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Summary

Raw cow’s milk (test milk) and feed samples were obtained from two dairy farms in the coastal area of southeast Dian-
chi Lake, Kunming City, Yunnan Province, China in July and September, 2013, to determine their concentrations of cad-
mium (Cd) and lead (Pb) by inductively coupled plasma mass spectrometry (ICP-MS). As references, the concentrations of
Cd and Pb in raw milk (control milk) and feed samples of cows conventionally reared in Japan were also determined.
Concentrations of Cd were not significantly different between test milk (0.39 *+ 0.23 ug/l in July and 1.73 * 247 ug/l in
September) and control milk (0.55 = 0.26 ng/l). However, concentrations of Pb were higher in test milk (23.37 = 6.83 ug/1
in July and 26.22 = 10.83 ug/l in September) than in control milk (1043 + 523 ug/l) (P < 0.01). The mean concentrations
of Pb in test milk in July and September exceeded the maximum recommended level established by the European Com-
mission, and the concentrations of Pb in some feeds from the study farms (corn stem and leaf feed and broad-bean stem
feed) were also above the values given in Japanese standards. These results indicate the possibility of Pb contamination

in milk and feeds at dairy farms in the present study area. Hence, special attention should be paid to Pb residues in milk

and feed at dairy farms in this region of China.

Introduction

Cadmium (Cd) and lead (Pb) have received considerable
attention for their adverse effects on human health, and
children and pregnant women are particularly sensitive to
such toxic elements”. Regular exposure to small amounts
of Pb may have serious effects on growing children, in-
cluding difficulties in mental development (e.g. reading and
learning disabilities), adverse effects on kidney function,
blood chemistry and the cardiovascular system, and hear-
ing degradation”?. A previous study® on pregnant wom-
en living in an area close to a copper smelter suggests
that exposure to Cd and Pb could be related to the devel-
opment of complications in pregnancy such as threatened
spontaneous abortion, toxemia, and anemia, due to in-
creased lipid peroxidation.

China is the world’s most populous country and its
economy is growing at the fastest rate of any major coun-
try; its environmental problems are getting worse. A re-
cent investigation4> in global scale demonstrated that the

levels of Cd and Pb in the blood of women from China

were higher than those in the blood of women from Croa-
tia, the Czech Republic, Poland, Slovakia, Slovenia, Swe-
den, Ecuador or Morocco. In addition, other studies™
have concluded that there is a high prevalence of Pb poi-
soning among children in China. Food is one of the main
sources of Cd and Pb exposure, and Cd and Pb contamina-
tion in food has been a matter of great concern in China.
Kunming City, Yunnan Province, China has developed
in its industrialization and urbanization. The coastal area
of southeast Dianchi Lake, located in Kunming City, is the
biggest vegetable and flower supplier for Kunming City.
In order to increase the productivity of the farmland,
large amounts of chemical fertilizer and animal manure
are applied in the area. This kind of intensive agriculture
practice can lead to the accumulation of Cd and Pb in the
soil, and crops grown in such soil tend to be contaminated
by Cd and Pb*”. Dairy farmers in the area make use of
large amounts of residues and market irregulars from the
vegetables and flowers as roughage (e.g. 28.4-50.0 kg/head

10)

/day on a fresh weight basis ). Therefore, dairy cows

may absorb excessive quantities of Cd and Pb through
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vegetable and flower residues and other fodder grown in
the area. Furthermore, Cd and Pb may be transferred into
milk, which could cause a serious health problem, especial-
ly for infants and pregnant women. Therefore, it is essen-
tial to determine whether cow’s milk is free from such
toxic elements.

The present study aimed to determine the concentra-
tions of Cd and Pb in cow’s milk and feed in the coastal
area of southeast Dianchi Lake, and to compare them with

those in reference milk and feed produced in Japan.

