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Distribution of Psychrotrophic Organisms in Bottled
and Paper Packed Market Milks Pasteurized
by Various Method.

Kazunori YAMAMOTO, Hideo SATOU and Konomu AKATSU

Ibaraki Prefectural Institute of Health, 4—1, Atago—cho, Mito, Ibaraki, Japan

The investigation was carried out on the distribution of psychrotrophic organisms in
bottled and paper packed market milks which were directly collected from 18 dairy plants
in Ibaraki- prefecture and the following results were obtained;

1) Viable and psychrotrophic counts were tested on 40 samples of market milk (bottled milk;

21 samples, paper packed milk; 19 samples)with various processes of pasteurization.

On viable counts, 5 per cent of samples of paper packed milk showed the order of 10Y mé of
colonies, while 48 per cent of samples of bottled milk showed 10°— 105 %mé.

On psychrotrophic counts, 10 per cent of the former samples showed 10% of colonies,
while 67 per cent of the latter samples showed 10°— 1034¢.

2) Six hundred and sixty one strains of psychrotrophic organisms were isolated; 655 strains
from bottled milks and 6 strains from paper packed milks.

3) Psychrotrophic organisms were taxonomically

identified and it was revealed that 553

strains were Gram — negative bacteria, of which 309 strains were identified to be belonged to
the genus Pseudomonas and the remainder were to the genra Acimaobacter, Aeromonas, Flavobacterium

Coliform bacteria, Bacillus, etc.

4 ) Psychrotrophic organisms belonging to the genera Pseudomonas, Acinetobacter, Aeromonas and
Bacillus were isolated with high frequency of occurrence of more than 60 per cent.

5) It was concluded that paper packed milk pasteurized by U.H. T.method was accepted as
the satisfactory market milk under the adequate hygienic control.

1. Introduction

With the recent advances of cold—chain
system in food industry, the contamination
of foods with psychrotrophic organisms has
become. a serious problem. Milk is one of
the representative foods susceptible to deteri-
oration by the contamination of psychrotrop-
hic organisms during storage at low tempe-
rature.

A number of microbiological and biochemical
studies on the psychrotrophic organisms in
milk have been reported.!~'%

Most of invetigation have carried out on
raw milk, since psychrotrophic organisms
were mors widely distributed in it than in
market milk controlled by pasteurization.

Although in the latter, there are a conside-
rable number of psychrotrophic organisms
surviving pasteurization or contaminating
subsequently after pasteurization. In recent
years, a large percentage of market milks
now going to consumer is supplied in paper
container, because paper packed milks contain
very few organisms and adequately protect
milk against contamination.!®17) However,
the comparative investigations of psychrotrop-
hic organisms between bottled and paper
packed milks are a few. Authors investiga-
ted on the distribution of psychrotrophic orga-
nisms in bottled and paper packed market
milks which had undergone the ultra high
temperature heating (U. H. T.), high temper-



ature short time (H.T.S.T.) and holding(H.)
processes of pasteurization. It was the aim
6f this paper to report the actual -onditison
of contamination of the market milks with
psychrotrophic organisms and the comparison
of such contamination between bottled and
paper packed milks.

2. Materials and Methods

2 —1 Market milk samples

Forty samples of market milk were direc-
tly collected from 18 dairy plants in Ibaraki
—prefecture from the middle of Augast to
the beginning of Sptember in 1978. Types
of container and pasteurization method of
the milk samples was shown in Table 1.
Out of 40 samples collected, 21 samples
were bottled milks and 19 samples were
paper packed milks. The datum on paper
packed milk pasteurized by H.T.S.T. method
was mnot obtained, because this type of market
milk was not supplied by and dairy plants in

Ibaraki— prefecture.

Table 1.Types of containers and pasteurization
methods of market milk samples sup-
plied by total dairy plants in Ibaraki-

prefecture.
Pasteurization U.H.T. *1 H,T.S.T %2 H. *3
method Total
containers method method method
bottled milk 11 6 4 21
paper packed milk 18 0 1 19
Total 29 6 5 40

%1 ultre high temperature heating

%2 high temperature short time

¥ 3 holding

Figures in table indicate the number of samples.

2 —2 Determination of viable and psychro.
trophic counts.

Usual determination of viable counts was

carried out as follows: 18) one mZ of milk

sample was suspended in 20 mf of Plate Cou-
nt Agar medium(P.C.A.) and plated, and
was incubated at 35°C for 2 days. Determina-
tion of psychrotrophic counts was carried
out according to Standard Methods of Ameri-
can Public Health Association (13th ed., 1972)

19) a5 follows: one m¢ of sample was plated
similarly as the uase of viable counts, then
incubated at 7°C for 10 days.

2 —3 Taxonomical diagnosis of psychrotrop-
hic organisms.

The isolated psychrotrophic bacteria was

taxonomically identified according to Bergey’s

Manual of Determinative Bacteriology (8 th ed.,

1974),%) Manual for the Identification of

Medical Bacteria (2th ed. , 1974),21) etc22~#)

2—4 Growth responses of isolated psychro.
trophic organisms at different incub-
ation temperatures.

Growth responses of isolated psychrotrophic
organisms at different incubation temperatures
were examined by smearing the organisms on
plate of P.C.A., and was incubated at 0°C
for 7 days and 14 days, 5°C for 7 days and
10 days, 20°C for 4 days and 35°C for 2 days

respectively.
3. Results

3—1 Viable and psychrotrophic counts in
bottled and paper packed market milks
pasteurized by various methods.

Table 2. indicates the actual state of conta-
mination of both hottled and paper packed
milks with psychrotrophic organisms. As a
whole, paper packed milks contain less
organisms than tottled milks, either on via-
ble counts or on psychrotrophic counts.
Viable counts of all samples of market
milk pasteurized by U.H.T. method were
less than the order of 10%%¢: 94 per cent of

samples of paper packed milk showed no co-



Table 2, Viable and paychrotrophic counts in bottled and paper packed market milks

pasteurized by various methods .

pasteurization U.H.T *¥1 H.T.S.T *1 H. ¥l
Total
me thod method method
bacterial counts| pottled | paper bottled | paper | bottled paper | bottled paper
ml at the order of ) packed packed packed packed.
milk mil k milk milk milk milk milk milk
0 7 17 3 —x2 1 11 18
10° 4 1 0 — 0 0 4 1
o 2 10t 0 0 0 — 0 0 0 0
5 5 | 10 0 0 0 — 0 0 0 0
s 8 10° 0 0 2 — 2 0 4 0
104 0 0 1 - 0 0 1 0
10° 0 0 0 — 1 0 1 0
-8 0 7 17 0 — 0 0 7 17
& g | 10° 4 1 0 — 1 1 5 2
5 g 10t 0 0 3 — 0 0 3 0
§ 3 102 0 0 0 — 2 0 2 0
7 108 0 0 3 — 1 0 4 0

*1 see Table 1.
%2 no data

ntamination, while 36 per cent of bottled mi-
lks were contaminated. The quite similar .
result was obtained with the psychrotrophic
counts of those samples.

It is worth to mention that more or less
than 50 per cent of samples of bottled milk
which had undergone either H.T.S.T. or H.

anisms contamonating bottled and

packed market milks.

spore formation, motility, 0—F test(Hugh—Lei-
fson’s method), Cytochrome oxidase, Catalase,
etc. (Table 3.)

Table 3. Classification of psychrotrophic org-

processes of pasteurization were contaminated
with 103—10%#£ on viable counts.

3 — 2 Isolation and classification of paychrotr-
ophic organisms contaminating bottled
and paper packed market milks.

Six hundred and sixty one strains of psyc-
hrotrophic organisms were isolated from the
market milks: 655 strains from bottled milks
and 6 strains from paper packed milks.

This result reflects that paper packed mi-

1ks contain very few of psychrotrophic organ-
isms. Psychrotrophic bacteria were taxonomic-

ally identified on the basis of diagnoses of

morphorgical characters, pigment production,

. No. of organisms isolated (%)
container bottled aper
O P
fypes packed Total

genus milk milk

Pseudomonas 307 4 309 46D
Acinetobacter 61 1 62 ( 94
Aeromonas 42 2 44 ( 6
Flavobacterium 36 0 36 ( 54
Coliform bacteria 26 0 26 ( 39
Alcaligenes 20 0 20 (C 30
Acinobacillus 6 0 6(C 09
Eacillus 46 1 47 C 1D
Mi crococcus 37 0 37( 56)
Lactobacillus 7 0 7( 1D
Streptococcus 1 0 1( 02
Urclassified

Gram (- rods 50 0 50 ( 7.8
Gram {+ rods 4 0 408
Yeast 12 0 1218

Total 655 6 661 (1000)

Gram—negative 548 5 553 (836)
Gram—positive 95 1 96 (14.6)




Out of 661 strains isolated, 553 strains
were Gram—negative bacteria, of which 309
strains were identified to be bclonged to gen-
us Psaudomonas. That the majority of isolat-
ed psychrotrophic organisms were identified
to be Pseudomomas is well comformable with
the results previously reported by other wor
kers b 2,10 25, 26)

Of the remainder, 62 strains were identified
as Acinetobacter, 44 strains as Aeromonas, 36
26 strains as Cols
Although the number of

paychrotrophic organisms isolated from the

strains as Flavobacterium,
Sform bacteria, etc.
paper packed milk samples were small, the
tendency of the taxonomical characters of the
isolates were similar to those of isolates from
bottled milks.

