzed for solids and salt.
Quantities of each lot were shipped in ice to Buffale, N. Y., where
they were re-iced and returned lo Baltimore, Md., to be examined
for free liquor,

PAHLR 15.—Chanprs dn velume produced by commercial wushing of wnfloated
i finuicd opaicrs
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The changes in volume produced by the washing process ave given
in Table 15. The average figures obtained on the welght, count
volume, solids content, and salt content of the unficated und flonted

_oysters are given in Table 13, which shows also the average per-
centage chunges in volume, count, and solids content. The remark-
able feature brought out by this experiment is that the length of
time of floating had practically no bearing on the changes produced,
the determining factor being whether the process was terminated
during a low tide or a high tide. The oysters floated for seven hours
and removed at low tide showed almost identically the same gain in
volume and change in composition as those floated for 48 hours and
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removed at low tide. The same condition was noted in the oysters
removed from the floats at high fide.

The free liquor drained off the unfloated oysters returned from
Bufalo ranged from 3.7 to 2.1 per cent, an average of 2.6 per cent;
that of the flonted oysters removed at high tide from 8.9 to 4.7 per
cent, an average of 7 per cent ; and that of the floated oysters removed
at low tide from 14.4 to 6.8 per cent, an average of 9.9 per cent.
These figures indicate that oysters floated at low tide developed large
quantities of liquor during transit—quantities larger than those nor-.
mally present in properly washed und skimmed oysters after ship:
ment. ’ : S

The residual sacks of oysters were stored fivst for 10 days =t a
temperatute of about 80° F. At the expiration of this peried one-
half of the oysters in each sack were opened and examined visually
and the other half stored for 6 to 10 days longer in an ordinary
shucking room exposed to prevailing temperatures. At the end of-
both periods the oysters were living and in markefable condition."
There was still a difference between the unfloated and floated stock,
but both showed evidence of drying about the gills. After washing,
both types of oysters presented = fair appesrance and were, in fact,
marketed commercially, in spite of the fact that they had been out
of the water for 0 days, haif of the time exposed to warm weather.
This does not indicate that floating is necessary in order to produce
an oyster which will stand any reasonable shipment or storage in the,
shell. .

“These experiments show that the duration of the floating period-
has little effect on oysters, that floating is not necessary to produce.
oysters which will stand shipment well, and that floating in fresh
water materially changes the composition of oysters, espectally if the
fioating period is terminated st low tide. o

As a result of this experimental work, Food Inspection Decision
211, Adulteration of oysters (90), was issued in June, 1927 This
decision revokes Food Inspection Decision 121 (89} and reaflirms
Food Inspection Decision 110 (88). The shipment of floated oysters;”
even if Inbeled “ Floated oysters,” now constitutes a violation of the-
Federal food and drugs act, e

SHUCKING-HOUSE SANITATION

Clean oysters, improperly handled, ia an unclean and insanitary
shucking house, may become so contaminated that when shipped
they are unfit for use. ¥Federal and State authorities do what can.
be dione to regutate and control conditions upon the growing grounds,
but the responsibility for sanitary conditions in the shucking house
rests squarely upon the dealer or shipper. Federal and State in-:
spectors may assist the shipper by calling aftention to conditions
open to improvement from the sanitary standpoint. Such. inspec-
tions, made in cooperation with the shipper rather than with any
idea of hampering him or interfering with legitimafe practices, can
be made only occasionally. Therefore, it is the dealer himself who
must assume the burden of keeping a clean house in order to deliver
a clean product. ) _

Phelps (71} states that the quality of oysters depends upon (1),
the character of the water from which they are tuken, (2) the process
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of handling from .the shucker to the shipping package, and (3) the
treatment which they receive from this point to the consumer.,

In 1911 Stiles (82) directed attention to the importance of sani-
tation within the shucking house, He stated that, without the devices:
necessary for cleansing and sterilizing it is impossible to prepare the
final shipping package in & senitary manner.. Specific suggestions
for the maintenance of sanitary conditions within the -shucking,
house were made by Round in 2916 (76). : : ,

Beginning with the premises outside the shucking house proper,
it is seggested that orderliness and neatness be maintsined. It s
understood that the ordinary practices of the industry make 1t neces-
sary, to have shell piles, stocks of reserve matecials, ete.,, on the
premises. No objection can be made to such accumulations. Dirt, -
piles of decomposing materials, pools of stagnant water, and other
similar nuisances should not be tolerated, however. A neat.and
orderly outside appearance has its.effect upon visitors and passers-by,
as _wai:ll s 4 direct bearing wpon the cleanliness of the product
shipped, :

or several reasons it is advisable to use whitewash and paint.
liberally within the shucking house. Painting or whitewashing
should be done at least once a year, and more often if necessary.,
The walls and the ceiling must be freed from dirt and eobwebs before
they are painted or whitewashed. Paint and whitewash are germi-
cides and their use also gives better light and a better a penrince.
Thus paint and whitewas% have 2 direct effect on the quality of the
shucked oysters and an indirect effect, through the impressions made
upon the employees that they are working in a clean shop and must
be clean themsef;es.

If possible, the floors and benches should be made of concrete in-
stead of wood. Concrete can be kept clean more easily, When bins
and benches are emptied they should be cleaned from .all aceumula.
tions of mud, dirt, and seaweeds. This can be done by hosing
thoroughly, or, if sufficient water pressure is lacking, by scrubbing
with brooms and rinsing with plenty of water. The Hoors should be.
washed daily in the same manner. :

Particular care is necessary to provide and use absolutely clean -
utensils. Cans, colanders, knives, skimmers, and tanks should be
cleaned and rinsed whenever empty or not in use, A liberal use of
steam for cleaning and sterilizing them is necessary. Sufficient steam
ior this purpose should be provided, regardless of the témperate
weather of fall and spring, which does not call for steam for heating
purposes. The steam may be used as live steam or under pressure,
If steam can not be provided, a solution of calcium hypochlorite may
be used as a cleansing and sterilizing agent. The routine use of
hypochlorite solutions for rinsing bins and bene}f.s is to be recom-
mended because of its sterilizing and deodorizing 'properties.

Convenient toilets for employees should be provided. These toilets
should have running water and they must be used carefully. Em-

loyees should be impressed with the fact that they are handling
oods that may be eaten raw. Therefore, they must always wash
their hands after using the toilet.

_Doors and windows of the shucking house should be screened
tightly to prevent the entrance of flies and other insects,
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“ Much has beer written régarding compulsory periodic physical
eXaminations of all food handlers, such as cooks, waiters, and oyster
shuckers. As applied to oyster shuckers such a regulation would ‘be
of ‘value if it eliminated from the shucking house all carriers of
Bacillus tiphosus and all sufferers from venereal or other contagious
diseases, In the absence of such a requirement the dealer or shipper
is tuinder an obligation fo inguire earefully abont the health of each
employee and about any past case of typhoid fever or other contagious
disease. It is slso important that the supervisor in the shucking
house be advised of any illness in the family of each employee.
There is alwnys danger that disease-producing organisms may be
trapsmitted from homes where illness prevails by persons who are not
themselves suffering from the disease. From the knowledge gained
. regarding the health of each employee and his family the employer
ghould draw conclusions and act accordingly. Bearing in mind that
oysters offer a favorable medium for the development of bacteria and
are frequently eaten raw, the employer should rigidly exclude from
work in the shucking house all persons suffering from contagious
disease or known to be harboring organisms of disease although not
suffering themselves. -

Personal cleanliness, of course, must be insisted upon. The habits
and person of the shucker should be clean. The shucker’s hands must
be kept as clean as possible in order not to unduly contaminate the
shuclted oysters with mud and débris in the process of opening. In
spite of all precautions, it is possible that sore unhesithy person or
some one carrying disease organisms may be employed. E[:nployees
ghould be impressed with the idea that they are working in u kitcken
where food is prepared. -

WASHING OYSTERS

IN THE SHELL

Where oysters are grown on muddy or soft bottoms the shells may
become coated with mud. Unless removed before shucking, this
serves to contaminate seriously the shucked product.

Where power dredges are used and deck space is available, much
of the mud, if soft and not sticky, may be removed when the oysters
are first teken from the water, This may be done by rinsing them
severa] times in the sea water while still in the dredge and just before
dumping on the deck. When dumped on the deck the oysters may
be washed with puilfuls of water faken from alongside the boat.
When the oysters are taken by means of tongs by men working in
small rowboats this washing is not so easily done. Furthermore, if
the bottom soil is claylike and sticky it is removed from the shells
with difficulty, even when wet, and, if sllowed to dry, such shells
can be cleaned only by scrubbing. )

Under the present system of handling at the shucking nouse no
method is provided for cleansing the shells before shucking. Whether
serious attempts to develop such a method have been made by oyuter
growers is unknown, but the literature apparently contaius no ref-
erences to it

It is often stated that it is imgracticable to attempt to rid the
gxterior of the oysters of mud at the shucking house, but the impor-
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tance of this mud as a factor in the contamination of the shuclked
stock would scem to warrant some expense and inconvenience on the

art of the shipper in an attempt to eliminate it. Although it might
e diflienlt to put such an operation into effect in some of the smaller,
poorly equipped shucking estublishments, the installation of suitable
apparatus would not seem too difficult or expensive for the larger
companies. The importance of this contaminating factor where
muddy oysters are handled can not be overemphasized.