Materials and Methods

Sample collection

A total of 21 raw milk (test milk) samples and 15 feed
samples were collected from the coastal area of southeast
Dianchi Lake (24.7° N, 102.7° E) where there were 30 dairy
farms around a milking parlor located in the center of the
village. Two farms were selected to obtain individual milk
and feed samples during visits in July and September,
2013. On the farms, fermented corn residue, corn grain
and purchased feed were fed as concentrates, and rice
straw, broad-bean stem, corn stem and leaf and weeds
from the coastal area of Dianchi Lake or around farms
were fed as roughage. Vegetable and flower residues and
seasonally available market irregulars, such as broccoli
leaf, broccoli stem, carnation, Chinese cabbage and stem
lettuce, were also fed to dairy cows. Furthermore, for ref-
erence, 5 raw milk (control milk) samples and 6 feed sam-
ples of cows conventionally reared in Japan were also col-
lected from the Dairy Station at the Kyoto Prefectural
Agriculture, Forestry and Fisheries Technology Center
(35.3° N, 135.2° E) in August, 2013. All milk samples were

taken in the morning.

Chemical analysis

A micro wave system (ETOS-D, Milestone General, Ka-
wasaki, Japan) was used for acid digestion. One ml of milk
was combined with 8 ml of concentrated nitric acid and 2
ml of hydrogen peroxide. The milk digestion program con-
sisted of 4 steps: (1) 250 W for 2 minutes, (2) 0 W for 3
minutes, (3) 250 W for 5 minutes and (4) 400 W for 10 min-
utes. Feed samples were dried in a drying oven at 60T .
Dried samples of 0.5 g were combined with 7 ml of con-
centrated nitric acid and 1 ml of hydrogen peroxide. The
feed digestion program consisted of 5 steps: (1) 250 W for
2 minutes, (2) 0 W for 3 minutes, (3) 250 W for 5 minutes,
(4) 400 W for 5 minutes and (5) 500 W for 5 minutes. Af-
ter digestion, the samples were diluted to 50 ml. Concen-

trations of Cd and Pb in milk and feed were determined

by inductively coupled plasma mass spectrometry (ICP-
MS) (Elan6000, Perkin Elmer, Norwalk, CT, USA). The
limits of detection (LODs) were calculated as the triplicate
of the standard deviation of the mean reagent blank val-
ues. The LODs used in the present study were 0.16 pg/1
for Cd and 4.09 ug/l for Pb in the milk analysis and 0.33
ug/kg for Cd and 2.56 ug/kg for Pb in the feed analysis.
The accuracy of the analysis was checked using certi-
fied reference materials (CRMs; milk powder NCS
7C73015 and tomato leaves ARM 1573a). Because CRMs
have no data for Cd in milk powder and Pb in tomato
leaves, spiked milk or feed samples for 10 ug/l were used
to calculate spiked recovery. The CRM recoveries were
92% for Pb with milk powder and 87% for Cd with toma-
to leaves. The spiked recoveries were 84% for Cd in the
spiked milk samples and 105% for Pb in the spiked feed
samples. The results of quality assurance testing were ac-

ceptable.

Statistical analysis

All data were analyzed using GLM procedure of Statis-
tical Analysis System (SAS 1998). The values below the
LODs were treated to be half of the LODs. Datasets were
not normally distributed and thus log-transformation was
conducted before analysis. Differences in concentrations
of Cd and Pb in milks among two test milks in the study
area and control milk were tested by Tukey-Kramer
method. A probability level of P < 0.05 was considered

statistically significant.

Results

The concentrations of Cd and Pb in test and control

milk are shown in Table 1. The mean concentrations of

Table 1 Concentrations (ug/l) of Cd and Pb in milk samples

Cd Pb
Test milk *
July Mean (£SD) 039 + 023 2337 = 683"
(n =12) range ND -0.80 12.45-37.10
CV (%) 59 29
September Mean (%= SD) 173 £ 247 2622 = 1083
n=9 range ND-7.85 11.20 - 46.30
CV (%) 142 41
Control milk **
August Mean (=SD) 0.55 = 0.26 1043 = 523°
(n =5 range 0.20-0.90 ND -15.63
CV (%) 48 51

**Values with different superscripts significantly differ (P <
0.05).

* Collected in the dairy farms near Dianchi Lake.