Influence of pasteurization processes
on the distribution of psychrotrophic
organisms in bottled and paper packed
market milks.

As shown in Table 4., the largest number of
psychrotrophic organisms were isolated from
bottled milks pasteurized by H. T.S.T. method:
367 strains from 6 samples. On the other
hand, from the bottled milks pasteurized by U.
H.T. method, a small number of the organi
sms were isolated, though sample number
were approximatily twice as much as other
samples: 37 strains from 11 samples.

As to paper packed milk samples, only 4
strains of psychrotrophic organisms were
isolated from 18 samples which had undergone
U.H.T. process of pasteurization.

Table 4. Types of psychrotrophic organisms in bottled and paper packed market milks pasteurized

by various methods.

U.H.T %l U.H. T %1 H *1
Pasteurization met hod method method
method bottled paper bottled paper bottled paper
packed packed packed
milk milk milk milk milk milk
No. of organisms isolated

Pseudomones 19 . 2 144 — %2 144 0

Acinetobacter 0 1 27 — 34 0

Aeromonas 2 1 34 — 6 1

Flavobacterium 0 0 31 — 5 0

coliform bacteria 0 0 21 — 5 0

Alcaligeres 1 0 8 — 11 0

Acinobacillus 0 0 6 — 0 0

Bacillus 6 0 30 — 10 1

Micillus 7 0 16 — 14 0

L actobacillus 1 0 2 — 4 0

Streptococcus 1 0 0 — 0 0
Unclassified

Gram (—) rods 0 35 — 15 0

Gram (+)rods 0 0 2 — 2 0

Yeast 0 0 11 — 1 0

Total 37 367 — 251 2

Gram—negative 22 306 — 220 1

Gram—positive 15 0 50 — 30 1

%1 see Table 1.
%2 no data



In any samples pasteurized with different
methods, the major species of Gram —negative
bacteria were identified to be Pseudomonas,
Acinetobacter and Aeromonas,  The major
species of Gram—positive bacteria were Baci-
llus and Micrococeus, although these organisms
were little in paper packed milks. Results
mentioned above indicate that the psychrotro-
phic microflora of paper packed milk was
remarkably simpler than that of bottled milk,
although the psychrotrophic microflora of
bottled milk pasteurized by U. H.T. method
was rather simpler than those of other milks

pasteurized by H. T.S. H. or H. method.

3 —4 Frequency of occurrence of psychro.
trophic organisms in bottled and
paper packed market milks,

Table 5. indicated the frequency of occurr-
ence of psychrotrophic organisms which were
isolated frorr{ 14 samples of the bottled milk
and 2 samples of paper packed milk,

Table 5, Freauency of occurrence of psychro-
phic organisms in bottled and paper
packed market milks.

container frequency of occurrence
types bottled paper
packed Total
genus milk milk

Pseudomonas 12 1 13
Acinetobacter 9 1 10
Aeromonas 9 2 11
Flavobacterium 7 0 7
Coliform bacteri 6 0 6
Alcaligenes 7 0 7
Acinobacillis 2 0 2
Bacillus 9 1 10
Micrococcus 6 0 6
Lactococcus 4 0 4
Streptococcus 1 0 1
Yeast 4 0 4
Total 76 5 81

As to bottled milk samples, the psychrotro-
phic organisms belonging to genus Pseudomo--
nes was occurred with the highest frequency
of 86 per cent,
and Bacillus
high frequency of 64.3 per cent repectively.

Aeromonas, Acinetobacter

were occurred with considerably

Though a small number of psychrotrophic
organisms were isolated from paper packed
milks, the frequency of coccurrence of psych-
rotrophic organisms showed a similar tendency
to that of bottled milk samples.
methods of pasteurization scarcely effected on

Various

the frequency of occurrence of the organisms.

3 —5 Growth responses of psychrotrophic
organisms isolated from market milks
at different incubation temperatures.

Growth responses at different incubation

temperatures were examined of the psychrot-

rophic organisms (661 strains) isolated from

market milks. (Table 6.) With the incuba-
tion at 20°C for 4 days, all of the isolates
showed the growth, while with the incubation

at 0°C for 7 days, 346 strains (52.3%)

showed no growth.



Table 6. Growth responses of psychrotrophic organisms isolated from market milks a diffe-

rent incubation temperatures.

incubation condition
No. of

genus St[ai.ns 0 OC 5 f 20 C(: 35 (t:

examined[ 7" 4,06 | 14 days | 7 days | 10 days | 4 days | 2 days
Pseudomonas 309 185(69.9 | 260 84.1{269 (87.1)|289 (93.5)|309 (100){293 (94.8)
Acinetobacter 62 18 Q9 40 64.5)] 4267D| 51 8231 62 10| 60 (96.8
Aeromonas 44 12 273 36 81.89| 38(86.4| 42 (95.5| 44 100 | 42 (95.5)
Flavobacterium 36 19 G2.8)| 30 833 32(88.9| 33 (91.D| 36 Q0| 35072
Coliform bacteria © 26 7@69 17 659 21808 | 25 Q6| 26 A0M| 26 A0

Alcaligenes 20 200 12 60) 17(85 19 95 20 A0 | 19 95
Acinobacillus 6 4 6.7 5 (83.3 5(83.3) 5 (833 6 Q00 5 (833
Bacillus 47 24 G1.D| 36 (76.6)| 43 ©1.5)| 44 (93.6| 47 Q00| 45 ©57
Micrococcus 37 16 @32)% 31 @38 32 @65{ 37 Q00| 37 Q00| 36 O71.D
Lactobacillus 7 0 3429 5714 6 (85.7) 7100 6 85.7)
Streptococcus 0 0 0 0 1(100)| 1 Qoo

Unclassified

Gram (—) rods 50 16 32 | 37@4H | 4500 | 47 G 50 (100) | 46 ©2
Gram (+) rods 4 0 0 375 4 100 4 (100 4 100
Yeast 12 12 Aoo| 12 AoO| 12 Q00| 12 Qo] 12 aom{ 11 ©OLD
Total 661 315 @7D| 519 785)|564 85.3(614 (929|661 (100){629 ©5.2

The organisms which were not able to pro-
liferate at 0°C for 7 days, were taxonomically
identified as Lactobacillus, unclassified Gram—
positive rods and Streptococeus. The organ-

isms belonging to Alcaligenes, Aeromonas  and

showed also a tendency not

to grow at 0°C for 7 days, but most of those
the growth even at 0°C by

incubation time from 7

Most of isolates showing

Coliform bactenr

isolates showed

elongation of the
days to 14 days.
the growth at 0°C for 7 days were identified
Pseud-
omonas, Flavobacterium, Acinacillus, With
the incubation at 35 °C for 2 days, the majo-

rity of isolates showed the growth, but 32
strains(4.8%) showed no growth.

to be Gram—negative bacteria such as
etc.

4. Discussion

Results as mentioned above indicate that

paper packed milks collected directly from 18
dairy plants are in excellent sanitary condit-
ion as compared to bottled milks. i. e. the
most samples of paper packed milk yieled no
colony on agar— plates with the conditions

at 7C for 10 days and 35%C for 2 days, whereas
48 per cent of bottled milk samples showed
the order of 109 0°%mf of colonies with
the incubation at 35°C for 2 days and 67
per cent of those samples showed 10°¢ —
108m¢ on psychrotrophic counts.

Therefore, paper containers are accepted as
satifactory containers to protect milk against
contamination. To compare the processes of
pasteurization by examining viable and psych-
rotrophic counts, U. H.T. method is markedly
superior to H.T.S. T. and H. methods.

With the incubation at 35C for 2 days, out
of 40 samples of market milk, 11 samples



(bottled milk; 10 samples, paper packed
milk; 1 sample) were found to be contamin-
ated. Furthermore, with the incubation at
7C for 10 days, 16 samples (bottled milk; 14
packed milk; 2 samples)
This result
suggests that the psychrotrophic counts gains

samples, paper
were found to be contaminated.

advantage over the viable counts to test actual
state of contamination of market milk.

The majority of organisms isolated from mar-
ket milks as psychrotrophic organisms were
is well

belonged to the genus Pseudomonas

consistent with studies previously reported.!:
2:112526)  Prom bottled milk samples paste-
urized by H.T.S. T. and H. methods, 26
strains of Coliform bacteria were isolated,
which suggested that these pasteurization
processes were unsatisfactory or the hygienic
control of the dairy plant was not adequate
to protect milk against contamination.
Although the dominant species of psychrotr-
ophic bacteria is belonging to the genus
Pseudomonas,  the organisms belonging to the
genera Acinetobacter, Aeromonas and Bacillus
are usually detected with high frequency of
occurrence.