OUT OF THE SHELL

Shucking is always followed by washing. The cfficiency of the
yirious methods of washing in removing bacterin from the shucked

sters has been the subject of extensive investigations, In 1904
Houston (46) established by experiment the fundamental principie
thut oysters polluted on the growing aress can not be washed free
from Bacillus coli, By none of the present commercial methods of
washing can the original Bacillus ¢oli score be reduced. 'The efficiency
of a wasliing method is measured by the extent to which it removes
the dirt and the bacteria introduced during the shucking operations.
‘The bacterial content of the oysters frequently increases greatly, ow-
ing to the introduction ¢f mud and o(i}her foreign material during
shucking. Hibernating oysters and oysters from sewage-free waters
scoring as low as 5 often score 500 after shucking. In 1916 and 1917,
Parsons and Farrar reported the results of their experiments upon
the efficiency of various methods of washing as affecting the bacterial
content of oysters. The data in Table 16 show the effect of the
shucking and washing processes upon the hacterial content of
oysters.

Tasre 16.—Effect on score of shueling and of different methods of washing *
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' Cotupiled from data submitted by P. D. Pagsons i 1017
I Not given.
¥ Phera wers few oystors on the skiinmer, Fleuly of wafer was used,
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Tante 10.—Effect on score of shucking and of different methods of washing—
oo Continved
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+ Frosh waler was used in the blower. 5 Sait waler was used in the hlower,

In many houses it is customary to wash the shucked oysters im-
mediately after shucking on a perforated skimuer with running
water from 2 hose. Such washing has little effect on the bacterisl
content. It is usually superficial. The oysters on the skimmer are
so numerous that the agitation of the mass by the force of the water
and by stirring with the hand or a puddle is insufficient to expose the
entive surface of cach oyster to the stream of running water. Many
bacteria adhering to the mucus of the body and to the gills escape
the action of the water and are carried on to the finished product.
After ordinary hosing on a skimmer, the scores were the same as
before washing. If a few oysters spread out on the skimmer are
trented with plenty of water, under strong pressure, it is possible td
effect a slight reduction in the score. Under commercial conditions
this would greatly retard operations. As ordinarily practiced, hosing
of oysters on a skimmer can not be held to be an efficient means o
washing.

By another method of washing, shucked oysters are held in tubs
or tunks of fresh or salt water and are occasionally stirred with a
paddle. The results of experiments to demonstrate the effect on the
score of holding oysters in tubs of fresh water for varying lengths of
time are given in Table 16. The oysters, collected during the hiber-
nating season, had low scores bufore shucking, As a result of con-
tamination during shucking the scores were greatly increased. Hold-
ing the oysters in tubs for as long as 30 minutes did not remove the
bacteria introduced durin shucﬁing and thus did not reduce the
scores to those originally foun_d. No differences in results were ob-
teined when salt water was used in pluce of fresh water. Data sub-
mitted by Parsons and Farrar show that, owing to the use of dirty
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water, the scoré méy be increnséd during the weshing procéss, WHeS
care wns taken to use clean water for each batch of oysters and to
stir the mixture frequently some slight reduction in score was effected:
The indications thet stirring had much effect in reducing the score
were too meager to be of very great significance:and subsequent work
indicated that stirring has little effect on the efficiency of this pracess.
Further experiments showed that washing in tubs of fresh water
poliuted oysters takem during the actively feeding season does
not reduce the score. (Table 16.) Polluted oysters washed in ihis
manner still had scores as high as those not washed. These results
indicate that it is impossible to remove Bacillus coli from the. body
of polluted oysters by washing. o
- Xoxperiments conducted to determine the effect of hosing- oysters
before and after immersion in tubs of water (‘Table 16) showed that
such hosing adds nothing to the efliciency of the washing process.
Some of the results support the statement (p. 45) that a few oysters
spread_on the skimmer and treated with plenty of water can be
reduced in bacterizl content. .
‘The investigatinns conducted by Parsons indicated that the most
practical and efficient method of washing oysters to reduce the
contamination intraduced by shucking is the use of the blower. The
blower is & metal tank -eqlmtpped with a perforated plate just above
the bottom. Air is forced up through the perforations in this plate
into the mixture of water and oysters. By the force of the air the
oysters are tossed. about and agitated viclently, thus exposing the
enttire body to the washing action of the water or brine, Dirt, pietes
of: shell, und slime, sinking to the bottom of the tank, are col&c_tec{
in’ the space between the bottem and the perforated plate. ‘This
accumulation of waste must be removed after each operation and
clean water must be used for esch blowing, Otherwise the materisl
gathered in the bottom of the tank is redistributed throughout the
wash water and the effect is to further contaminate the oysters rather
than to cleanse them. The main objection to the use of the blower
Is that prolonged blowing may bloat the oysters and thus adulterate
them with water (p. 47). The use of a wesk salt solution will
eliminate this trouble. ’ '
The results of experiments on clean oysters collected during’ the
hibernating season and on polluted aysters collected during the ae-
tively feeding season (Table 16) show that by use of the blower
the score of shucked oysters can be reduced to that of the oysters
before shucking. No reduction in the score of the polluted oysters
below that of the original shell stock could be made, however.
Occasional hosing of the oysters before blowing was resorted to.
but with little effect on the bacterial content. It was found that, for
cleansing purposes, there was no difference between the use of fresh
water and the use of weak brine in the blower. Also as good resulfs
were obtained by blowing for from three fo five minutes as by
blowing for a lenger period. _ ' :
Of all the present commercial methods of washing studied the
use of the blower wags the only one that was efficient in reducing
the bacterial content of the shucked oysters. T
Another experiment (Table 16) was conducted to learn the effect
of washing oysters in tubs or buckets under rapidly running strearhs
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of water for prolonged periods. Nonhibernating oysters were sub-
jected to this treatment. The results were negative 1n so far as they
show any effect upon the score. Such a washing process will not
reduce the score below that of the oysters before washing. -

To sum up the present knowledge of the bacteriology involved in
the washing process, hosing or spraying the oysters with water on a
skimmer will not reduce the bacterial eontamination due to shucking

und handling, but washing in a blower in a wesk brine for from
three to five minutes will reduce the bacterial content to about that
of the oysters before shucking, without undue bloating. No known
method of washing will remove from the body of the oyster evidence
of pollution guine?l during growth on the beds.

EFFECT ON VOLUME AND COMPOSITION

The composition of shucked oysters can be greatly changed by
prolonged washing in fresh water. If the process is prolonged un-
duly the oysters become adulterated within the meaning of the
Federal food and drugs act. So much fresh water is absorbed by the
oysters that bloating or “ fattening ” tukes place and fraud is per-
petrated on buyers of such oysters. Furthermore, valuable soluble
solids are lost in the wash water or liquor that is drained off and.
disearded. Although any fresh-water washing must result in some
loss of soluble solids, as well as In the addition of water, a reasonable
washing of shucked oysters is nrcessary to obtain a product free from
shell, dirt, and ‘foreign material. The process must be regulated to
a degree that will permit a thorough cleansing without soaking and
adulterating.

Realizing the possibilities for illegitimate gain to dealers from-
the increase in vofuma due to soaking, and recognizing also the prob-
ability of adulteration during the washing process due to the ship-

ers’ luck of knowledge of the chemical changes taking place, the

uresu of Chemistry studied the eflects prodiced by various methods
of washing oysters.

During the season of 1916-17 oyster-washing experiments were
conducted near Providence, R. I., New Haven, Conn., New York,
N. Y., und the Chesapeake Bay (Md.) section (reported by E. J.
Shanley). The washing process employed in the establishment
under 1nvestigation was hoted and the experiments were planned to
stmulate such processes. The volume of oysters wus meusured before
and after washing, and the change of volume under the conditions
wag noted. Sampies of oysters for analyses were collected before
and nfter washing. The procedures followed in these experiments
are briefly described and tﬂe results obtained are given in Table 17.-
Datu on the solids and salt content of the meat and liguor of the
samples, before and after washing, nlso were obteined. Only the
determinations on the entire samples are given in the table.




TABLE 17.—Summary of results of oyster-washing ezxperimenis conducted at New Haven, Conn., and Prom'dence, R. 1., 1916-17

‘Whole sample
Liquor Cg;x:g‘pnfgrom

Loeality and experi- Solids Salt
ment No. pe Method of washing

Un- y Un- Un- - Un- oy
wished| ' ashed washed washed, Washed washed Washed] Bolids

Per cent{ Per cént) Per cent, Per cent| Per centj Per cent| Per cent| Per cent
Sprayed with hose 1 minute: stood in tub of water 1 hour. _ 86.48 | 9257 | 13.52 s 17,86 | 14.41 1,05 0. 56 {—19,31

Washed in blower 3 minutes; sprayed on skimmer Iminute.] 85.40 94.70 | - 14, 60 3 17.20 § 15.39 1.12 .48 1—-10.52
Blown in fresh water 3 minutes ; washed with running water.| 87.903 12,07 3 2106 |' 17.50 .87 +30 [=—16. 90
Blown in fresh water-3 minutes 88.70 11,30 20.97 | 18.77 .80 .28 [—10. 49

Blown for 5 minutes, with stream of fresh water running | 8560 3 14. 40 A 20.40 { - 17,51 +28 [—14.17
continuously through blower, . ’

Washed on skimmer ) minute; stood in tank of water, | 83,30 3 16.70 3 20.61 | 1828 —11. 40
with occasional stirring, 20 minutes. )

S[ﬁye(tl on skimmer 1 minute; blown in fresh water 5 [ 86,70 3 13.30 21.58 | 20.30 ~5.93

nutes, ;
Pr;]sseddalong riffle’ board over which water constantly | 8110 ., 18.90 18. 461 17.34 . —6.07
owed,

Oysters from expériment 7 collected in tank and agitated ). 81.10 . 18. 90 3 18.46 | 17.31 —6.23
with stream of fresh water until tank overflowed; wash-
ing continued 15 or 20 minutes.

Blown {n fresh water 3 minutes__ . 22,821 16.02 |—25.85

: i 22.82] 18.48 . -19.02

J, 22,821 20.91 -—8.36

Blown in tank through which fresh water constantly 3 16.16 | 13.01 —19. 44
flowed 5 minutes, '

Blown in fresh water 3 minutes : 19.97 | 14,14 —29.19
Sprayed on skimmer 1 minute; stood in weak brine 2 min- 3 X 21.50 | 19.80 ~7.90
utes; stirred a few times; some brine poured off; oysters .
again stood 5 minutes.