**Collected in the Dairy Station in Kyoto, Japan.

CV: Coefficient of variation.

ND: Not detected.

SD: Standard deviation.



Cd in test milk in July and September and control milk
were 0.39 ug/l, 1.73 ug/1 and 055 ug/l, respectively. The
concentrations of 3 samples in July and 2 samples in Sep-
tember were below the LOD. Although the mean concen-
tration of Cd was three to four times higher in test milk in
September than test milk in July and control milk, concen-
trations of Cd were not significantly different among 3
milk groups due to the large variation of Cd in test milk
in September (CV: 142%). The mean concentrations of Pb
in test milk in July and September and control milk were
23.37 ng/l, 2622 ng/l and 1043 pg/l, respectively. The
concentration of 1 sample in control milk was below the
LOD. In contrast to Cd, concentrations of Pb were signifi-
cantly higher in test milk samples from both July and
September than in control milk (P < 0.01).

The concentrations of Cd and Pb in feeds are shown in
Table 2. The mean concentrations of Cd in concentrates
on a dry matter basis were similar in the samples from
the study farms (71.1 ng/kg) and those from Japan (67.1
ug/kg), while the mean concentration of Cd in roughage
was higher in the samples from the study farms (372.1
ug/kg) than in those from Japan (30.6 png/kg). The mean
concentrations of Pb in concentrates and roughage on a
dry matter basis were higher in the samples from the
study farms (629.0 ug/kg and 25374 ng/kg, respectively)
than in those from Japan (174.3 ug/kg and 264.1 ug/kg).

Discussion
Concentrations of Cd and Pb in cow’s milk

Table 3 shows a comparison of the concentrations of Cd

and Pb in cow’s milk between the present study and those

reported in the literature in studies on different coun-

19 The concentrations of Cd in the present milk

tries
samples were almost within the ranges of those reported
in previous works, with the exception of the highest value
(7.85 ng/l). However, the concentrations of Pb in the pres-
ent test milk samples were higher than those reported in

12 .
' Furthermore, the mean concentrations

Spain'” and Iran
of Pb in test milk were above the maximum recommend-
ed levels established by the European Commission (20 ug/
kg) W even though they were below those established by
China (60 pg/kg)™. Values exceeding 20 ug/l in the pres-
ent study were measured in 66.67% of samples in July
and 55.56% of samples in September in test milk.

The present results suggest the possibility of Pb con-

Table 3 Comparisons of the concentrations (ug/l) of Cd and Pb
in cow’s milks between the present study and the literatures in
studies on different countries

Cd Pb
The present study
Test milk * ND - 7.85 11.20 — 46.30
Control milk ** 0.20 — 0.90 ND - 1563
The literatures ***
Spain ND - 2.345 ND - 5613
Iran 0.28 — 343 1.84 — 20.7
Croatia 1.0 —20.0 1.0 — 476.0
MRL %k 3k 3k %k
European Commission NE 20
China NE 50

* Collected in the dairy farms near Dianchi Lake.

Collected in the Dairy Station in Kyoto, Japan.

***  Quoted from Rey-Crespo et al. (2013)""; Rahimi (2013)"?;
Bilandzic et al. (2011)".

**** Quoted from EC (2006)"; SAC (2010)".

ND: Not detected.

MRL: Maximum recommended level.

NE: Not established.