Especially in bottled milks, various types of
bacteria with different taxonomical characteri-
stics belonging to both Gram— negative and
Gram— positive bacteria were isolated, indica-
ting that the psychrotrophic microflora in
bottled milk is more complicated than that

in paper packed milk.
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Table 1 Operating condition for the determination of each element

Element As Ca Cd Co Cr
Equipment® A+D B A+E A+D A+D
Lamp current (mA) 10 7.5 8 10 7.5
Wavelength (nm) 1972 4228 22838 2407 35179
Purge gas, Argon (1/min) 0.7 - 2.0 0.7 0.7
Fuel gas
Acetylene (1/min) - 3 - - -
Air (1/min) — 13 — — —
Drying 100C - Ramp mode 100°C 100C
r 10sec 0~30A (1.0Asec) 3 0sec 3 0sec
Ashing 900%C - 50A 900%C 900°C
3 0sec 3 0sec 30sec 30sec
Atomizing 2500C — 280A 2500C 2500°C
8sec 1 0sec I0sec 1 Osec
Carbon tube*¥* F - G F F
Element Cu Fe Hg Mg Mn Ni
Equipment ¥¥ A+E B C B A +D A+E
Lamp current (mA) ' 10 10 — 7.5 10 10
Wavelength (nm) 3247 2483 - 28656.2 2797 2320
Purge gas, Argon (1/min) 2.0 - — - 0.7 2.0
Fuel gas
Acetylen (1/min) — 3 - 3 — -
Air (1/min) - 13 - 13 — —
Drying 30A - — - 100C 30A
2 Osec 3 0sec 3 0sec
Ashing 130A - - - 500C 140A
3 0sec 30sec 3 Osec
Atomizing 280A - - - 2500°C 280A
1 0sec 1 0sec i0sec
Carbon tube** F - - - F F
Element Pb Sb Se \ Zn
Equipment ¥* A+E A+D A+D A+E B
Lamp current (mA) 10 10 8 10 10
R . Wavelength (nm) 2170 2313 1960 318.4 2138
Purge gas, Argon (1/min) 2.0 0.7 0.8 2.5 -
Fuel gas
Acetylene (1/min) . — — - - 3
Air (1/min) - - — — 13
Drying Ramp -mode 100%C 100C Ramp mode -
0~30A (LLOA Gec) 3 0sec 3 0sec 0~30A (1.0A/sec)
Ashing 50A 900C 600C 150A -
3 5sec 3 0sec 6 Osec 2 Osec
Atomizing 280A 2500C 2400C 300A -
1 Osec 8sec 10sec 1 0sec
Carbon tube** G F F H -

A | Hitachi 17 0—50 atomic absorption spectrometer

B . Hitachi 5 0 8 atomic absorption spectrometer F . Tube type
C . Hitachi 501 Zeeman mercury analyzer *% G . Cup type
D . Hitachi HF A flameless atomizer H : Pyrolytic —graphite —coated tube

E ! Hitachi GA —2 flameless atomizer
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Table 2. Analytical results of each -element in human blood
Element Sex No. Average #+ s.d. Range Means Element Sex No. Average + s.d. Range Means
M 6l 2.8 +1.3 0.8-6.3 M 6k 7 +7 0-
as™ 2.7 Mg ot 30-55 Lé
F inn 2.6 +1.2 1.1-5.7 F oL bs +6 34-60
M 6l L6 +7 30-58 M 6 22 + 11 -
ca’t L6 Mn™ N - hots 22
F LL 48 +5 38-57 FooLy 21 4+ N L-43
M 6l 5.5 + 2.0 1.4-11.4 M 6 + 28 13-1
ca® 5.6 _ by 37 #* 3-154 35
F Ll 5.8 + 2.0 1.7-11.4 F ooy 33 + 23 13-112
M 6l 0.8 #0.5 0.1-2.7 M 6L 6l + 21-228
co® 0.7 pb¥ horLh 61
F Ly 0.7 #0.4 0.1-1.5 FooLy 56 + 26 13-120
M 6l 22 #12 7-48 M 6 0.13 #+ 0.05 0.03-0.22
or® 2l ge** t > ? 0.12
F Ly 26+l 6-70 F UL 0.11 + 0.03 0,06-0,18
s M 6l 0.78 +0.27 0.32-1,45 % M 6y 0.4 + 0.2 0.1-1.0
Cu 77 Sb - 0.4
F Ly 0.76 +0.25 0.41-3.35 FooUh 0.4+ 0.2 0.1-0.9
M 6l 509 446 L22-609 M 64 0.7 + 0.3 0.1-1.5
Fe™¥ 1180 Vid - 0.7
F Ly ko 4+ 53  381-533 FooUh 0.7 + 0.4 0.1-1.8
M 6l 11.1 + 3.6 4.2-20.0 M 6L 6.5 + 1.8  3.4-11.
He® 1.0 zn™* - botteh 6.
P Ly 1.0 + L.t 4.7-23.2 F 44 6.2 +1.5 L.2-9.3
*. ng/ml, e, ug/ml, M :Male F :Female

TR AR AR L7MBic, 3 8FloE R4
BIGE U 7hs, Z20RIEMEIZ, F45 3.8 ppb?&,Brune
SHHIHEATETRHE L M8 4 ppb1® & ZiFF—
BTH-7c, MDD 10 HDRERSLRIE, 2.7 2
+1.25ppb (A, 2.5 4ppb) & AiEIORIE
EEBERBOMBAT Lz, X, Ch SORME[DE
BEHS AR EFig 1IOR Lichs, hoeRHHo
Ny =SB OWNRIER S fieRdT EELZ SN,
D SNED 5T,

32 AHuvouis

MDA NY S 2ZD0TE, 6 3ppm!® 50
ppm??) & VW IME D B, EEOOREMEIZ, T
45.9+84ppm %KL, LIEOBERELIZIZE—
LAVTH otc, HERBHONT, AEED IR
e (Fig. 2) REBMmAR LT,

33 HFIvaA

Kubota 52V1F, 24 3804 F $ v AfE AT
L, Z0¥HEH5ppA FTh2E LTS, X, B
M22) (3, 4. 5ppb, M2 X 8.5pph , EkD2Y)
R T4 ppbDEARE LT B, —F, =E2503
17~50ppb, Sumino!® 31 7 0ppb & bR

BLoEMEERE L TVS, IEf15 4 F/EI, £
MG EERET GRS CUF, wihemsd) 3, £
FE# 1 0 0 0 B Mg OBREHD TTHDRE %1775
ST 520 23, ZOREE, REOE b K 3
U LABEI 3ppbAIRTHAEREL T35, 5D
ZHOSORTEHR OIS 74 1.5ppb (K[ Ey,
56+ 1.9ppb) DEMABSH, HEIRDLNT
BEMNCY — (Fig. 3) SAAHICH T B 7
R T

3.4
Mg D350 FEE I DT, BIEER &S ¢
EETE, 10 0medIili% AT &RIE Ralfe &
DHED bH 0, FHALAMTETRAE L ED &5
i20.2 3ppm!® ARL T3 D, Bowen!®) 5
LT TIE U728 0. 3ppb £ T, TOEED
MERICLORELRBODD B, KICEE LN, BT
SR E W SEEIC & B RIEEAHE L, 5 LABo
1 8B 2 L FEEEIZ 0.2 ~ 1.4 pp b DEEFED
TY¥H0.8ppb (FAIE, 0.7ppb) &, Bowen
PSR TUV BE 0. 3 ppb ! OEFl— L NV TH - 7248,
SEOREMS, 0.7 + 0.4 ppb & HIOMEE &

ju VAV
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Table 3. The correlation among sixteen elements.

As Ca cd Co Cr Cu Fe Hg
As 1.00000 -0.03067 -0.08007 0.00931 -0.01410 -0.11760 0.05896 0.19822
Ca 1.00000 0.16882 0.33671 -0.05557 0.45305 0,27699 -0.16721
cd 1.00000 0.01024 -0.10960 0.26690 -0.01381 -0,17160
Co 1.00000 -0.08159 0.18718 0.12324 -0.05674
Cr 1.00000 0.01736 -0.0L08L -0.14165
Cu ' 1.00000 =0.234,89 -0,27462
Fe 1.00000 =-0.00949
Hg 1.00000
Mg Mn Ni Pb Se Sb v Zn
As 0.06666 0.06402 0.14521 0,01246 0.05773 =0.10499 -0.16361 -0.00160
Ca 0.15000 -0.14840 0.20631 0.25083 0.10043 0.045L5 0.23485 0.11334
Cd  -0.29565 -0.05569 -0.05650 0.13791 -0.32694 -0.00140 0.16827 -0.11756
Co  -0.04720 0.1794Y4 0.01603 0.03433 -0.11483 0.08482 0.21375 0.07026
Cr  -0.07865 -0,01713 -0.07466 -0.14619 -0.07260 -0.12663 0.08139 0.12971
Cu  -0.27711 0.14145 0.06602 0.06672 -0.13437 -0.00601 0.38260 0.16100
Fe 0.52593 -0.01725 0.22328 .0.13992 0.22645 0.05326 -0.05745 0.19773
Hg 0.15066 0.14609 0.1414) 0.0L952 0.12766 0.16485 -0.10995 -0.03L59
Mg 1.00000 0,01520 0.27181 0.04502 0.37783 0.14941 -0.39799 0.13743
Mn 1.00000 0.180L0 -0.02285 -0.01713 -0.16798 -0.15325 -0.05218
Ni 1.00000 0,12863 0.10734 0.14614 -0.07107 0,11227
Pb 1.00000 0.11369 0.05773 -0.00773 0.01314
Se 1.00000 -0.06L94 -0.06121 0.28219
Sb ' 1.00000 -0.12431 0.00379
v 1.00000 =0.00768
Zn 1.00000
Co, Cr, Fe, Mn RUSh BIERMT, As, Cd, Cu, 6) BILEREOMBEBARARE Lo, vwIFho
Hg, Mg, Pb, Se, V RUZn BSHEER S ERL, LEBIEBOTHEROMBARED OISz (P
NiiZ&s DB RE T, HAME b7, <0.05)