1 Blight loss, 1 None, 32 lots of oysters used.

dUALIA0IIOV 0 "LdAq 'S A ‘?9 NILITING TVOINHOEL
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Although the 11 experiments described can not be congidered a8
accurate scientifically, in that all the factors were not controlled,
they show the increases in volume and losses of solids and salt caused
by various washing methods. The results indicate that (1) salt and
solids are extracted from the oysters by any form of washing; (2)
when oysters are washed with fresh or salt water in tubs, or with
salt wuter in a blower, the volume increases very little; and (8} when
washed with fresh water in a blower the volume increuses greatly, It
is evident that the tub or blower method of washing, if carried to
excess, will cause ndulteration. If properly controlled, however,:
none of these methods of washing need cause serious adulteration
withi udded water.

As the water content of oysters varies somewhat with the region
in which they are grown and as different methods of washing are
practiced in different localities, experiments similar to those con-
ducted in New England were carvied out in New York and in the
vicinity of Chesapeake Bay. At nine establishments near Mew York,
in eight of which a blower was used, experiments under strictly com-
mercinl conditions weve conducted with oysters from Princess Bay.
The oysters were sprayed for about 1 minute on & skimmer and were
then blown for periods varying from 5 to 10 minutes.

The maximum loss of solids in any one experiment was 18.8 per
cent und the minimum logs was 4.5 per cent. The average loss of
solids in the nine experiments was 118 per cent. The maximum gain
in volume was 18 per cent and the minimum 4.2 per cent, or an aver-
age wain of 8.2 per cent. The salt was largely removed in the
washing process.

Of other experiments conducted near New York one indicated that
when 1 per cent salt solution is used in a blower the loss of solids is
about one-third and the gain in volume about one-fifth that obtained
when fresh water is used. Another showed that when the ratio of
oysters to water in the blower is increased the gain in volume is
greatly decreased.

In the Chesapeake Bay region the methods of shucking and wash-
ing differed greatly from those farther north. It is the practice in
the south Atlantic industry to shuck the oysters into buckets which
ave one-third to one-half full of fresh water. After being passed
over n skimmer the shucked oysters are collected in large tubs
pertially filled with fresh water. The collection of shucked oysters
1 these tubs is continued until 30 to 50 gallons have accumulated.
This means that some of the oysters are soaked in varying quantities
of fresh water for periods up to two to four hours.

In order to investigate the effect of such a process on the compo-
sition, samples were obtained before and after the washing process
from & number of shucking houses. The loss in solids during wash-
ing was determined, but no figures are available to show the gain
in_volume, if any. The effect of this method of washing on the
solids and salt content of the oysters and the percentages of solids
and salt present in unwashed oysters from the Chesapeake Bay
region are given in Table 18.

T8055°—28—4
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TapLe 18— Composition of Chesapeake Bay opsters before and. after washing

Locality Method of washing | Baitds™ | sa | Losin®

Tauglér Bound 1.

a v - + -
Tanjicr Scuud_ oo Potormue Hivert. .. - 19,7 ‘nu 213
Unwashed . ... __.__ .~ 17 P!
Potowine River 1. Waabed ._____ .. ___ 15.8 .15 0.8
. Blucked in water pod rinsed 17.8 .15 0.5
glf wﬂeﬂ ................ 5 214 B ¢ P,
i neked  in watsr o 20,1 14 &40
Povomokeplanbad._______________. minad.
Washex] 0.3 21 £
: Unwaghed . ______._____ """~ 18.7 A3 e
‘Fiabing Day 2. Bhucked in water____ .- 7 17.8 1 ‘4.8
. Washod 16.0 1 4.4

! Unwashod aystors shupked into dry containers, Llquor was drawn off before sampling.
¥ Washed oystors shucked ioto eontainers contuining wuter, then collerted in tabs of walur and 508
for varjouy lengths of time, dupstiding on faclory practice, ur probably not langer than 2 ar 8 haurs.

As it had been ohserved that unwashed oysters “bled ” or excreted
liquor more freely than washed oysters, experiments were con.’
ducted to study this more extensively. The results of these experi-
ments, based on washings in tubs and blowers, confirmed the conchu-
sion that unwashed oysters “bleed™” profusely as compared with
washed stock. Furthermore, when the original liguor was drawn off
and discarded the unwashed oysters continued to “ bleed ” and were
soon surrounded with more liquor. This “ bleeding * was stopped by
immersing the oysters in fresh wuter. '

This observation led to a laboratory experiment to determine how
long after shucking ¢ bleeding ” would continue snd to ascertain ‘the
composition of the excreted liquor. The more torn the .oyster meat,

e greater is the excretion of liquor. Therefore, careless opening,
which cuts and tears the meat, tends to increase the quantity of liqtior
thet wili separate on shucking, The experiment consisted in (1) sep-
arating the liquor within the shell, (2) separating the liquor ex-
creted during the shucking, (3) separating the ligquor that acculmu-
lated when the shucked oysters were allowed to stand for 30 minutes,
and (4) separating the residual liquor produced during the 20 Lours
following shucking, over and above that which had been removed
within the first 30 minutes after shucking. The quantity and compo-
sition. of these separated fractions are given in Table 19.

TapLp 18.—Quuntity and composilion of liguor within the oysier sliell nng pf
that cxereled during and after shucking :

Prapor-

Liquor Yoin | metiar | Ash | s | Reoteln
conienls

1 Percent | Percent | Per eont ¥ Per cent | Per cont
51 1.58-

Inghall___.. 243 2400 5 14
Exervied during shucklng. 122 3.2 L% L& .85
Excroted on standing 30 minutes_ .- -2 -0 07T 8.2 8. &7 L™ L52] . Lz23
Resldunt, separating duricg 20 hours after sianding 30

miottea. - - 20 4, 57 in 1,40 1.B8
Beparated oyster meats 30 tinutes aftershucking 12 ... __ L 176 PR ) I,

¢ Rupresented 66.6 per eent of the conlenta of shell 30 mivutes after shucking.
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v Apparently the first Hquor in the shell surrounding the:oysters
was largely: salt: water, containing little organic matter and a ve
smidl guantity of nitrogenous material. During the 30-minute stand-
ing period- the meats “bled ” freely, vesulting i the separation
of 262 per cent of liquor. During an additional 20-hour stand-
ing: period but little further ““bleeding ” occurred.” Tt is significaint
that the percentage of solid matter in the liquor .pm%'tréessw'ely -
iereased, 'until the last portion .of liquor examined after standing
for 20 hours dtad a solids content of 4.57 per cent. - The nitrogencus
constitaents had increased also until they represented neetly half of
the totul solids present. . : : SR
- Bhucked oysters as prepared for market are'never transported ‘for
iny distfince in their own liquor. After being washed in water they
are passed over u skimmer, the excess liquid is drained off, and the
oysters are packed “dry” in cans. Improper draining results in
adulteration. Water soembodied gradually takes up the solids until
it shows 2. .composition closely approximating that of the natural
‘liquor found in the shell at the time of shucking, Therefore it would
be extremely difficult to determine by examination of this liquid
whether it was, in fact, oyster liquor or unremoved wash wuter
unless the quantity of liquid that properly prepared oysters contained
after shipment was known. '
Accordingly, for the purpose of studying in a more elaborite way
the effect produced on volume and composition by various methods
of washing, as well as on the free liquor content produced by storage
and shipment, experiments were carried out during the oyster seasons
lof 1921 to 1924, inclusive. These were of three types: {1) Tub
washing and soaking experimeuts; (2) washing experiments, using
‘a blower; and {3} experiments to determine the effect on liquor con*
tent preduced by storage and shipment (p. 62). The results for
types 1. and 2 are given in Table 20, ST - :

. , L 2 1
TasLe X —Effoct of washing oysters in fubs and qu:h blowers.

Eource of oyaters Washiug process 9&1“;}; 153‘;’?:;? I?St.m I"ﬁd};ﬂ_mr on ;
FPer eend | Per cent | : N
2 geilons of pysters with 3 pollons 8.5 21,4
of waoter in tub, 114 hours. '
2 gellons of nysters with 3 gall 22,0
of watet in tob, 3 bonurs. !

i 2 gallons of oysters with 3 gatlona . . 26.0 Aplprédablu quan-
of water in fub, 43¢ boura, . ) tley,
Noppsemend Rldge, | 20 gailons of oysters with 50 gal- 3 15.0 Noze at cod of 1
Chuckeluck, Vo, lons of water in tub, 4 hours, hours.

stirred pvery 15 minutcs. i
Cront Wieorico® 20 gallons of oysters wlth 60 gal- 18.0 .7 | |Bmall quantity:
Rlvor, Md. . Ions of water In tub, 4 hours, ..

' not stirred. ‘

| b T 20 pallons of eysters with 50 gol- s 243 Do,

ions of water [z tub, 4 houm,

stirred froguently.

York River, Vo __| 20 golicos of oysterd with 50 gol-
S . tons of water in tub, & hours,

&
(2]

-
~
L=]
&
]

without stirdng,
2¢ gaoilons of oysters biown:
West Rlver-Choptank, 3 mintites

Itiver, Mebt

Do £ mintes _

Potomas River Fmnules s
] 4 minutys,

Buck River, Va Jwinuies.. ...
Baak River nod Mob- 8 imioites

Mjnck Bnﬁ' Vo
aurfco f\‘m‘, N.I_ 3 minuto
Do A mintes

——

BE @ehle o
(=R I N I ]
28 2BBR3 B
OO NS O

o

' Thess oysters wero thlin ood of poor (unlity.
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As in sll other washing experiments, there was some gain in
volume and some loss in solids. The gain in volume was inﬁenced
by the condition of the oysters, .Those used in the first and third
experiments with a blower were thin and did not absorb much
water, whereas those in the second and fourth experiments with the
blower were plump and gained greatly in volume. It was con-
cluded from the first tub-washing experiment that the loss in solids
was practically complete in three hours. The results of the third
tub-washing experiment indicnted that the gsin in volume can be
increased by sgitation of the oysters in the tub. In none of the eight
washing experiments was much free liquor excreted on standing.