%k

Table 2 Concentrations (ug/kg) of Cd and Pb in feed samples on a dry matter basis

The study farms n Cd Pb The Dairy Station in Kyoto, Japan n Cd Pb
Concentrates
Fermented corn residue 1 134.1 1109.6 Conventional dairy concentrates 1 66.1 1575
Corn grain 1 21.6 3155 Vitamin and mineral mix 1 68.1 191.1
Purchased feed 1 57.6 461.8
Mean 71.1 629.0 67.1 174.3
Roughage
Rice straw 1 579 3060.5 Alfalfa hay 1 289 59.5
Broad-bean stem 1 159.3 39233 Corn silage 1 40.6 286.3
Corn stem and leaf 1 4122 101717 Crane hay 1 26.1 365.1
Amaranth weed 1 1499 2125.0 Ttalian grass silage 1 26.8 345.6
Knotgrass 1 35.8 27525
Poaceae weed 1 711.1 1669.4
Manchurian wild rice 1 139 1179.6
Vegetable and flower residues
Broccoli leaf 1 289.4 420.1
Broccoli stem 1 309.0 695.9
Carnation 1 386.9 2516.0
Chinese cabbage 1 290.8 415.1
Stem lettuce 1 1649.2 1519.8
Mean 372.1 25374 30.6 264.1




tamination of raw milk from the dairy farms under consid-
eration. In addition, concentrations of Pb in bulk milk sam-
ples collected from the tank in the milking parlor in the
study area were investigated as a reference of the mean
values of milk in the study area, and the obtained refer-
ence values (1815 pg/l in July and 19.05 pg/l in Septem-
ber) were slightly below 20 ug/l. However, since Pb is a

¥ bulk milk can be ex-

potentially bioaccumulative toxin
pected to exceed the recommended EU level in the near
future unless special measures are taken.

With respect to human Cd and Pb tolerance, tolerable
weekly intakes (TWIs) have been set for Cd at 25 ug/kg

17) and

body weight by the European Food Safety Agency
for Pb at 25 ug/kg body weight by the Codex Alimentari-
us Commission'. On the assumptions that daily milk in-
take is 200 ml"® and that people drink milk with the same
Cd and Pb levels as test milk, weekly intakes of Cd and
Pb were calculated at 054 pg and 32.72 ug in July and 2.42
ug and 36.71 pg in September, respectively. The numeri-
cal example indicated that since the contribution of milk
intake to a TWI of 70 kg adults of Cd (175 ug) and Pb
(1750 pg) were small, Cd and Pb exposure from regular
intake of milk would be small. Nevertheless, Cd and Pb
exposure for children and pregnant women should be
minimized as much as possible in order not to increase

their exposure to toxic levels in the future.

Concentrations of Cd and Pb in feed

The concentrations of Cd in roughage from the study
farms were generally greater than the ranges reported in
previous works: roughage, 62-74 ng/kg in America'®; and
grass silage, < 100 pg/kg in England and Wales', on a
dry matter basis. In contrast, the concentrations of Cd in
roughage in Japan were below or within these ranges.
The concentrations of Cd in concentrates from the study
farms and from Japan were below the ranges reported in
previous works: corn grain, 181 ug/kg and soybean mix-

19 Accordingly, it was inferred

ture, 259 ng/kg in America
that the concentrations of Cd in feed were higher on the
present study farms than in Japan. In spite of the large
differences in the concentrations of Cd in feed, no signifi-
cant differences were observed in Cd concentrations in
milk samples. These results are consistent with previous

*%9 that the concentration of Cd in milk is not in-

findings
creased by a high dietary concentration of Cd due to lim-
ited transportation of Cd into milk by the mammary
glands.

The concentrations of Pb in concentrates and roughage
from the present study farms were generally above the

ranges reported in previous works: corn grain, 134 ug/kg;

soybean mixture, 237 ug/kg; and roughage, 198-271 ug/kg
in America" and grass silage, < 1000 ug/kg in England
and Wales", on a dry matter basis. In contrast, those in
Japan were below or within these ranges. Moreover, con-
centrations of Pb in corn stem and leaf feed (9.20 mg/kg
on a fresh weight basis) and broad-bean stem feed (3.33
mg/kg on a fresh weight basis) from the present study
farms were higher than the Japanese standard of Pb (3
mg/kg on a fresh weight basis) *’. The higher concentra-
tions of Pb in feed can be related to the significantly high-
er values in test milk than in control milk.