3) #HERIFIOVTRHON(P < 0.0 1),
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B SN 5120

5)  HIEK L BSTROBECEOREATE 2
StehS, WENOTEICONTHEEE (P<L0.05) 9
HRW HHIT D T,

ik

D. M. Hubbard, F. M. Creech, J. Cholak
* Arch, Empion. Hedlth, 13
AEERE ML, 26, 667 (1977)
AlEHERE, FrREIRTHE | FEEEEE, 19,136

(1977)

190(19866)



4)  UMLEBRIZE, FISEERE D L, 28,289
(1979)

5) HIREEME, MUESIZE, BARL, WOk
PEERY, 20, 174 (1978)

6) GEEERE, LEE—, FRRTEE, MLEEz,

-
~.
o

7)

KNEDOF, AMEALPIZS, BN RREE
HETRERTER, 14, 77 (1975)
AR, FFE—, N0 oF, FRERLH,
/INLERIZE, KEHEPIES, BNE | REs
R, 13, 61 (1975)

Paciffic Ocian

Fig. 16 Area division of pref. Ibaraki

There

were no statistical differences in concentration

of each element among three areas (A, B and )

8) AlEEERE, FREALEE, HLEDoTF, BAKL,
IO [ EEEF, 19, 510 (1977)
9) AISEERE b, 26, 206 (1977)

10) M. Ishizaki . Tolente, 25, 167
(1978)

11)  EHE—, ABEE BAREFEERE, 1979,
2117

12) M. Ishizaki, S. Ueno . Taanta, 2 6,

523 (1979)
13)  W. Slavin#, TH#, REME, ESNE
B, HARFEFLR . FFREST —EREEE

14)

15)

16)

17)

- Kitamura . Arch. Emion. Hedalth,

M=, BIN&E (1971)

REG, BNEZE | SREEFR o 5
ST | #kE (197 6)

AR, FIERERE, AT HARIE, 5
R— At 1 4,137 (1973)
H.J.M. Bowen . “Trace elements in
biochemistry”, Academic press (1966)
K. Sumino, K. Hayakawa, T.Shibata, S.

30,
487 (1975)



18)

19)

20)

2D

22)
23)
24)

25)
26)

27)

Clin. Chim. Acta, 1 3,

D. Brune, K. Samsahe, P.O. Wester .

285 (1966)

E. M. Butt, R. E. Nusbaum, T.C Gilm-

our, S.L.Didio . Arch. Environ. Health,

8, 60 (1964)

FIZERE, MEEE | s LnERESGRE LS

WO , V7 A4z (1975)

P. 674

J.Kubota V. A Lazer | Areh, Environ
Health, 16, 788 (1968)
HHEE | EoRz, 2 7, 34 (1972)
FIEHZ . 35A%&, 3, 150 (1977)
SAREETA, PAEM D AR, 3 2,
366 (19717)

=BEXK HARMFELE, 1976, 915

WL EERT 2R #EL | kP OELSEN
o B I HIIBRE RO B RE S 1 BE 4 5 5T
(1979)

B&E | AARD R sk,

24, 447

28)
29)

30)

31

32)

33)

34)

35)

(1977
WOSkEE - @R, 21, 36 (1966)
A AWM, GBRE—, #AAF ANEZ

3y

FBERIME | EAGAEEMEE, 34, 157
(1979)
WA—IF DALY, 8, 1 (1967)

W. H. Allaway, J.Kubota . Arch. Emwir-
on. Holth. 16, 342 (1968)
V.M. Lifshits . Vopr. Med khim, 9,
610 (1963)

H. A. Schroeder, J.] Balass, I.H. Tipt-
on . J Chronic Disases, 16, 1047
(196 3)

L.S. Valberg, J. M. Holt:. Life Sey, 3,
1263 (1964)

R. O. Allen, E.Steinnes . Anal. Chem,

50, 1553 (1978)



RBKENDTERBELRBEADOLE ZREIE

V=R ]

B K

Arsenic Content in Agricultural and Marine Foods
and Its Average Daily Intake

Mutsuo

ISHIZAKI

Ibaraki Prefectural Institute of Health.,4 -1, Atago-cho,

Mito,

1. # S

ERBEHRARCECDHL, BE, TEMBREK
BEASNTOBH, 2OHEMAEN 0, ALICE
AL Rick 2auhE) 0, BkhHEDIc L3k
EAEPERILERLEORIND B, T D, B
L L BASDEEE OBE L, TEIC L2 BEER
SOEENOBITREDBRNEER LT, B5thoe
FRICOVWTEHEFIBESED bR TO 5058013,
F7c, B o0 e RIERBICOWTHFAO/WHO
i3, ZOHENES 0.0 5mg,/Kg « kB /day DITF &4
BEDREALLTOBIZLT, b hO—BHIEER
ENEIZ1L5~20mdayCThsrE LTS, —F,
Schroeder & Balassab D55 T3, b £IENER
0.4 mday, FROIZ, BAADE REWER, 007
~ 0.1 TmgAay (E150.1 3 Tmgday) Td 5 & H%
LTHY, 2hzFhofiRkE b bTh s, Chig,
2 DOEROEEMINICLZ e REROELS KT
5988, LD, ThORRPD RO EHL ZRAIE
HEOSHEL STV TbIe, (BT 21 B4 RIEM
BELNT, Thndiie, FRIEBERL > T, 20
EBEICRKERNT VEBETET ENEREZZ ON
%o

—%, EHBEEC, BEYbEREREE LT, &
i, B LI A VYU sickBe M) v )
7 AFHBRENB UIRBET b <A ¥ —EBEETFIRE
HIC X AMBEROMTEERILL, W& LEDZC
T, TOHEEAFAOT, BEAEICH LTV 3 BKE
Mttt REEBLHEL, ok, ZORMERBLY
BiN5 0 FEELEEREEAEREY 2 b L, &
WEAL AHI-ODOZREBIEIL0.1 2 6m¢dayTdh
BCEDHA LT, T &I}, HRBHEA 1 AD
khDpeREE LTHE LEE BER—DETH -
oo % 7o, MREPIEERSSIRBOEREEEEYD £ b

Ibaraki, Japan

EELT, RBEBADL 0% (1 9854) ODEFE
BNECOVWTHRE LS, W3 0%HD0.089
mgAayliC 13 5T EDBMRE I N DO THE T 5,

2. EBRFE

2«1 %8
%?&%QH%E:EQBO8E,EﬁﬁE%EH
=

REET =44 — . HiTHFARS

RO —hy ~FS5Vv7F  HIbLEF VT

Ny U5y v FRIEAS v Bib Rk EE
K#7 v
AEOFEAR, T ovRVFV7HED=A 7 0ER
v MEHWI,

2 « 2 HEBLUAESRE

EREER (1000ppm) - HEFEL3 33 9%
IKBRAL T b ) v ARIRICER L, BRERTHEN: & L
%, KTLEER10E U, AKE, 0.025%<7 %
VY LR TEERRL THW S,

0.025%< 7% VoL M~/ % vy aMg
(NOg) 2+ 6H20) 2.64 ¢ /K1 LiciEh LR
U7zo
RIIESBESITHRELR VI, Z0MOEAEIZT
BEREELHY, AEdicMis s LTazhtn
SeFkiT, FHARICK > THREAMIE Lz, ERicH
WioKiE, BEKEA v RBEIEICECTRE L,
AEASEHIKFTAOREED SOHIRGEZEA L
bDOERAVT, BYEIBRBLROTBR L D%
RIS & Ulco BPEIEKEE., <k %E L1
SDOERAWI, RYERIIKEER, FExbWi-bD%H
Wi,

2+ 3 HEommE

H—L U722 ¢ 2RiEL Y RV &5 1,50



DR~ 7% V9 LER 2mbAEINA, L RMB LU
Bl s, BREREEAHCT6 0°C, 1 2
g5, a7 REDLHE LI L LEEHE,
TELHETHYILADL, Bikvy RIiTE0 & 5%,
W1 meE A, T b 7L — b ETHEEZPALITME
L, SEARRESES , 20T, 5 0%/ v
v L 2wl A, AEYHEERETAETLYY Raky
P 7L — N ETBIEZPAIINAT S, TSRS
o ab I RMUEERLUCENE, BT
550C, 5uElkAbd %, Wk, 1 ONKEREL Ome
Ty KELY, JEESK e — MCBT,