Two experimenis in which oysters were washed in tubs and two
in which blowers were used were conducted in 1922 and 1923, with
the object of determining (1} the change in volume and composi-
tion of oysters subjected fo a reasonable commercial washing, (2)
any additional change by continuing the washing process until it
became in effect a soaking process, (3) the quantity of oyster solids
dissolved and carried off in the wash sater, and {4) how much of
the water absorbed during washing is permanently retained and will
not appesr as Iree liquor after shipment.

The two tub-washing experiments {No. 5 and No. 6} were con-
ducted along very similar lines. The only real difference between
them was that, in No. 6, owing to a scarcity of stock, it was necessary
to use, for the prolonged soaking period, a fresh lot of oysters on &
succeeding day.

In order to simulate commercial conditions wherein oysters are
allowed to collect and remain in tubs of fresh water from 2 to 4
hours, the oysters in experiment 5 were allowed to remain in tubs
of fresh water for 5 hours, being examined before washing, at the
end of 234 hours, and at the end of 5 hours. In experiment 6 they
were sonked for a longer period, being examined before washing, at
the end of 2 hours, and at the end of 6 hours. The oysters used in
experiment 5 were of unusually inferior quality, the meats being
attenusted and badly torn. Those used in experiment & were of
better quality.

In both experiments, before washing and at the end of each of
the soaking periods, various determinations were made on the oysters
snd the wash water. Each gallon of oysters was measured in a
standard gallon pot and weighed on accurate secales fo 0.01 ounce.
The solids in the oysters, in the hydrant water used for washing,
and in the resulting wash water were also determined. From the
results of these determinations the data presented i®Table 21 were
collected. In this table are given the maximum, minimum, and aver-
age weights per pallon of oysters before and after washing, the
computed gain in weight, and the computed gain in volume, the
loss in solids, and the computed quantity of water added during
washing.
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TapLn 21.—Changes in volume, weight, and solids contend of oysicrs during
toaghing processes

Welght per gallon

Ezporimont Bofore wushing Altet washing

Maxi- Mini-
mum mem

Mini-

Average ‘mum

Avernge

Tub woshing No. & Ounces | Qunces | Quneer Ounces | O
First wnktnf period__. .. 137 M. 135.82 133.33
Bocond sonking perlod . 3 134. 12

Tub washing No. &
Flrst sonking perlod__ . 135,15
Frolonged Eon 1m: porl 0 136. 42

Blowgr woehing No. 131, 51 . .

Blowor washlng No. & 135. 28 3 13715

Volume of eotire lot Welght of entiro lot

Exporimont Delora | Aller Before |- Aftor

wishi- | wash- Galn
\ng Ing washing | washing

Tub washing Ne. 5t G'fIHmIs Qulions] Gallons| Percent| Oumcesr
Flrst soakinr poriogd 2 80 | 1,385.5
Boceny soaking perio [N | 1.35 5.05
Totul sonking perlod. . ;128 3.35 | 13.4 |3,3855

Tub waslhing No. §:
Flrat sanking E[]rlud___ ' f 2.0 1.4 | 3,415.57 | 8,721 48
Prolongcd sonking erlud..-.. . 47 3.8 |3,435.23 3. 01,7

Blowur wisl No. & o0 ! 1 50 | 2,748.48

Blower wishing Ne. & 0 i 0.4 | 30 | 272467

Bolids in sample Holids Lo entire lot

Experituent
Before After Befom Alter Lass
waoshing | washing { washing | washing

T'ub woshing No, & Per cent | Per cent | Ounees
First souking perlod 13.37 10, 91 451,98
Bocond soaking period.. . 972
Total sonking perlod.. ., -] 453.98

Tub washiog No. G
First sonking peri . .43
Prolonged sonking poriod. . ... 5,4 (]

Blower woshiog No. 5

Blower washlng No. 6. i

Solids per average gallon

Water added

Experimont
Before Alter 1 durlng wnshing

washing { washing

Tub woshlng Mo, 5: Qurnces Ounces | Per cent | Qunces
First souking poriod__ 18.18 . 144 1.0 0324
Becend rosking perio . 10, B 213. 78
Total soaking period. - 18. 16 wv 51741

Tub wash!ng No. n‘
First sonking 18.72 2.8 7. 41
Prolonged so n; P . 313 650, 63

Rlower washing No. 5 . 1.7 164.08

Blowor wushing No. 8 i . . 11.6 88,85

t Qorrected te include one-fonrth gallon (34.81 ounces) withdrawn for sampla,
t Calculated from the toial splids content found by analysis,
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“"Although in tub-washing experiment 5, 12.5 per cent of this solids
was lost during the first washing peried, about three-fourths of this
consisted of insoluble material, such as shell, sand, and shreds of torn
meat. The quantity of solids abstracted by the second washing was
smaller than that removed during the first washing, but the actual
loss of oyster solids was greater. This is due to the fact that there
was very little insoluble material in the 24.5 ounces of solids ab-
tracted by the.sécond washing, In this experiment about 50 per
cent of the salt was removed in the first washing and nearly all of
it-in the second washing. - Tn tub-washing experiment 6 the: increaseg
in' -‘volumé:and weight and the loss of solids are soméwhat greater
than those in experiment 5. This may be explained by the difference
in the quality :OF the oysters. - The results 0%) these experiments indi-
cate that an ordinary commercial washing causes gain in volume,
addition of water, and removal of solids. Practically all the in-
soluble solids are removed by such ordinary washing. It is con-
cluded that excessive washing is not needed to remove sund and pieces
of shell. Prolonged washing caused a progressive reduction of solids.
Very little free liquor developed on the oysters after standing, indi-
cating that much of the added water was retained.

. The main differences in procedure between the two washing experi-
ments with a blower (No. 8 and No. 6) and the tub-washing experi-
tnents, except that a blower is used, were that only one washing
period was used in each experiment and mo figures covering the
analyses of the wash water were collected. Both blowing experi-
ments were alike except that in the first the time of blowing was five
minutes and in the second seven minutes. The oysters used in the
second blowing experiment were of poor quality and had recently
been frozen. ) .

In both sets of experiments there were gains in volume and weight,
addition of witter, and loss of solids, the latter being due to a leach-
Ing’ out of solids and not to an apparent decrease from dilution
with water. (Tables 22 and 23.) The results emphasize the*fact
‘that there is only o small inerease in volume when oysters of poor
'_ilualligy are soaked, but a marked loss of valuable gyster solids through
lepching. : .

TanLe 22—Quantity of solids present in wash water and derived from oysters
in tub-wcashing experiments

Bolubla | 8¢luble
‘ Solids I | SOMDIO | “sllas | ovster [olidstost| [asoluble
Experiiuent hydrunt S%nshn derived | solidsin | during |59 sd"'g‘
wator frotn wash | washiog [DO78C by
walor | oveters | water washingl
(frams per| Grama perfirams per| : ;
Ho. 5 Titer titer liter Ounces | Ounces | Ounces
. First genking period 0. 53 3.08 2,55 18.32 6.6 . 4k3l
e %econd sonking pericd. ....cesniomeeenn .53 2.79 22 21.92 2. 54 .02
[ .
. Fistsonking perlod_......... YR 0f 5.19 51 .28 67,560 | 35,22
Prolonged sonking period. oo .08 501 4.92 40.2 7. 16 50, 5%

1 Insoluble sollds consisted of shell, sand, shredded meat, ote,
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TanLe 23—EBffect of washing on composiiion of oysters

»

T

_ Meat Liguor | -Emihe. 4., .
Method and matesial [,Fre0 Lig- , L

liquar|
Bolids| Salt {Solids| Salt | Solids| Bait

T'ub washloy MNo. & Per | Per | Per | Per | Per |
Oystors belore wadh- cent cent | cend | tent
Beempmrmmnmmnnnmes ] 13.37
Oysters  after  flrst
wishing 3 L05 [ 3.48 [ G 15 ¢ 10.91
.Qyslors altor second .
° washln .2 3.74; .08| 9.72
Twa l-gollon cans of 3 . :
goikod oystors._.. .
Hydrantwater_ .,
Flrst wosh waoler
‘Hocond wash watar.
Tul washlzg Ne. 6:
Ovaters balore 2-howr |
twpskhing. ., ;
Oyatars altar 2-hour
aahi ’

Hydrant wotor
Z-hgur wosh water
4-kour wash weler__
Dlower washing No. b:
Oi'stc.rs beforo blow- : 08

ng 3 . N
Oystersalter blowing | 4. : 5 )
Blowar washing No. ¢:
Oysters before blow-

RN
AETE A I

1 Almost none visibla, * Not sepoarated. 1 5mall quantlty. - +Troce. . Y Nome;. -,

B A

In all of the washing experiments so far discussed the.coraputas .
tion of water added has been made on the basis of gain in volume .
and in weight rather than on the basis of the difference hetween the.
solids in the original material and those in the washed material. In,
blower experiment 5, analyses of the oysters before and after wash;;
ing showed a loss in solids of 16.8 per cent. Weighings before and..
after blowing, however, showed that these oysters did not take up:
16.8 per cent of water but that the quantity of water actually incor-,
porated was about 6 per cent. T(Le fallacy of computing water
added by solids lost is apparent, as it is based on.the supposition,
that the apparent reduction in. solids is due entirely to dilution.
with water and does not take into account the actual loss of soluble;
solids removed in the wash water. PR

WHAT CONSTITUTES GOOD WASHING -_. 1

During any effective washing process there is some gain in volime
and some loss in solids and salt of shucked oysters. These changes’
depend upon so many factors that it is difficult to conclude, in one.
general statement, just what constifutes a prolper washing without

adnlteration with water. The following conclusions, however, ‘ean
bé klﬁied within certain limits: - o R

1. In oysters subjected to a reasonable washing with fresh water,’
gains in volume from 3 to 10 per cent or more may take'place, de-
pending upon the original condition of the oysters, whether fat or
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lean, upon the apparatus used, and upon the duration of the washing

etiod. Af the same time there may be losses in solids varying
¥rom 8 or 9 to 18 or 14 per cent or more. Usually more than half
of the salt in the oysters is removed. Th. vse of a blower causes
less gain in volume and a smaller loss in solids than the use of tubs,
provided the blewing is not continued too long and the oysters are
not allowed to remain in the wash water after the blowing period is
ended. Furthermore, the use of a weak brine (about 0.5 to 1.5 per
cent sult solution) results in reducing the volume and causing an
appavent increase in solids content.