The reason for the high Pb levels in feed, especially in
roughage, appears to be the high levels of Pb released into
the environment. In the present study area, Pb releases
may be high since there is a phosphorus mining site and
heavy traffic with old vehicles and large trucks that pro-
duce unclean exhaust and dust. Emitted Pb due to such
pollution can penetrate and contaminate soil. Furthermore,
intensive application of manure and chemical fertilizers to
soil may also elevate soil contents of Pb? .

In addition, the high Pb levels in feed in the present
study area could be partly explained by soil features. Ac-
cording to the ‘plant nutrient uptake’ theory, ions in solu-
ble forms (exchangeable and carbonate) are readily taken

25, 26

up by plants®®. This suggests that Pb may be mobile
and bioavailable in acidic soil®. The soil in the present
study area was characterized as acidic®, suggesting in-
creased plant availability of Pb.

In conclusion, the present study found Pb contamination
of milk and feed at the study farms. Hence, special atten-
tion should be paid to Pb residues in milk and dairy feed

at farms in the study area.
Acknowledgements

The authors are grateful to the local farmers and the
Dairy Station at the Kyoto Prefectural Agriculture, For-
estry and Fisheries Technology Center for their contribu-
tion to the sampling. The authors are also grateful to
Prof. Matsui of Graduate School of Agriculture, Kyoto
University, for generous experimental support. This re-
search was supported by Grant-in-Aid for Scientific Re-
search (A) 21255007.

References

1) Salma I, Maenhaut W, Dubtsov S, Pappa EZ, Za-
ray G (2000) Impact of phase out of leaded gaso-
line on the air quality in Budapest. Microchem ]
67: 127-133.



2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

Ataro A, McCrindle RI, Botha BM, McCrindle
CME, Ndibewu PP (2008) Quantification of trace
elements in raw cow’s milk by inductively coupled
plasma mass spectrometry (ICP-MS). Food Chem
111: 243-248.

Tian LL, Zhao YC, Wang XC, Gu JL, Sun Z],
Zhang YL, Wang JX (2009) Effects of gestational
cadmium exposure on pregnancy outcome and de-
velopment in the offspring at age 4.5 years. Biol
Trace Elem Res 132: 51-59.

Pawlas N, Stromberg U, Carlberg B, Cerna M, Ha-
rari F, Harari R, Horvat M, Hruba F, Koppova K,
Krskova A, Krsnik M, Li YF, Lofmark L, Lundh T,
Lundstrom NG, Lyoussi B, Markiewicz-Gorka I,
Mazej D, Osredkar J, Pawlas K, Rentschler G, Spe-
vackova V, Spiric Z, Sundkvist A, Tratnik JS,
Vadla D, Zizi S, Skerfving S, Bergdahl T (2013)
Cadmium, mercury and lead in the blood of urban
women in Croatia, the Czech Republic, Poland, Slo-
vakia, Slovenia, Sweden, China, Ecuador and Mo-
rocco. Int J Occup Med Environ Health 26: 58-72.

Shen XM, Zhou JD, Gao XL, Guo D, Zhang YW,
Du YY, Huang H, Xu JD (1991) The blood lead
levels of 237 children living in an industry commu-
nity in Shanghai City. Appl J Clin Pediatr 6: 322-
324. (In Chinese)

He Q, Ye FY, Jiao H, Ding ZY, Zhang JY, Qi GL
(1998) The survey of children blood lead levels and
associated factors in Beijing City. Chin ] Pediatr
36: 139-141. (In Chinese)

Gao W, Li Z, Kaufman RB, Jones RL, Wang Z,
Chen Y, Zhao X, Wang N (2001) Blood lead levels
among children aged 1 to 5 years in Wuxi City,
China. Environ Res 87: 11-19.

Wong MH (1985) Heavy metal contamination of
soils and crops from auto traffic, sewage sludge,
pig manure and chemical fertilizer. Agr Ecosyst
Environ 13: 139-149.

Hu W, Huang B, Shi X, Chen W, Zhao Y, Jiao W
(2013) Accumulation and health risk of heavy met-
als in a plot-scale vegetable production system in
a peri-urban vegetable farm near Nanjing, China.
Ecotox Environ Safe 98: 303-309.