2 - 4 TEBREE
FRERBBRDOA > fo e — T4 0% 3 91k
HY L0 5mlEMA, 30MKEL, slioek%
3T, 7 o akva 5 mld T 20l LA
B B, DT, soufkafiEs L, ToeEi
Hilh o b %A 0.0 25%B< 73 VI Ll 1 ~2mT
F L, dHINE 2 0 ul AR T b w4 b

OEBANUCTEA L, & LICRUTEMT, i, Ik,

ALENTRIT Y, sk RO T,

*1 M S48
W HAL 3 0 8 MSIFSE L GlikEks v7ic

£ BNy 75y Y PR EAE) |, B
VHFA #7537 547 b= H—

N P ek o—AY —FF3 v

7 7R D 1 8mA

WE 193 7n0m

WN=UHR 7y y, 0.7 4//min

WD 100%C, 30sec

At . 990°C, 6 0sec

ik 22,50 0°C, 1 Osec

3. & R

3«1 SBHEKEMDCGENLERER

T A DEGKEESNC OO T 1 ME S 328 2/, Al
41 0O ZEBOMER R L 2ICRLUI, €1
FROMIC OV TIIBEROETHENS A, HIHDF
Vi3 8. 5ppb, B4 1 1. 7Tppb, #JEH 1ppm, B
S UKERDELTHZ 0.2 TppmTH »72,

3+ 2 IR AD b FREUAN

ERets e BIBIUE AR Bic i3, BT 2R8HON
NEEMICHA LENH B0, £TONBIITEIRT
HHI, INEFELEET 5 T & 3t TR

TEEWVRABE, ZCTEARIK LSS 0 FEE
(19754 HREEFEHEY £l LT, B
Ri1AHLOD 1 HICEBIT 5 AMm&E4AKD, 3+ 1
IR LIS BARKENT D e RED S, £ ROBEIE
KD, RIWEDFERERL Iz, T oid, EFE
H o EE MBSO EIC LY, E ZOEERNE
B L7, e Zo—maiEE s LT, i
TAHUREM L FEZ OB D, —Ih, TNHIRDNTIE
EEgTICER L,

3+ 3 tbXENEOHMIZOVT
FRIADIEICH 1 B AR, DR S8
Ik AisEm ol RIS EREEOARLE
LD, YEROHEBISRICE LT DTS,
Z O T sERHISRIR NS 1 9 8 BAEAR A FITHEIB LT
W B EVE TR EE T A ] O Tl AT R A DFER
DESH LD ZDEBWBEATIE Lz, 2OMRRER
4R Utzhs, e REBEEZ0.0 9mg/ day iTidd
T EMFMENS, HA, 1 THRT (1 96 44)
O & FAHBUE A E U < R I 2D A D AT
LTH5E0.1 2mg/day (£5) &1 97 54EED
i (0.1 3mgday) &3E AERUCMITH -7,

4, % =

i 2 DRELKPEIN D O B R G1RAME L, RIEA
D FKEREAHEE Loy, Silkhho e 28 n 5
b, ERTHIAKICOOTIE, RO 1 Z o
0.0 3ppmiiif& TH 5 EME LT %, ~-JSchroe-
der 5% ASHIE L 74t 1E, 7 A U A7EK 0.1 3ppm,
THNABNVENC A 8ppmTH D EHE LTS
72, Woidich 519 ASilllsiz U #4112 0.0 0 3 ~
0.4 33ppm T, Y 0.1 9 dppmTH B EHE LT
WD HADIMENIL0.0 4 6~0.05 4dppm, FH
0.0 5 2ppmTdH 0, 1MES DI & 0 #1EiiTH %
D, BEPROMAR Ui, NSO S EZ L L
KRTBOTHERSN LRI TN c £OIITE I,
ABIFEK & AR OHIICH B LD iIcB A 5, INET
SV, PR IENER, 99 5ppb, fivv 61
ppb D ZHE LT 5, WoidichS'0) (/8485 8
ppb, f¥Y 1 1ppbTHBE L, HIFSID (2 0
NHAKI (1 0ppbLIT) THBE LTS, ¥
DMEM L, /N 3.9ppb, /¥~ 7.9ppb &, Wo-
idich S109MAISI) L ZIFRMOM TH -1,
FHOE HESRITOVTIE, SHOMER IS S5
56,1519 WEMNEDTEICH>OTIE, HED L5~



* 2 BeADORKEHH OER

"E

EHREE (ng/g,n=5) £ m % =3

tn % BE (ng/g n=5) Z &
ok 516+ 32 462~ 544 + e 1,700+ 290 1430~ 2,200
N 36+ 33 0.2~ 178 RKExE 970+ 280 680~ 1,380
FyEDOY 46+ 24 32~ 88 A H 860+ 320 560~ 1380
K& 136+ 3.2 110~ 1890 ang 350+ 300 130~ 850
N 123+ 38 76~ 180 4 vEF 970+ 460 600~ 1,700
g8 33+ 1.2 2.1~ 51 i 1,170+ 750 480~ 2400
=1y 36+ 09 23~ 45 A v4 1,160+ 690 420~ 2,200
) 79+ 1.1 70~ 9.1 S 900+ 260 610~ 1210
Ny <70 890+ 70 790~ 1000
4 &5 E&ZAkin 970+ 40 910~ 1,040
Ve HAE 0.2+ 0 o 680+ 270 360~ 950
e E 1.8+ 0.7 0.8~ 24 Ay 770+ 650 310~ 1940
B VY rE 860+ 180 650~ 1,150
Fal 43+ 19 1.0~ 5.7 s 4 390+ 300 140~ 450
A 152+ 29 140~ 190 a4 90+ 40 30~ 130
FF 4.2+ 17 1.6~ 6.0 7Y 2690+ 530 2080~ 3150
KR 6.1+ 19 3.0~ 85 ooy 968.1
AR 61+ 5.6 0 ~ 200 | ®INTE
N7 19+ 14 0 ~ 35 YTy 624+ 10 50~ 80
51T 670+270 300~ 970 F oy 120+ 89 110~ 130
NG YA 0.9+ 08 0~ 18 #H=Ha 60+ 10 50~ 70
777t 320+ 60 26.0~ 400 v il 830+ 80 750~ 9590
Y aVFEY 46+ 33 11~ 78 S # 268.0
=7 1.0+ 04 06~ 1.7 | B3
—v=7 45+ 6.9 0.8~ 16.7 VU3 1,900+ 430 1,400~ 2,600
v—< 0.2+ 0.2 0 ~ 05 N 1,820+ 100 1680~ 1,980
¥y 455+ 19 430~ 472 | #sesa '
=YV 1.9+ 1.7 0 ~ 37 HT 5% 2760+ 830 1,700~ 4,000
vy =z 0 - TYHIY¥ /Y 17400+8800 9000~31,000
2l e SV Ny 24+1.14 11~ 45 EYF 3680+2,050 2000~ 7,000
A RF v 24+ 10 0.9~ 33 | ;Wi
k= b 38+ 20 1.2~ 6.8 YA 269+ 83 170~ 330
EB 8.5  UEF 183+ 56 9.0~ 230
REH AN 84+ 3.1 50~ 130
IHhYV 68+ 18 5.0~ 938 7 4 fF 28+ 14 1.6~ 5.0
AoV 1.9+ 04 1.0~ 23 <zt 55+ 2.1 33~ 81
NF 1.3+ 038 04~ 25 H 97+ 5.7 20~ 165
+ v 23+ 15 0.2~ 39 B 300+ 27 280~ 340
=) 17.0+15.7 3.2~ 433 S 40.2+105 300~ 570
vev 1.5+ 1.3 0.2~ 33 il 286+ 40 24.0~ 340
TR 58.0+250 24.0~ 940 LS=H 27+ 10 13~ 42
NAF T 50+ 40 11~ 118 ISE2) 3.6+ 24 0.5~ 6.0
S i 117 F—=x 40+ 1.7 21~ 66
EXOYER:| INH— 14+ 06 07~ 22
VA8 30.1+=145 58~ 425 | zoif
VAT 1524+2177 126.0~1920 ¥ a Uil 90+ 3.4 5.6~ 130
b 3.0+ 05 23~ 34
+ & 2ih 11+ 05 04~ 13
P 23+ 12 1.1~ 40
R 615+423 176~1200