2. Whett the oysters are subjected to a prolonged washing, which
actually constitutes s soaking process, there is a further gain in
volume and loss in solids and salt. During such a soaking process
the loss in solids is mostly a removal of soluble solids, as the shell
pieces, sand, etc., are removed early in the washing process. Im
other words, a prolonged washing is not necessary to remove objec-
tionable insoluble matter. Once such material is removed the addi-
tional washing continues to remove solids from the oysters,

3. Solids are removed from the oysters by fhe wash water.
{Table 23.)

4. The greater part of the water absorbed by oysters is retained
during shipping and subsequent standing.

In addition to incressing the volume of the oysters, adding water,
and removing valuable solids, excessive washimg takes away the
sea tang and fine flavor which has long placed oysters at the fop of
the list of popular sea foods. Contintied contact with fresh water
destroys their more desirable physical characteristics. The rich,
creamy yellow color and firm texture disappear and the oysters be-
come chalky white, bloated, and puffed, with soft, spongy tissues.
On cooking, such oysters rapidly diminish to less than their original
size and the meat becomes tough and almost devoid of taste. Their
nuiritive value is necessarily lowered by soaking in fresh water,
which removes large quantities of the soluble nitrogenous compounds
and carbohydrates. It seems probable that their digestibility is
also lowered, ns the remaining solids are the tougher muscular and
fibrous tissues, which probably sre less easily digested than the
more soluble ingredients removed by excessive washing,

Under the terms of the Federal food and drugs act (91), it was the
duty of the Bureau of Chemistry to prevent the sale of adulterated
{oods and to protect the consuming public from frand. Oysters lend
themselves readily to adulteration with water. Tt is very difficult to
draw o line between proper washing, which will produce a cleam,
marketable foodstuff, and soaking, which brings about adulteration
with water. At the same time washing is a necessary operation, which
can not be done without some loss of food constituents and addition
of water. .

From the bacteriological standpoint, the best cleansing is performed
by the use of a blower. From the chemical standpoint, the nse of
& blower for about three minutes, & weak brine {about 0.5 per cent)
being used as & washing medium, produces the least change in volume
and solids content. The most efficient and safest method of washing
oysters is by using a blower with salt water.
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SHIPPING OYSTERS

CAUSE OF DECOMPGBITION

Products having s high water content invariably spoil more rapidly
than drier materials, As the development of bacterin and other
microorganisms responsible for the decomposition of foods is favored
by the presence of moisture, any food containing a high percentage of
water is extremely perishable.  Therefore, in handling und shipping
oysters precautions to prevent spoilage of the product between the
time of shipment and the time of consumption are necessary.

In this connection it is not illogical to compare oysters with milk.
Botb decompose rapidly if not handied properly. Frequently each
is cousumed in the raw state und each is capable of supporting the
srowth of disease-producing bacteria unless precautions are taken
to prevent the access of such organisms to the food or to eliminate
them. The hygienic principies of handling ordimarily applied to
milk apply to shucked oysters.

Oysters in the shell will remmin in good condition as long as they
live. By means of its strong adductor muscle an oyster out of water
keeps its shell closed tight most of the time, although occasionally
oysters in a suck or barrel open their shells shightly during shipment
or stornge. If still alive such oysters close their shells quickly when
distnrbed. When the oyster dies the adductor muscle is relaxed and
the shell remuins open. Dead oysters decompose rapidly, one de-
composing oyster serving as a source of contamination to the entire
lot in the shipping container. Kept in n cool place shell oysters will
remmain alive and in edible condition for comparutively long periods.

The real bacteriological problem in shipping oysters is met in the
handling and storage of shucked oysters subsequent to their treat-
ment in the shucking house. -

In products having a high carbohydrate content the predeminat-
ing type of spoilage is fermentntion. Xn protein products, such as
ment and fish, it is putrefaction. Oysters contain both protein and
earbohydrate (glycogen), so that during decomposition fermentation
ns well as putrefaction takes place. After the death of the oyster,
which occurs soon after shucking, the glycogen present is hydrolyzed
to Emducc reducing sugars., These sugars are readily fermentable
by bacteria of many species. The fermentation is productive of acid,
mainly lactic acid, and “sour ” oysters. Although the production
of gas, acid, and a characteristic odor in decomposed oysters is re-
sponsible for their designation as sour oysters, putrefaction is alse
taking place.

An investigation by Hunter and Linden (48) showed that no
relation exists between the total number of aerobic bacteria present
and the condition of the oysters. As many as 80,000,000 nerobic
bucterin per cubic centimeter of oyster liquor were found in oysters
that were in good gondition, as far as decomposition was concerned.
Only 12,000 nerobic bacteria per cubic centimeter of liquor were
found in others considered, because of odor and appearance, to be in
an incipient state of decomposition. The factors involved Influence
the bacterial count tremendously. If oysters taken during the hiber-
neting season are studied, the number of serobic bacteria present is
mauch smaller than when nonhibernating oysters are studied. The
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introduction, during shucking, of bacteria that are not removed by
washing provides a high count of microorganisms, even when the
oysters ave fresh and in good condition. It is, therefore, futile to
attempt to grade oysters as to decomposition by the use of bacterisl
counts. It was apparent from this study that the spoilage of oysters
‘depends upon the presence and development of bacteria of certain
iLypes or groups rather than upon the total number of organisms
-present. % was evident that the total number of aerobic bacteria
present was not .as significant in judging the quality of shucked
oysters as might be the numbers of bacteria of certain groups or
species ‘which cause fermentation or putrefaction.

‘Further experiments to determine the types or groups of bacteria
responsible for decomposition of shucked oysters showed that certain
bacteria:isoluted from decomposing shucked oysters, when introduced
In_pure sculture into an oyster medium, produced foul, putrefactive
.adors. These organisms were identified as members of the geners
Serratin* (water and soil bacterta producing red pigment), Pseu-
domonans (soil and water bacterin producing a blue-green pigment),
Proteus, Clostridium (spore-forming obligate anaercbes), and
Bacillus (aerobic spore-forming bacterin). Certain other micro-
worganisms produced acidity or sour odor, or both, in pure cultures
grown in oyster medium. The microorgenisms were members of the
Inctose-fermenting group of bacteria, such as Aerobacter aerogenes,
A. cloacae wnd Esoherischia coli, lactobacilli, streptococci, and yeasts,
A great many other water and soil bacteria, which appn,rend};' had
-no eflect upon oysters, were isolated from the decomposing material,
The majority belonged to the genera Achromobucter, Eberthella, and
Flnvobactermum.

A study indicated that the decomposition of shucked oysters in the
beginning is due to the nctivities of some members of the Serratia,
Psendomonas, Proteus, Clostridium, Bacillus, Aerobacter, and
Escherischia groups of bucterin. Later in the course of the spoilage
streptococei, lactobacilli, and yeasts find more suitable conditions for
development, until in the very late stages of decomposition the high
dilution plate cultures made from the oysters, which became very
sour and pufrid, contained nlmost exclusively colonies of these three
groups of organisms.

The information now at hand, which may be changed by further
research, indicates that both fermenfation and putrefaction take
place -during the decomposition of oysters and that the spoilage isg
due to the action of ordinary water and soil bacteria, with such
intestinal bacteria as may be present from pollution with sewage.

RATE OF DECOMPOSITION

The rapidity with which shucked oysters decompose depends upon
‘the conditions nnder which they are handled. The fact that shucked
oysters are a perishable product means that spoilage advances very
quickly unless precautions arve taken to prevent it. The results of
laboratory experiments to determine the effect of widshing in fresh
water and brine und of the use of ice upon the keeping quality of
shucked oysters are given in Table 24. )

: #{The momenclature for bacterin nd presented in Dorgey's Mannel of Determsioative
Baeteriology by o comurittee of the Soclety of American Bacterlologista (80) la uped.
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TanLe 24 —Relation betweon treatment of oysters and time gnd progresg of
. - e “apuilape ’ ’ S

el

EXPERIMENT 1 (OYSTERH QONSTANTLY IN IQE; TEMPERATURES @ TO 5° '?;'), H

Dey of | Day of
storpge | stornge

gtnr Trintment of oysiers og;;’g? ?g;;&%h
p\ : boeapto | ‘hecame

state sour -1

1 1 Bheils unwashed; oystors wiwahod

Bhells unwashed; oysters washied fn frosh woter_
- Bhalls unwashed; oysters wasinedg o brine.
Bhods washotl; nystera nowashisd
Rhwlis wasiied; oystors woghed In freab water
Bhelly wadhiod; oystors wushed 1n brine

EXPERIMENT 2 (N0 ICE USED; TEMPERATURES 57 TO M°* F.}

Bhells unwoshed; oysters unweshed

Shetts uowashod] oysters washed [n fresh water.
Shells anwoshol; oysters washed 1o brine

Bhclls wushed; oysters unwushed

Shells washicd; oyators wushed ju fresh water
Bliells woslp!; oyators washiod in brine

EXPERIMENT 3 (ICED ON ALTERNATE DAYS; TEMPERATURES 48 TO 7

13 | Shells vowushed; ovatars unwoshed .
14 § Bholly unwashed; oysters washed in fresh weler...
15 | Bheils unwashod; oysters washed in brluc
1 | Bhiells wosted; systars unwoshd

17 | Sheils woshed; oysters washed In {resh water
18 } Bhells washied; ovsters washied in brino

EXPERIMENT 4 (NO ICE USED; TEMPERATURES 46 TO 65° F.}

1% | Bheils unwashed; oysters anwashed
20 | Bhells unwashed; oyalers washed in [resh watero o
21 1 Shells unwushed: oyaters wasiied 1o brine

Apparently the washing, before and after shucking, had little
effect upon the keeping quality. The oysters became stale or sour
on aboub the sume day, regardless of the methed of washing. Where
ice was used constuntly the oysters developed a slightly abnormal
odor on the third and fourth days, but remained in this condition
until the tenth, twelfth, and fourteenth days. These oysters did not,
in the late stages of decomposition, develop the characteristic sour
odor and gassy appearance of badly decomposed oysters, but de-
veloped o strong, rank, disagreeable odor and a milky appearance.