Anzai H, Oishi K, Li KZ, Irbis C, Hirooka H, In-
amura T, Kumagai H (2011) Dietary nitrate loads
on cows in dairy farms near Lake Dian, Kunming
City, Yunnan Province, China. Trace Nutr Res 28:
54-57.

Rey-Crespo F, Miranda M, Lopez-Alonso M (2013)

Essential trace and toxic element concentrations in

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

organic and conventional milk in NW Spain. Food
Chem Toxicol 55: 513-518.

Rahimi E (2013) Lead and cadmium concentrations
in goat, cow, sheep, and buffalo milks from differ-
ent regions of Iran. Food Chem 136: 389-391.
Bilandzic N, Dokic M, Sedak M, Solomun B, Vare-
nina I, Knezevic Z, Benic M (2011) Trace element
levels in raw milk from northern and southern re-
gions in Croatia. Food Chem 127: 63-66.

European Commission (EC) (2006) European com-
mission, regulation (EC) no. 1881 (2006): 19 of De-
cember 2006, setting maximum levels for certain
contaminants in foodstuffs. Official Journal L364:
5-24.

Standardization Administration of China (SAC)
(2010) China food industry standardization dairy
product standardization (GB).
http://www.gb168.cn/foc/searches.do?onload=true

Li Y, McCrory DF, Powell JM, Saam H, Jackson-
Smith D (2005) A survey of selected heavy metal
concentrations in Wisconsin dairy feeds. ] Dairy
Sci 88: 2911-2922.

European Food Safety Agency (EFSA) (2009) Cad-
mium in food - Scientific opinion of the Panel on
Contaminants in the Food Chain. The EFSA ] 980:
1-139.

JECFA (Joint FAO/WHO Expert Committee on
Food Additives) (2000) Safety evaluation of certain
food additives and contaminants.
http://www.codexalimentarius.net/web/jecfa.jsp
Nicholson FA, Chambers BJ, Williams JR, Unwin
R] (1999) Heavy metal contents of livestock feeds
and animal manures in England and Wales. Biore-
source Technol 70: 23-31.

Sharm RP, Street JC, Verma MP, Shupe JL (1979)
Cadmium uptake from feed and its distribution of
food products of livestock. Environ Health Per-
spect 28: 59-66.

Van Bruwaene R, Gerber GB, Kirchmann R, Co-
lard J (1982) Transfer and distribution of radioac-
tive cadmium in dairy cows. Intern J environ Stud
19: 47-51.

Smith RM (1986) Effects of long-term, low-level oral
cadmium on performance, blood parameters, and
tissue and milk mineral concentrations of dairy
cattle through first gestation and subsequent lacta-
tion. Ph.D. dissertation Pennsylvania State Univer-
sity.

National Research Council (NRC) (2001) Nutrient

requirements of dairy cattle, 7th revised edition,



24)

25)

National Academy Press, Washington, D.C.: pp.105-
161.

Food and Agricultural Materials Inspection Center
(FAMIC) (2014) Regulation value of pesticides,
heavy metals and mycotoxins (administrative
guideline).
https://www.famic.go.jp/ffis/feed/r_safety/r_feeds_
safety22.html

Garcia R, Maiz I, Millan E (1996) Heavy metal con-
tamination analysis of road side and grass from
Gipozkoa. Environ Technol 17: 763-770. (In Span-
ish)

26)

27)

Parkpian P, Leong ST, Laortanakul P, Thunthai-
song N (2003) Regional monitoring of lead and cad-
mium contamination in a tropical grazing land site,
Thailand. Environ Monit Assess 85: 157-173.
Moritsuka N, Nishikawa T, Yamamoto S, Matsui N,
Inoue H, Li KZ, Inamura T (2013) Changes in soil
physicochemical properties following land use
change from paddy fields to greenhouse and up-
land fields in the southeastern basin of Dianchi
lake, Yunnan Province, China. Pedosphere 23: 169-
176.