#3 BEroOcROENE

&4 1985 FiICB sR MY ODHEE EREIE

R CRRYE CRERE

& fit (8 B/1AXM84)®8, B/ 1N
B2Y)
* 2483 516 128123
INE 902 36 3247
FoM(rweoay) 15 46 6.9
4 =85
Ty 4E 221 0.2 44
zofh (y<4E) 39.8 1.8 716
ks 146 3.0 438
XAy b (BYRA) 29.0 615 1,7835
g
+ & * il 158 11 17.4
5k
IV 20.8 123 2558
xg 464 136 310
oMt (4 v vE) 2.8 5.6 15.9
iy 1935 117 22640
[i%a 246.7 8.5 2097.0
B 5 A 49 2,760.0 12,696.0
vEE (D 1197 2.3 2753
£ 940 9681 91,0014
w(7%) 64.2 8.4 5303
gy 415 300 12450
3, 984 27 2657
AE (F—x) 52 4.0 208
Bl 1,3994 1263716

o = EIE CRIRE R ENE
o EB1N(ng £)Xeg BN

B

¥ 2750 516 141900
INEE 63.3 36 2279

Zofth (b EDIaY) 30 46 138
T ACEY EED 388 0.2 78
BopE 19.9 3.0 597
g (4 R 180 1.1 1938
a9

K& 450 136 612.0

NV 244 123 300.1
ZOM (4 v v ) 4.2 5.6 235
) 1105 117 1,2929
Bz 2686 85 22831
f 700 9681 677670
rW(7%) 400 84 336.0
gp 450 30.0 13500
3 1700 2.7 4590
A (F —X) 50 4.0 20.0
& &t 1,200.7 8896 2.6

* [ REEDEE AR FE24005 5| 1

1 10ppb, BASDE40~290pph TH5EH
ELTVD, Ah51513) 3, 2HOFFHOER%E
HIE L, KEDOHIBMIARETHBEE LTS,
LR, HoDHOWIRAEETOERRAS 1 0ppb
THotetth, ZNUTORBED c ZBANETE
B ostclchdEEZIoNb, EHEOREETE, R
SOBXHED e REBEIISppbAlETHD, EH 8.5
ppbERL, BV Y, YT 5FE, hTOEENI 0~
7 0ppb AR EMOBFFEHOEL D SEER LI, B
iconTid, BIEREEROEAR LD, T
(5 8ppb) , BLUY vz (1 Tppb) MHEWVHE%E
RUTe ¥/ 3K OWTH2EEDADREICE &
Wi, Y454 (30ppb) , ¥2Y (15 2pph)
& OB FHICH LEE 4R L, Schroeder 55)

*x ZEDDF —» — LA

<w ¥ V—AhDOEFEAREL 2.9ppm L EWE
EFWEL TS, 20T EMS, F /7 aliT-—BoH
FHICH L, eRZ0EEECEEN T AHEMNICHD
bOEEZOND , BHIC SV TREEFELRBICH
RLTEREAFRECEENTOEE0DNTNS

5,6,10,12,15,16) hEz6) {13 0.5 ~ 2. 0ppm FIETH
O, Bd 519, K305 ~5.0ppm THBE L
TWb, %/, Woidich!® & bFEEDEER LTH
b, EEOMES BIEHEOE CEE% 1ppm) Th -
Too WBEER (4B) KHOWTIREYSppmBiERTH - 770
thEE O (3 #FHE 0.0 7 ~ 1. Tppm& 4 LTV B 48,

BERELEZON G, R/ ViIKo0TiE, IS
174, 13~3 3ppmDIEAR LTV 5, EEORE
B ES 1 Tppm e, BIERBOE TH »7fco A%,

BLOBMIC 20 TR, BB, AFENEDSR
I DOWTHIE LTV 348, #Z D¥EH 6 5ppb, B
Ml 1ppbTHBELTVE, —F, HEO I, &%
532 Sppb, B 1.5 ppb EMAEDRITIZ RS 15358
HbH. HHDNEMIE, A%, BhE b1 0ppbRik
Th-oTo REPOERBEICDOOTIE, Schroeder
59, BLUPRED X100 ppbATHE, Kingsley!®)

i



#5 1964 FicBU) R R, OHEE LR BIE

a8 EENGES cehan
e

% 3543 516 182819
IhNE 629 36 2264
Zofth (ryEDaY) 80 46 36.8
4 x5

Ve H4E 740 0.2 1438
% 148 3.0 444
XAy oy b (BRT) 30.6 615 1,8819
HhAs

> & X 79 1.1 8.7
GE

RKEBL IV 687 136 9343
ZOM (4 vrv=2A) 5T 5.7 319
L) ' 1277 117 14941
B 2264 85 1,9244
i ¥

H7 H R 47 27600 129720
& 836 9681 809331
W (7%) 306 84 2570
Y 302 300 906.0
9B LU 462 2.7 1247
RESTY () 61.4 23 141.2
& &t 123179 120,21 36

x ERFEEOBRD »hoEIH

i35 6ppb, Bartrand!® X6 ppbTHB&E L, Th
FROMERTEBEEETH S, TN, {EMHSEIRY
LERIPICERT 3 tRBOED, ERENEDENR
EW—REWR >TWBHDEEZ LGNBL, EbIT,
BHEZT, B, BESEOLEAESEIOE RDIERER
BB ESHET SN TS ot TENRXIFER L
BoTOhbDEELON S, FEELHET LI ED
ZIGHLUTCRELER, &, K ERZNhZTHh10
ppbLl TT& ¥, Bartrand!® Offi & i212FE—DET
Botro —F5, BICoLTIE, Ah i, EE
T ORBEOEBEESZ L RLERICHMEL TS,
Fhicka &, B8R, <=V H Y, o0 TRAES
DI ST N TV B, e RITOVTE, BlIEE
5, BRABNCE-TNT Y F, BEEEZRVWIETICE
B> TV, KL, Frost?d 3, SIEHOE
FEE RIREATD FND 2 5 BEBRETH 5 LT

W5, EHOHUERRTE, SHEMHEE 4 Oppb,

PRS2 Oppb EHREIIIFHDOLEREELD 3 8% S
BECEESNTOEC WS E D, Frost2?
BBRRTWB ST, FEEFIIALD bEBEEICER
2EBTAINELEETLIODEEL OGNS, FHIKKD
Wi, Woidich'®5 i3 1.5ppb, Kingsley!®) i3
13ppb, MRO I 2~17 (F#57.8) ppb O
hdb, EEORIEMBEIZ2. 7Tppb &, OREE LM
BOMBTH -7, £ MELIKOVTHES I, 5.4 ~
127 (F59.1) ppbZWME LT 3, FHOH
EMEI20.5~6.0 CE¥E3.6 ) ppbTH 7o

P toflEEs» SEEREFABEEREDEICLT
197 5SEORBEOE RENE A RO @I, 1A
$7:00.126m¢day XD EWHLMEL -1
B, CHIIPROS1 96 0FICRLIARADER
BB OMO.1 3 Tmg day &BIE—HLETH -
tro E7, SGiCEEI, b PRPEROFEEEEN
6 TppbTHHL EAWELLIIN, Erl HRE
2120003 5%, AMHOERLEZERDS b,
6 3 BDBRDPOHEESHTNBC ENTFRITE I,
7, ERFEAESEGOSER L e RERED
T 2% pRBEICHREL , BE, S 1.6%, ABLY
ELLEOTHLLBTHO, *, BEE,LOI,
ZhEN1 0BT ODEETHB LWL -
oo —HMBFI3 O4EE (1 9 6 48) OHEXERAE
g2 2 b bic AERIE L AR LTRREA
D1 1ERO RENBERELMER, 1AHRD
0.1 20mgday(35) EHEFIS OFERE (19754)
D0.126mg day LiZIEEICETH 1o T, B
1 0FEHOeZELAVBEOEEEDHELH 5
£22,23) 1 9 6 GAEDBERERIZ23,700t,1975
315400t &1 0ERTHS b BOEEEDRE
PERLTOEN, cRENEN, BENSEL
1 1ERIOMEO0.1 20mg,day (1 9 6 44E)&1975
FEDIE0.1 2 6m3 day DS, iFERE—EAR LIz &1k
SR~ ki, BT 5 & RO 8 EHSHBEYITH
¥T 51, BEERT S ERRBICOVTIE, VWEF,
BEREOREFEROPENL EAEEZ D TRV
EICEZON B, & TAFRO £ BERBIC OV TH
ELTHDE, BEMBRASOEIELTNS1985
%2 FOERAEEEREY) o L HENEEREL
FoEiX0.0 8 9mg day s, 1 9 7 5EDE FEWED
HWT0BBOTHENESNI. (K)o THIRER
BHNEBORAKERNTH 2HOENED1 9 7 5FEDH



7T 5BRICHDT B ETFRLTHNB1:DTH S, Tk,

FHEADBEEOABHERATFEEEROE 5D
LT A EEBOLIEOTH AN, HEOEHBKKL
Halic L5 EERBORDIEEICLD , ADEIE bR
WEBAERMESH D, BRSSO KOREBIER,
4%, BAICTEDAHH, BLLTHLbDEEL
HNbo

5, #& &

HIREKEMTDOLZEERKY, ZOEIOERRE
BRBAEEL DL ICULT, RWRAOFHN S 105
120 O ERBEE A KD, ZOFEER, 0.12 6mg/
day OBBETHE T EEHASHICT LI, ERT S
FDHL, T 2%PHEE,ICOERUCHKL, AT
HBAPOII1 0%, BEHEILO 1 0BDEETE
W EpHEflEN, LT, TNHEELE
FEDHL, 6 0B, SHR I NE b DETFHS
Nic. i, 4%, cREBNEZROEBIEDREDIC
H->TRDVT EHDEEZ LN,