In cases where no ice was used the oysters changded very rapidly
from normal to a condition described as stale and within three or
four days after shucking to o sour-smelling, nauseating, gassy, and
milky appearing condition, unmistakably characteristic of spoiled
oysters. '

' yThe use of ice on alternate days simply retarded temporarily the
growth of the bucteria causing spoilage, but the progress of the
decomposition on the days when no ice was used was so rapid that the
spoilage proceeded grudually, regavdless of the temperature. A con-
dition of sourness was reached on the seventh or eighth day. It is
evident that rapid spoilage takes place unless oysters ave held af the
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proper refrigerating temperatures. If shucked oysters are handled
properly during shipment and storage, they can be shipped from the
Atlantic coast to points in the Middle West.

DETECTION OF SPOILAGE

Probably the best method of detecting spoilage in shucked oysters
is by the use of the senses of smell and sight; that is, the so-called
organoleptic test. Decomposed oysters have a characteristic odor
and uppearance that is unmistakuble to any one familinr with the
fresh product. Certainly no other test is needed for the detection of
spoilage in oysters that have reached an advanced stage of decom-
position. It is not unusual, however, to find shucked oysters that have
pnssed from the perfe-tly fresh stage to the incipient stages of de-
composition. In judg’ . the quality of such oysters, which, for the
lack of u better word, have been designated as “stale,” there is oppor-
tunity for personal opinion, likes, and dislikes to play a part. In
view of this, Hunter and Linden (48) attempted to correlate some
definite laboratory test with the physical condition of the oysters.
An attempt to establish & relutionship between the total counts of
bucterina and the condition of the oysters failed (p. 57). A study
of the relationship between the hydrogen-ion concentration of oyster
Liquor and the stage of decomposition was more productive of
results. The hydrogen-ion concentration of the oyster liquor was de-
termined, as accurately us the method would permit, by testing, in
a porcelain plate, & drop of the liquor with certain hydrogen-ion
indicators desecribed by Clark and Lubs (28}, The results of these
tests are given in Table 25.

Tarie I5.—Ldmiting pH valuer for good, stale, and sour opsters

EXPERIMENT 1

pH values
e Treatment Slight}
o. Gaod Stale e | Bour
oysters aysters oystura ayaters
1 | Shells vnwashed; oystors upwealod.. . 6.8-6.05 | 0.05-5.3 E3D.0) 5040
2§ Shells unwashed; oyslers washed In frest wulero_ . 6081561555 55 -5
3 | 8helis unwashed; oystors woshed in brine .. _________ 62-0.0 | B0 525 |oo e £.26-5.0
4 | Sholls winshad; oysters unwashed____._____. smaa| G800 15 | 4 i5-5.4 64-53| LD-52
5 | Shells wished; ovsters woshed in fresh wute —mea| G G=0.05 | B 0552 5251 51
G | Sholls wndbed; oysturs wosherl In bringe e o ceeceeeeao 0.3-0.0 (60-52 5250| 6.0
EXPERIMENT 2
7 | Shells unwashed; oysters unwashed .. ] TG |86 -50 feeooooioo. 50-4.7
B Sholls unwushed; oysters washed in fresh wator. 6. 8-6.15 | 0 15-4.75 [..___...| 4. 7547
% | 8hells unwnshed; oysters woshed {n hrine ... i 7-4. 5.8 -4.B 4B -47
i { Shells woshed; oysters mnwoshed . ___ T 6. 25-4.9 4.0 4.7
A1 | Shells washed; oysters woshied in fresh water 4 [ Ny 3 4.764.7
12 | dhells washed; oysters washed in brine...... a. 6140 Jeeeas .0 4.7
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Tapre 25.—ILdmdting s values for good, stale, and sour oystera—Continued
EXPERIMENT 3

pH values

Slightly
sayr
oyylens

Stailn
aysters

2o
EY
-]

5K

Sholls nnwaahad; opstors anwashol

Shells unweshot; opstens washed in fresh water
Sholls unwashad; oystory washed lg brine. .
Hhells washat; oysters wrwashed

dhelly wiahad; oyaters washod In frish wate
Bhwlly waslhiad; oysters whshed in briog

gt
B2 B G2 k3w B
Rt R X
PPN P |

EXPERIMENT

Shells unwaahod; oysters unwnsbod ne-5.8 |0 .
20 | Shells wnwnshied; eystars washod in fresh water ... L850 | & ,
21 1 Shulls unwashed; oysters wnshed o brine G548 |5 .

The limiting hydrogen-ion concentration values, which were fuirly
definite, may be of some assistance in determining the quality of
shucked oysters. A hydrogen-ion concentration value between 5.6
and 6.1 apparently represents a zone wherein oysters are passing
from good {o stale. Opysters passing from stale to sour or putrid ha
hydrogen-ion concentration values between 4.9 and 5.3. Oysters
having & hydrogen-ion concentration of less than 5.0 may be con-
sidered usuanlly te be in an advanced stage of decomposition. The
limited number of determinations and the restricted area from which
the oysters used were collected do not justify the unqualified state-
ment that these hydrogen-ion concentration values may be applied
to shucked oysters from ull loculities handled under aﬁ conditions.
The results obtained, however, were consistent enough to indicate that
the hydrogen-ion concentrations given are significant and may be
of value in examining shucked oysters of questionable quality.

PREVENTION OF SPOILAGE

In order to prevent spoilage during shipment shucked oysters
must be kept at temperatures low enough to prevent, or at least to
retard, the development of microorganisms (15, 7). Shucked oys-
ters shipped and stored at temperatures below 50° F., preferably
below 45°, should reach the consumer in good condition. Washing
has a decided effect upon the quality of shucked oysters, especially
on the number of organisms present (p. 47}, but it is impossible to
free oysters entirely of bacteria by washing {p. 47). The two main
factors in the prevention of spoiluge are the avoidance of contami-
nation and the liberal use of ice.

Modern methods of shipping shucked oysters in nonreturnable
containers have done sway with the objectionable practice of placing
ice in contact with the oysters. Oysters are now packed “dry” in
1, 2, or 5 gallon tin cans fitted with friction tops and in quart and
pint containers. These cans, which are cylindrical, are placed in
rectangular or square wooden boxes or in barrels. Below and above
the can, and in the corners nround it, is placed plenty of crushed ice,
which does not come in contact with the oysters but keeps them
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cooled to the desired temperature if they are re-iced, as they should
be, during transit. Unless shucked oysters are to be kept'in a re-
frigerator or cold-storage plant in the retail store, the same prin-
ciple of refrigeration shoufd be applied there as during shipment,
Ice should not be added directly to the oysters, but they should be
kept in suitable metal containers surrounded by ice. Carelessness.
on the part of the retailer may nullify all the efforts which have
been taken in preparing the product.

BIGNIFICANCE OF " FREE LIGQUOR”

In commercial practice theve is ulways the possibility that draining
and skimming may not be properly carried out and that quantities of
wash water may be carried into the shipping container to adulterate
the oysters during shipment and storage. Many experiments wers
conducted in the Buresu of Chemistrﬁ to determine the effect of
ndding known quantities of water to shueled stock in the shipping
container. For example, four experiments were undertaken to nscer-
tain whether or not properly skimmed oysters developed free liquor
during shipment or storage und to determine how far oysters if
udulterated with fresh water, either through deliberate intent or as
u result of improper draining, would absorb this excess of liquid,
during storage or shipment. . _'

In each experiment properly skimmed, “ dry * oysters were packed -
in 1-gallon iriction-top cans. Other cans were filled with oysters’
from the same batch, known quantities of water being added. In each
experiment four sets of two cans each were prepered. (Table26,) In
the first and fourth experiments hydrant water was used as an
adulterant. In the second and third experiments wash water from a
blower was used, as it was assumed that improperly drained oysters
would be adulterated with such a solution ofp oyster solids, The cans
in the first experiment were shipped direct from Norfolk, Va., to
Bnltimore, Md. Those in the cther three experiments were shipped
from Crisfield, Md., and from Norfolk, Va., to Baltimore, Md., via
Buffulo, N. Y., where they were re-iced. '

In examining the oysters after shipment n record was taken of
their appearance and determinations were made of the quantity of
free liquor and the percentage of solids and salt in the entire sumple.
The data collected are presented in Table 26. '

TABLE 28—Appoarunce of and quartity of free liquor, solide, and salt in washed
: and droivied shucked oyeters to whicl water 1oas added

“DRY" OYSTERS (BACK RIVER AND MOBJACE BAY STANDARbSJ:I

Coudition after shipment

Method of Lreating

Frea : . Decrense
Apenranca liquor Solida?| Salt! in solids

FPer cent| Per cent| Per cendl Per cent

N water added {5 i Back litie free iquor on Jf wse| o] eo
13.78 .18 5.2

Plug 5 per cent hydrant water do__.
Plus 10 per pextt hydrant water. [5‘311‘I pnck; some free muci- 2| .15 %1
12 48 .14 13.9

-
L]

laginons Hguor on surfure.
Pluz15percont hydmnt wator da

1 Delerwiivalions made on cotlire spple,

bl ol Sl S =]
I b e
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agre 06— Appearance of and guentity.of free Hquor, solids, and sali in soeshed
and drained shucked oysters to which waeler was added—Continued

‘«DRY" OYSTERS {GREAT WIOOMICO STANDARDE)

Condition after shipmoent

Mothod of treating

* ADDearniod Solidalf Eali:

Deoresse
iz solids

Free
llgquor

§
8
3

Per-cent\ Prr cent| Per cend
13.70 0.63 [1%4]

120 R .4
11.39 .03 0.8

Mo watel ndiled e Borme frec Jquor on surfaco

Pua 10 per cont water takon | Froo lquor, about 1inch deop,
from blower nfter woshlng. on suT{ace.