X ®
1) Birmingham, D. J., Key, M. M., Hol-
aday, D. A., Perone, V. B.: Arch, Dermatol

91 457 (1965)
2)  EHRRK, BOfR— D ERERF, 18 103
(1976)

3) BTN« BREKRERE-EER GREEYE
#®,19 133 (1978)
4) Tenth Report of the Joint FAO/WHO
Expert Commiteeon Food Additives : FAO

Nutrition Meetings Report Sevies No.
4 3, WHO Technical Report Series

373, 14 (1966)

5) Schroeder, H. A., Balassa, J.. J. Chron
Dis, 19, 85 (1966)

6) WRIERE [ RRMIIARFEMEE, 9, 541
(1960)

1) AR D ofb¥E, 26, 667 (1977)

8)

9)

10)

1D

12)

13)

14)

15)

16)

17)

18)

19

20)

21)
22)
23

23)

24)

EREEOBME - EEDIEE « [FE 2 4,
384, BEa#ittna, HE (1976)
ZREATHE D REAE, 41, 490
(1977) £bslHA

Woidich, H., Pfannhauser, W.:
Chem, 276, 61 (1975)
BRAKE—, 025k, 5] | RERARTERS,
10, 84 (1970)

Mz, tdwEz, mdE—, ERER &
Bk, 14 196 (1973)

Bz i, thdwE, Hodg—, EHEER G
4+, 15 313 (1974)

Kingsley, G.R., Schaffert, R.R. . Anal,
Chem, 23, 914 (1951)

R.E. Remington . J Am. Chem, Soc., 409,
1410 (1920) £v5|H

Hob 2 i, ez, Bdig—, BEER, 8
sk, 15 390 (1974)

TINEEE, EER, SFEEETF, &C TRE L,
12 330 (1971)

EfEIEE, EEEY, S\iaHRE ATREENE
FriEsk, 6, 70 (1962)

GIREERE, AR, (DEREk | FEEIRE,
21, 234 (1979)

FHEIER, MEEZ, RNk, JEAAE T AR
SOYy T )y, PeiltE, 3, kL, W
(1972)

JEAEE AR K ERR - B RREOTIR,
P212, B1IHKR (1977)
EMERBUR Y R R | BREE
—1970—,P 5, OAMYMEHE, B3R
(1970)
BREBEEEY R ERE | BEEE
—1977—, P 14, BXWMEYGEHE, ®
H1977)
D. V. Frost .
(1953)

Z. Anal

Poultry Sci., 32 217




A

RKBEOMTRKOBEAFEZHIF(E 6 )

~ B b ik o H R ok ~

& Ok

#EHFE M F £ W K M OF B A NET
ABRH = OFoB O %,

(R 90 5 S BF 52 BT

Hygienic Chemical Studies of Groundwater in Ibaraki

P refecture (V )

Groundwater in Northern Area of Ibaraki Prefecture

Mamoru SAITOU, Nobuo KIKUCHI, Tokihiro SASAMOTO, Yaeko
SUZUKI, Kyoko KUBOTA and Kaoru KATSUMURA
Ibaraki Prefectural Institute of Health, 4—1, Atago-cho,

Mito, Ibaraki, Japan

1. I UL&®HIC

AREBERIBEKELRELSHITKESL7-DOE
BEREELCEABE LT, #iTKOKEHAEE
BEALEN I DL HIT -7,

Bk LRSHINT B W\ TR0 ME | —E D%
BOTRHEFFBSRZHTH S, FICEHAFKEHEY
& L SEBEFFKRDIIE VW E T BR3P0 2B T ERHAFK
iT Utz BRKHIAS (3T & 5 12510 [LE BT 3 B sk DK
BABERBTEDLIIGRAL,

W5 34E1 0 AL oMM 5 44 1 Bich i Tk
L, BICBRAITODIEM S 4FE 8 HiciKkLT,
1R GEEke 0, AT 6 T#, FUK1H
DL 6 8HITH>VWTHE L

2. AEME

FAEMIBITBEAI O KR FH], BERH, KIEFH,
HREAHTT, Sk, (L5, Kehr, DUERE, #H
WY, bk, @#kdfi, 87, Banfio 1 3y
RNTH 5,

3. i, HE

3% 1 M
FEMHOME (K1) GBS AR

FHFICE O TR Lo —B% S B, 52 E, A

% o L & 7 OFERI%E /LD S AR & OB %R
ICIEC %\ LD B B
Z2BIMEIEELEBLL400~500mTF—4A
KoBREEED 22 LT» 5, AZIMEEE, A

Bwlic s g h, TLIcETOPBENEL
BiF b SR IcHEN A BN, LB, AR DB
L -TEIRD SNTHL, HEENICIamMpSs &
WHRTY B,

Ha

[restisnds

1 #EEMBOMIEX S

AL AN, FEOEIC L - THl S h
AN BT, BE, LD 008 a0k
Mg ic BT 3 DA, B FILRTH S, S
BBBELF400~500mTH S,

Fho, B, EHUE T NS Lo LR
B L OBEMBICAA L, ARNEHEIIc}SEh
F2 LT HT Ao & BRETH—42 I (B 2 5 ~ 4 0 mDH



HEHASH S,

3.2 HE?2Y

RO E OEE G, b, TR/ \E LT
BERERFE OO MITEHER LFEh, MEEE
icbkE, BE, F+r— b 5ig5,

SRR EEROEASS, L&, Hidd
B354 LT b,

B GARN, B IR O\ LR, AR L
AT B0EEEE LT S Bk » TH L
WHIEHE > T 5, Fhrk Dttt oE)iIEE, R
RIEEE, BERINE, Mo KBI» S8 ->Tind,

BINEE G\ BELHORZICZE > THHELTED,
Tica, Wa, B, S5, BREL 555,

BREBHEAR IR AH L TBD, Zodic
BRILERENSE TN TN S, TICHE, B, B
BkAah ol s,

ZEIHIER OE=2 1, bk 5 Bz,
O COHRICE > THlER < 2B L O BiE 5 % A %
BICBEB ~THENY 2 0B LTV E, ZoHilgo
E=FRE ALK Dt A OrKBEE, dhirit
DGRERN, ZEEN, $HttoAsIER Y, 515,

BEASBEEAKBHITCEBREMNICAHL, &
WIRAITE LR IC A Hm L0 BiIcd £,

Tk, BE, BRELSES,

SEBRHIAHIRICEL AH LT DT, il
FEE, REERE, RAEBRED L5, LG
TR E RS THECRIREREAIES ATV 3,

BYEBRETRcHIHRICOm L TR, HILHS:
& LB LBUREBICA T SN TV 5, B LEIREEE
T RS ERRERIS P 5100, —IRickhE Pk
EEEHITS,

PR BRI ORIR ICA  ARB R
WEERRLICETT 5, SO RIHERY OIREELS
Elck »>T LML, Bk, FRBEYD5EsonT
W3, Btk ~TES @GRS, —Mic BT, B
BRAREETHY, B, B Mt BEEo—L8%s
ED SR, FTHBEREHEBTHD, BH o —LE
ERE, B, B, HHEREPLLS,

AN, BRI OBEEY O il RE R G &
MOEBEERTY) THB, wEHERO Fh, b
R O @B ML TR, = W)L s
BREETH 5, FAUBERY GERETH 5,

HIURRER, BELSICHNTES, BEAHT
RIESHHT 0~3 0mThD, BEMEHEROTE
dbNE] S ICHE > THICH {18 - T 5,
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FEHIE A IKEDER AT 5 LT 20K IICH T
1o

55— (AR, BRI AL 4 2 AT,
(OGHT, KERy, JIUHET, BEHET, No 1~ 2 8 OHl
FEET, MKMERRESHSDABRICH B, No 2
FRBEEKE OB BEOHEK, N6 (—HBEH
%) RRREHO/NMEEOHFKTKEICIEZ L
Wo TNHLUADEKBIZENZTH S,
ITHIRKGEI, (LEN, BINERicAE T 8%
K, KR, EBEKET, £UHNT, N2 9~56
DS EETL, LRI TR REERTOFE RV,
i, (LB o tiEicd 2Kk EH EEE o3 3~
4 4) TRHMESERETIOL L, MEERREORER
DI, BRIKHIERIE S A EDSBRI R T IS B,
No.o4 7~5 0RipED/NEREDOHFK, Tholist
DK FENRTH 5, LpL, BKIKOOVDTER
MTH3,

=X 3B LB 3 A4 bR, Sk,
+EB, HZHT, Nob 7~6 8 DHIEAETr, K
HIS A B ISP B EICH B, AKEEIN 57, 58
DEEEE, Ne6 0, 67, 6 8OMEETH B,
No.6 1 3EE (FEEE) oHFK, N.59, 62~66
PE OELEBHOFFKTH 5,