Plus i6 por cont water tnken | LoTpe quantlty of Iree Hauor;
trom hlowar nlter washing. ioppy iml:k‘

Mug 20 |l:or cant waler taken | About 2 inchos of free iguor
fronn blower witer woshing, on surface; sloppy hack.

EEHN~

g
W Al

Yw) .ol s

“DRY" OYSTERS (YORE RIVER STANPARDS)

11
} 0.5
} 9.0

“DRY" OYSTERS (JAMES RIVER S8ELECTE)

No water nided [Balld pack; very littla freo lig-

s 5 uor vialblo.

£lug 10 por eoul waler tnken |,

{row blower nifer wnshing. Som frea linuor on surfaco... ..

Plua 13 {mr cent waler taken | Much free lguor; somewhat
Lrowm inowor silor washing., gloppy.

Flua 20 rur cont wador tnkon { Large qunntity of free liquer;
from blowor alter washing. slopny pock.

SBEEEEe e
A0 SRR

No water pdded Freoltguaer, abont i Inch deop, ai
. on surfsea.
Plus 16 percant hydrnt water.| Free Yguor, about 1 hoch deen, | 134
on surinece.
Flus 15 por cent hydraut wator | Free fhgaor, abeut 14 loches | 207
deop, an surface,
Plus 20 per cond hydrant water{ Freo Hguer, nbout 2 ioches | 24.0
deep, of suringe,

1 Dolerminntions made on cnilro snmplo,
1 Phese systars woro frezon butween hacking aad sxnmination.

In experiments 2 and 3 the added wash water was not absorbed
s in experiment 1, where the maximum guantity of free liquor was
5.1 per cent in the samples adulterated with 15 per cent added sater.
This may be explained by the use as an adulterant, in experiments 2
and 3, of u liquid whick already contained oyster solids and was not
easily sbsorbed, and by the fact that the oysters in these experiments
were:of low solids content. :

Several conclusions may be drawn from these experiments. If
plump, fat-oysters of fairly high solids content are used, a reasonable
tuantity of water added as an adulterant will be abserbed and re-
tained, not to be given up as free liquor upon storage. The added
water will dissolve oyster solids and will become, in fact, o thick,
viscous solution of soluble oyster material. The detection of such
adulteration by chemical analysis is diffieult. If lean oysters of
fairly low solids content are used, the added water is not absorbed

and ean readily be detected as free liquor after storage. In such
enses the quantity of free liquor is proportionate to and may equal
the quantity of water added. Even oysters fo which no water has
been intentionally added will develop some free liquor upon stand-
*.jiag, but this is rarely in excess of 5 per cent by weight, a fair aver-
age for the quantity of free liquor on properly washed and packed
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oysters. When only small quantities of water are added a higher
proportion is sbsorbed than when large quantities are added. Data
at hand indicate that oysters showing free liquor in excess of 10 per
cent by volume are adulterated with water. “As oysters do not nor-
mally develop much more than 5 per cent of free liquor, it is safe
to state that 10 per cent indicates adulteration. As the solids, salt,
and moisture contents vary greatly with the locality and with the
season of the year, making it difficult always to detect adulteration
with water by moisture and sult determinations, it is probable that
the examinntion of shucked oysters for free liquor is a more relinble
means of detecting adulteration. At least, such determinations are
confirmatory of results obtained by examining them for total solids
and salt.
GREEN QYSTERS

Probably no phase of the biology of the oyster has been subject to
more controversy than has the subject of green oysters. Some of the
early investigators stated that the green coloration in oysters was due
to the presence of copper. Others contradicted this statement. This
diversity of opinion is explained, to n great extent, by the fact that
the oysters used for study were from different sources and that the
green color was not the same in all the oysters used. When the exist-
ence of more than one type of green oysters was finally established
there nppeared to be more agreement among biologists regarding
the cause of ench type.

It is now known that there are two distinct types of green oysters.
In one the color is distributed in strenks ard patches over the liver
or the visceral part of the body. Sometimes the entire body has a
greenish tinge.  This light bluish green, suggestive of the color of
certein copper salts, led to investigations to prove that it was due
to the presence of copper in the body of the oyster.

In the other type of green oyster the color is restricted to the gills
and muntle. The coloration in such oysters is usually dark olive green,
somewhat suggestive of chlorophyll.” Oysters exhibiting this condi-
tion are referred to us green gilled, green bearded, or green finned.

COLORED BY COYPER

Prior to 1894, many of the investigations reported in the literature
appenr- to have been conducted as attacks upon the popuiar theory
that the greening of oysters was due to copper. In 1894, Bulstrade
(81} reported that oysters from Falmouth and Truro, England,
which sﬁowed the bluish-green coloration in patches, were entirely
different from those from Marennes, France, in which the green color
was restricted to the gills or mantle. Samples of the blue-green
oysters were collected by Bulstrode, who sent them to Thorpe for
analysis. Thorpe (84} stated that “there is no question that the
greenness of certain oysters, especially of those found in Falmouth
and Fruro waters, is due to copper.” Herdman and Boyce (42) found
copper in quantities up to four times the normal in green American
oysters. The copper reaction coincided histologically with the pres-
ence of green granular leucocytes. Consequently, the copper was
regarded as the cause of the green color. The in vestigators also found
that the copper content of normal * white * European oysters varied
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from 0.25 to 0.66 milligram per oyster, with an average of about
0.4 milligram. Oysters exhibiting green patches on the body con-
tained 8.52 milligrams of copper, about nine times that found in
the normal oyster. Green American oysters contained 2.63 milligrams
of copper per oyster; normal oysters from the same source contained
ouly 0.7 milligram of copper. By microchemical methods Herdman

Boyce demonstrated the presence of excessive quantities of cop-
per in the green tissues of American oysters, Experiments in which
certain metallic salts were added to the water in which oysters were
Hoated were not successful in producing the green color, although
there were some indications of green color in the floated oysters. As
a vesult of their work, Herdman and Boyce were positive that the
bluish-green color appeiring in spots on the body of the American
and English oyster was due to copper,

Pease (69), Nelson {65), and some others were equaily positive
that this green color was not due to copper. Pease reported that
all oysters contain some copper and that of 60 samples examined in
his Inboratory the copper content varied from 2 to 782 milligrams
per 1,000 grams. The smallest quantity of copper in green oysters
was 107 milligrams per 1,000 grams of oyster and the greatest in
normal oysters was 205 milligrams per 1,000 grams. In other words,
normal cysters sometimes contain more copper than do §reen oysters.
Pease stated that high copper content and greening always appear
together in oysters, the average copper content for all green oysters
bemng 391 milligrams per 1,000 grams and the average for all normal
oysters only 49 milligrams per 1,000 grams. Nelson believed that the
green color was not due to copper, even though he found in green
oysters four or five times as much copper as was found in normal
oysters,

In 1917, Stewart (unpublished report) stated that the bluish-green
color which permeates the entire body of the oyster is undoubtedly
due to the presence of copper in excess of the normal amount.

The preponderance of the evidence reported in the literature favors
the view that the bluish-green color in patches on the bodies of
oysters is due to the presence of an excessively large quantity of
copper. The source of the copper in the sea water can not be satis-
factorily explained. It has been suggested that it is derived from
trade wastes, from the copper bottoms of vessels, from drainage
through copper-bearing soil, and from other sources. Regardless
of the source, however, there is no doubt that comparatively large
quantities occur in green oysters. This green color is nof easily
removed from the body of the shellifish. Green oysters transplanted
to other waters than those in which they were grown remain green
for long periods of time. _

The question of injury to health from the consumption of oysters
containing copper is also an open one. Many investigators have
clnimed that the guantity of copper present is too minute to be
injurious unless a great man,i: more oysters are eaten than are usually
consumed by one person. The principal objections to such oysters
have been their appearance and peculiar taste. Stewart (unpublished
report) stated that he had eaten oysters containing as much as 1,000
parts per million of copper with no apparent discomfort. However,

T8055°—28——3
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it can not be recommended that oysters containing much copper
be caten. Until more information is obtained regarding possible
dunger to health from copper-green oysters, it is probably well to
view such shellfish with suspicion.

UREEN GILLED

Oysters exhibiting a dark-green coloration in the gills and mantle
have been known and relished for a long time in France. Such
oysters, called  huitres de Murennes,” were produced artificially in
tanks or “claires,” as they brought a higher price in the French
market than did the normal white oysters. In comparatively recent

ears green-gilled oysters have been recognized in the United States,
Eut not with the favor shown them in Europe. TIn the United States
green-gilled oysters arc usually viewed with suspicion by the con-
sumer and hence are almost unmarketable.