5. ARRIER, AEBAE
ABEHEKE, p H, OF, BE, ZRRIEY,
BER, 7VETHER, BHBEER, HBUE
R, BwvAVBAY Y LHEBEE, TOC, Tuh
B, BRA4+ v, RBEAXY, 79K, #Y9 L, F
FUD L, ANYY L, =T RV L, BEE, 8,
Wgn, v Y, A48, V) VBRO25IBETH 5,
REHEIE EFBRARIC L 7o TOCIRI IS, K
0102 IHEBIKABAEICEK >,

6. BERELUBZE
HRBERTR 2, KEOHEERE 3 ILFT,

H F K (608 B Kk (1#) R K
BNE~BNE TE SMERAE THE (M)
7k # (°C) 75 ~171 150 130~215 172 117
pH 53 ~98 683 59 ~97 793 7.1
et E (E)0 ~40 - 0 ~5 - 10
[ E (E)o ~8 - 0 - 0
BERBEY (ppm) 67.2~425 2211 77 ~290 1776 55
B E F(o/m) 604~600 3006 796~450 2520 796
NHz — N (ppm) 0.00~056 - 0.0 0~0.0 2 — 006
NO; — N (ppm) 0.00~0.15 - 0.00 - 0.00
NO; — N (ppm) 00 ~185 443  0.00~3.0 0.73 04
KMnO«##E&(ppm) 06 ~36.3 318 09 ~26 442 9.3
T O C (ppm) 2 ~§ 33 2 ~3 26 4
Tk YE (ppm) 9.1 ~217 628 232~194 931 141
Cl (ppm) 45 ~466 2104 59 ~220 987 59
S04 (ppm) 0 ~145 374 7 ~40 200 12
F (ppm) 0 ~23 014 0 ~17 046 0.0
K (ppm) 03 ~74.0 821 12 ~47 233 14
Na (ppm) 46 ~110 270 46 ~100 355 5.4
Ca (ppm) 02 ~720 1584 08 ~53 1124 2.3
Mg (ppm) 0.0 ~180 544 00 ~70 214 20
# @ BE@ppm) 1 ~203 681 3 ~161 441 19
Fe (ppm) 0.00~75 041 000~024 0053 024
Zn (ppm) 0.00~0.68 0.050 000~0.14 0026 0.00
Mn (ppm) 000~0.35 0014 000~001 0001 000
Si02  (ppm) 0 ~60 271 19 ~61 354 21
PO+  (ppm) 000~080 0131 000~045 0188 000
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6«1 IKEOHEZE
6 11 7KE

KRERIFFAKTETS5~ 17 1COHEHAT, FHE
i3150CTH2B, N5 7 (7.5C) (FFEHEEITHA~
IEFICE D, FAEREOTIED 8.5°CEEL, HFEL
30mEBVWIHDILKBROEEAZIBREEDN
%, EKDON03 6 (2 1.5CT) BMITF/KDOFEEMEiclt
NE D,

6«1-2 pH

PHRHIHF/KTIZ 5.3~ 9.8 DEETH Y, EMHE
i26.83TH5, T.0KiGH4 1 FTlRELZETHIT
KB e KEREICHE LIEWHFKT, 5.8 ki
i¥No.2 7(5.3), 17(5.5)THD, 8.6%MA 2D
[3No. 4 8 (9.8), 50(9.5), 49(9.3), 9(8.8),
47(8.8)DTHTH 5, HEKTIEN.37(9.7),
36(8.8), 35(87) O3#HTHh5,
6+1+3 @E BE

BEIHFKTE00~4 0EDOEHMAT, 0EH4 4
HThb, KEHELBZ 20D(EIN0.3 (4 0F),
9(128), 56(10), 17(8E)D4HTHE,
FOKiZ1 0ETH 5,

BEGHFKTIEO~SEDEHT, 0EMNS5 54
ThH bo KEFEAZBZ 201N 3 (8F), N5 1
(7B, M52(6FE) 03 THhH5,

No.3 (3B, BME L bIKESETH S,

6«14 ZEFBEEY, BER

BABREMIHFEKTIE 67~ 425 ppm DEF
T, FHEE22 1.1 ppm ThH 3.

BERZIHFKTIE60.4~600xv /o DHEIFET,
EEEZ 300.640/m THD,

RIEREY L HBRIBEAA 4 v OBE EBISH
BBH 0, RHIETORmKS 35S  IEDHHEI ¢=0957)
BHb,

615 7TvrveoriEk mEREES

T rvE=THER CEHREESEOREERE T 50
&, HFKDAHN3, 9, 20, 48, 49D6H#T

%,

FEHMX TRERKRE T 2070,

6 «1-6 fMEHER

IR ER EH A KT 0.00~1 8.5ppm @ &iff
T, ¥HfEid 4.4 3ppmTH B,

IKEEEEZ B Z 5D 3No. 8 (185ppm), 25(15.9ppm)
19 (15.0ppm), 55(128ppm), 16 (123ppm),
30 (123ppm),39(123ppm), 11 (10.2ppm)®D

I TH s, ‘

—RUCEHF KGR P KICHNTEERNS D, &
HU TR RBEL 2 2 HFKIBTNT 2 0 mPlED
BHFKTH B, BK, IRIKTHE 3.0 ppmbll FTCH 5,
6 «1+7 KMnOs HEEE, TOC

KMnOs {HEEZHF /K TIZ 0.6~3 6.3ppm DE
BT, ‘Fi5Eid 3.1 8ppmTH 5, H/KDEHE L,
4.4 2ppm, RKZ 9.3ppmTH 3o

IKEEHELEZ 5D 3 FHF7kNe 9 (3 6.3ppm) 14
Thbd,

SEEEICERTHEF ICEESIE L, BRickd 5D
EBbNn b,

TOC JEHFKTE 2~ 5ppmD#EIH <, SEi5{E12 3.3
ppmTH 5, 3, dppmMENFN 264, 2 34T
20, '

618 7uAVE

TN ) ERHFFKTE 9. 1~2 1 Tppm OEFET,
SEMEE 6 2.8ppmTH B, N50(2 1 Tppm),
64(202ppm), 49(119ppm), KELFT W, &
KTHEN. 59 (1 9 dppm)AEW,

FICEHFKOBEEIE WV,

619 ERIAV ‘

B\HERA A VIIFHPKTE 4.5~4 6.6ppm OFEFT,
FEMEE 2 1.0 4ppmTh 5, HEARKOEHMEIF 9.8 7
ppm, RAKiE5.9ppmTh 3,

FH—, BHIX ORI, IR EFE XD
MR ICRE D Z L0,

6110 HEAA4~

WRER A 4 V3 FKTIZ 0~ 14 5ppm DEIFHT,

EHEE 3 7.4ppmTh b, —MRICEHAFKITEIS

TRICHANTREMSECDS, RMUE T lKER, B3,

+ER DFEHFEKITBEA T,
61«11 7%

7 v FRAIFFKTIE 0.0~ 2.3ppmOEHTEH 3,
3 41FD80.0ppmTH B, KERHELZMZ 3 DIINo 2
(2.3ppm), 50 (l.4ppm), 4 9 (1.0ppm) D 3T
H5bB, FEKTEN36 (1.7ppm), 37 (1.0ppm)D2
HTH b, KL 0.0ppmTH 3,

KRN IEIRE OF OHl Tk A5 b,
6112 HYIL

H Y Y MEHFKTE 0.3~7 4.0ppmOFHE T,
SR 8.2 1ppmTH b, WERKHTON. 55
(7 4.0ppm), 54 (6 6.0ppm) (T EH ML ~IEEIC

B,



61«13 FrYD L

Fh U AFHFKTII46~11 Oppm DEFH T,
SEEMEE 2 7.0 0ppmTH B,

F— BHXTEBEAAOFTF Y v ADY
EUPR &S OHITKSZ O,

6114 Hvoas

AW L EHFKTE 0.2~7 2.0ppm OFFHT,
G 15.8 4ppmTH B,

FEHXTEEA A DR THIVY Y DY EHHS
RbEEVHITKEZ O,
6+1+15 =/FxvUL

2RV Y LFHFKTI 0.0~2 0.0ppm D&
T, E¥EE 5.4 4 ppm TH B,
61+16 HMEE

BEEEHFKTE 1~2 0 3ppmDEE T, EoE
(6 8.1ppmTH 5. BKDFMEE 44.1ppm, R
K 19ppmTH 5,

IR OBRFF K FIBEAMEL , S MK o# Tk
FEBESEO,
6+1+17 &% |

#IIHFIKTE 0.0 0~7.5ppm OFEFH T, SEHE IR
0.410ppmTdH 3,

IKEEHEL M Z 2 DiENe 3(7.5ppm), 4 0 (2.8ppm)
9(2.0ppm), 52(2.0ppm), 12 (1.4ppm),
23(0.7 Oppm), 25 (0.6 Oppm), 56 (0.60ppm),
1(0.5 0ppm), 51(0.50ppm), 17 (0.4 0ppm),
45(0.4 Oppm), 63(0.35ppm) D 1 3HETH 3,
BK, FUKTRKEEELZMZ ZDEF0,

6« 1+18 8, =vHv
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