As carly as 1820 Gaillon (38) published a report of his studies on
rreen-gilled oysters. Later many biologists, including Puységur
72), Ryder (78), Lankester (59), Bulstrode (£1), and Herdman and

Boyce {42) confirmed Gaillon’s conclusion that the green coloration
in the gills of the oyster is due to the presence of the diatom Navicula
ostreuris,

In the fall and early winter of 1915, the appearance of green-gilled
oysters in Lynnhaven Bay, Va., led the United States Bureau of

isheries to conduct investigations to learn whether or not these
oysters were identical with those of Marennes. Mitchell and Barney
(63) concluded that the Chesapeake green-gilled oyster was the same
as the Marennes oyster.

Apparently investigators agree that the color is due to the inges-
tion of distoms by oysters, not to the presence of iron or copper.
They agree also that such greening does not make the oysters
injurious to health and that, if the prejudice of the public for such
an sbnormal-appearing product can be overcome, there is no renson
why green-gilled oysters should not find as ready a market as white
oysters. The sanitary quality of the oysters can not be correlated
with the green color of the gills, as this color may appear in fresh,
wholesoms shelldsh from unpolluted sources. In the United States
it is simply a case of nature producing what is sought by artificial
means in Krance.

As it is well established that the color in green-gilled oysters is due
to microscopic plants, which are not injurious when eaten, and as
the presence of this color in no way indicates that the oysters are
either decomposed or polluted, there can be no objection to the sale
of green-gilled oysters because they are green. The standards for
decomposition and pollution that are applied to all other oysters
should be applied to green oysters, no matter whether their color is
due to copper or to the presence of the diatom Navicula fusiformis
var. ostreaiia. .

PINK OYSTERS

The production of a pink color in shucked oysters during transit
or storage, even at low temperature, is freguently the cause o serious
financial loss to shippers and dealers. In 1914, Bates and Round
suggested that this pink color was produced by a yeastlike fungus.




BAOTERIOLOGY AND CHEMISTRY OF OYSTERS 67

A detailed report of the cause of the pink color, with suggestions for
its control, wag later presented by Hunter (47). )

Upon reaching their destination oysters shipped from points on
the Atlantic coast to the Middle West often show a coral pink or
reddish color in the liquor or on the meat. Sometimes this color
is not evident to the jobber or distributor who receives the oysters
anbout twe days after shucking and who repacks and reships them to
retailers in his territory. Neither does the color appear immediately
after shucking and before shipping. Investigation demonstrated
that the color was due to the development of pink yeast, which
grows readily and produces pigment at low temperatures. The
color produced in the oysters has been variously reported as a bright
red or a faint pink. The prevailing shade seemns to be a coral pink.

After the cause of the color had been determined, studies were
conducted fo ascertain the source of the contamination and to find
some method of control. The pink yeast was found on the bing,
benches, tubs, wheelbarrows, and other utensils in and about the
oyster-shucking house. It was particularly abundant in the accu.
rmulated dust and dirt within the bins. The yeast could be re-
covered also from oysters, especially after they had heen in contact
with infected objects, Although the yeast was present in oysters
taken directly from the growing areas, the number of such organ-
isns was very small. The results indicated that the chance of con.
tamination was far greater within the shucking house than on the
beds. Repeated examinations of samples of surface and hottom
water from near the oyster-growing areas rarely revealed the pres-
ence of the pink yeast. Samples of water collected while shells
from the shucking Louse were being spread on the beds to serve
as cultch for the collection of oyster spat contained the pink yeast.
It was indicated that the yeuast collected on the shells during han-
dling in the shucking house were being returned to the waters from
which oysters were being taken. It was impossible to recover the
gink yeust from samples of mud and sand coliected from the oyster

eds.

The yeast isolated from the pink oysters did not ferment any of
the carbohydrates commonly used in the laboratory, nor did it
seem to have any effect upon the oysters other than the production
of the pink color. The yeast was very resistant to drying. The
pink yeast is easily killed by formaldehyde in a dilution of 1 part
of formaldehyde gas to 2,500 parts of water. Adding 1 part of
vommercial formalin, which is a 40 per cent solution of formaldehyde,
to 1,000 parts of water gives a 1-2,500 dilution of formaldehyde.
As a method of control it is recommended that all bins, benches, tubs,
other utensils, and woodwork in the oyster house be scrubbed thor-
oughly with water and then washed with the formaldehyde solution.
The washing should be done in the fall, before any oysters are
brought in.~ The bins. benches, tubs, etc., should also be washed
severa]l times during the winter whenever convenient.

When oysters are taken from the water they immediately come in
contact with the deck of the hoat, which is p.roﬁab]y infected with the
pink yeast. QOysters are usually placed in tubs, wheelbarrows, or bins
that may also be contaminated. During shucking, the oysters become
infected with the yeasts from the shells. These ¥easts are not easily
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removed by the washing process, and are carried, with the oysters, '
into the shipping container, where they develop and produce the pink
color, even though refrigerated.

Pink yeasts are distributed rather widely in nature and are to be
expected in places like oyster bins where dust and dirt may remain
undisturbed ‘during the summer. Thorough cleansing of the wood-
work with s liberal use of formaldehyde solution, however, should
remove the cause of the trouble.

Cultures of the yeasts isolated from pink oysters were found to
be nonpathogenic to laboratory snimals. There is no reason to be-
lieve that these yeasts would render shucked oysters injurious. The

uality of shucked oysters, with respect to decomposition or possible
ﬁanger to health, must be judged by criteria other than the presence
of a red or pink color. In otTler words, this color is not a criterion
of decomposition. Oysters exhibiting it may or may not be of proper
sanitary quality. As the pink color does not agpear until several
days agter shucking, howsver, it must be assumed that other micro-
organisms have also developed in the oysters and that by the time
the oysters have become pink they are no longer perfectly fresh. The
appearance of the pink color indicates that several days have elapsed
since shucking and that the oysters are approaching a condition in
which they may be considered somewhat stale. Although pink oys-
ters are harmless when eaten and may be edible, they s}]):\ould be
examined carefully for evidence of decomposition before being sold
or eaten. '

Severnl Investigators recently have suggested that there inay be
another type of pink oysters which owe their color to some agent
other than the pink (Iveast.. The development of a pink color in
shucked oysters stored at 0° C. and the inability of certain inves-
tigators to reproduce the color by inoculation with pink yeasts iso-
lated from the product under examination led to the suggestion that
some purely chemical reaction may take place in oysters as a result
of which a pink color is produced. At the present time there is no

roof of such a phenomenon, but it is not improbable that such may

e the case. If future investigations show that a pink color can be
produced in oysters without the action of microorganisms, new
methods of control and prevention must be developed. In establish-
ments where the control measures here recommended have been
applied, however, trouble from pink oysters has ceased.

OLYMPIA OYSTERS

Only one outbreak of typhoid fever has been traced to the con-
sumption of the small native oysters produced on the Pacific coast
{14). TFollowing a Thanksgiving Day dinner where oyster cocktails
were served in a restaurant at San Diego, Calif, many eases of
typhoid fever were reported. Investigation indicated that polluted
oysters from some small beds in San Diego Bay were used at the
dinner. It was stated that “the acute symptoms in the outbreak
under consideration were due to oysters having been improperly
stored while infeeted with sewage organisms, and that spoilage per-
mitted of & rapid increase in certain of the bacteria contained.” No
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case of illness has yet been reported from the consumption of the
Olympia oysters prodiced in the Pacific Northwest.

o special bacteriological method for the examination of these
small oysters has been developed. The present standard methods are
hardly applicable, as the Olympia oysters are too small to roduce
enough liquor for the test when only 5 to 12 oysters are used. If a
sufliciently large number of such oysters are used in order to obtain
the shell liquor necessary for the inoculations there is no reason why
the standard procedure should not be followed from that point and
the same standards of sanitary quality applied.

Sewage pollution of the oyster beds in the Pacific Northwest has
not been a serious factor. The bays in which these oysters are pro-
duced are usually fairly remote from centers of population and no
lnrge sewers empty into the near-by waters. The Japanese work-
men employed to care for oysters and to harvest them usually live
in houseboats moored on or near the oyster beds. At one time it
was found that waste from these dwellings was polluting the oysters
and steps were taken to provide suitable means of waste disposal.
Occasional reports received indicate various sources of pollution of
the oyster beds, but the volume of sswage in no case has been great
and remedial measures have been taken. Very little work, if any,
has been done upon the bacterial flora of the Olympia oyster. The
statements regarding sanitary surveys and the proper conditions for
the growing of oysters {pp. 23-26) are just as applicable to Olympia
oysters as to the eastern oysters.

Studies on the hibernation and self-purification of the Olympia
Oﬁrster have not been reported and no information is available on
these questions. There 1s no reason why Olympia oysters should
not function to rid themselves of polluting material in the same man-
ner as do eastern oysters.

The requirements for sanitation within the shucking house and for
proper conditions during shipment apply to Olympia oysters just
as to eastern oysters, so far as the different methods of handling and
shipping permit of such requirements. The oyster-shucking houses
in and about Olympiz and other northwestern cities are small and
conditions can not Ee compared to those in the shucking houses of
the Atlantic and Gulf coasts. The oysters are received in cloth sacks
and are handled in comparatively small quantities,

The problems of green oysters and pink oysters have not yet
arisen in the native Pacific coast industry. In fact, this small oyster
industry of the Pacific coast has been comparatively free from many
of the troublesome problems affecting the eastern Gulf coast in-
dustries. As the territory surrounding the oyster-producing regions
becomes more thickly populated problems of pollution with sewage
and trade wastes will be encountered but, profiting by the experience
gained on the Atlantic coast, oyster growers and the State, Federal,
and municipal authorities may take whatever action is necessary to
preserve the industry.
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