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Table 1: Questionnaire for assessing nutritional management in the studied farms

Item | Good Acceptable | Unacceptable
General Conditions

Distance (Purchase of hays, Less than 100 100 to 300 More than 300
kilometers)

Distance (I_:’urchase of Silage, Less than 100 100 to 300 More than 300
kilometers)

Distance (I_Durchase of Grains, Less than 100 100 to 300 More than 300
kilometers)

Chemical Analysis of Ration Most raw materials Some raw materials None

Components
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Continued Table 1

Re-evaluation of Ration Formulation

Common Occasionally Never
per Year
Chemical Analysis of TMR Common Occasionally Never
Preparation of Diet TMR PMR Separate
Feed Delivery Feeder Tractor and trailer Manual
Washlng/D|S|_nfect|or_1 of Mixers and Common Occasionally Never
Feeding Equipment
Selection of Funga_l Resistant Plant Yes No Lack of information
Species
Crop Rotation on the Farm Yes No Lack of information
Evaluation of Ration Components Common Occasionally Never
Storage and Use of Hay and Straw
Disorganized storage, obvious mold,
dirt and manure, rodents and No Occasionally Most cases
carnivorous animals
Appearance Quality of Alfalfa:
Thick stems, leaf drop, brown color, No Low Most cases
mold
Chemical Acceleratlon of Alfalfa Yes Occasionally No
Drying
Assessment of Alfalfa Moisture at .
Yes Occasionally No
Purchase
Storage of Alfalfa and Straw Yes Occasionally No
Outdoors
Walls in Alfalfa Storage Barn No Walls on some sides, Yes
low wall
Ventilation in Alfalfa Storage All sides open Walls I?) r\l/vs\c/)vrgﬁ sides, Walls and windows closed
Purchasing and Storing Forage in the Occasionally out of
. Yes No
Right Season season
Transporting Fo_rage with Clean Yes Occasionally No
Vehicles
Protection from Rain Yes Some parts no No
Protection from Surface Waters Yes Some parts no No
Assessment of Forage for Yes If the product is No
Fungal/Aflatoxin Contamination suspicious
Attention to Drought, Frost, and
Other Stresses Regarding Aflatoxin Yes Occasionally No
Contamination
Silo Construction
Irregular cuts, liquid on the ground,
unpleasant odor, cracks on None Some cases Most cases
walls/floor, dirty environment
Silo Structure On the ground Using the slope of the | Below grour_1d, inadequate
ground drainage
. . Regular cement,
Walls and Floor Acid-resistant cement, stone/block, rough, Earthen

without holes and cracks

porous
Dimensions Suitable for Daily Intake All silos Some silos None of the silos
Rainwater Drainage Effective Relative (thin layer of No
water)
Sewage/Surface Water Infiltration No Depends on silo Yes
structure
Leachate Drainage Effective Relatlve“glt}ilg)layer of No
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Continued Table 1
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Cleaning/Flaming before Silo

Storage Both Cleaning only None
Repairing Cracks_ in Walls and Floor Yes Some silos No
before Silo Storage
Removal of Foreign .
Materials/Liquids after Repair es Occasionally No
Use of Detergents/_FormaIm after Yes Occasionally No
Repair
Purchasing and Storing Silage Materials
Transport with Clean Vehicles Yes Occasionally No
Crushing with Washed Vehicles Yes Occasionally No
Entry of Soil during Crushing No Occasionally Yes
Weather Conditions in the Days . . .
before Harvest Sunny Sunny and rainy Harvest in any conditions
Plant Disease Control before Harvest Yes Occasionally No
Attention to Drought or Cold Stress .
Yes Occasionally No
before Harvest
Storage under Plastllc Coversin Yes Occasionally No
Damaged Silos
Puncturing of Silage Covers by .
Rodents and Birds No Occasionally Yes
Inspection/Repair of Silage Covers Yes Occasionally No
Walking on Silage No Occasionally Yes
Edge Contrpl to _Prevent Air Yes Occasionally No
Infiltration
Stopping Fertilizer 15 Days before Yes Occasionally No
Harvest
Harvesting Plants from a Minimum . . .
of 20 cm Above Ground Yes Occasionally No/Lack of information
Dominant Size of Pieces Less than 3 cm 3to5cm More than 5 cm

Time Interval between Harvest and
Emptying the Crop

Less than 6 hours

6 to 12 hours

More than 12 hours

Time Interval between Emptying and

Crushing the Crop Without Delay Same Day More than One Day
Maximum Time for Filling and
Covering the Silo Less than 3 days 4 to 5 days More than 5 days
Height of Crop m_the Silo before Approximately 1 meter Less than 1 meter About_2 meterg/Lack of
Crushing information

Effective Crushing (Weight of Crop
per Cubic Meter)

750 to 800 kg

700 to 750 kg

Less than 700 kg

Time Interval between Covering and

- h More than 3 weeks 3 weeks Less than 3 weeks
Starting Consumption
Use of Problotlc_s in Silage Yes Occasionally No
Preparation
Use of Non-Probiotic Additives Yes Occasionally No
Use of Fermentable Carbohydrate Yes Occasionally No
Sources if Needed
Depleting Silage Inventory before
the End of the Year and Purchasing No Some Years Every Year
Fermented Silage
Purchasing Packaged Silage No YesS/Used on the Yes/Not finished in one
ame Day day
Silage Use Conditions
Daily Transfer Directly pogring into the | Dedicated tractor and S_hared tractor and
mixer trailer trailer/Other methods
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Continued Table 1

Temporary Storage in Other
Locations: Exposed to Sunlight,

Near Feeding Trough or Preparation No Occasionally ves
Area
General Conditions of Silage:
Unpleasant Odor, Mold, Black Color None Some Most cases
(Edges and Top), Dark Brown Color
Texture of Pieces Separate Some parts sticky Sticky
pH Assessment of Silage Common Occasionally Never
pH at the Time of Study Around 4 4t05 More than 5
Assessment of Dry Matter of Plant at Yes/Moisture Meter Yes/Touch_ and No
Purchase Observation
Assessment of Dry Matter of the -
. Common If Suspicious Never
Product at Consumption
Assessment of Product for Yes If Suspicious Never
Fungal/Aflatoxin Contamination
Assessment of Prodqct for Spoilage Yes If Suspicious Never
Bacteria
Harvest Method Silage Cutter Tractor Shovel or Manual
Loader
Cut Depth (Cold Season) More than 30 cm 1510 30 cm Less than 15 cm
Cut Depth (Warm Season) More than 50 cm 40to 50 cm Less than 40 cm

Removal of Moldy Sections (Edges

20to 30 cm Less than 20 cm Variable/Not done
and Top)
Chemical Assessment of Silage
(Volatile Fatty Acids, Methanol, All/Common Some/Often None
Nitrates, Ammonia)
Storage Conditions for Grains

Disorganization in Storage, Obvious
Mold, Dirt and Manure, Rodents and None Some Cases Most Cases

Carnivorous Animals

Walls and Floor

Smooth, without cracks

Some silos rough,

Rough, cracked and angled

and angles cracked and angled
Temperature and Humidity Controllable In Some Warehouses Uncontrollable
Protection from Rain Yes Some Sections No No
Protection from Surface Waters Yes Some Sections No No
Protection Ag_alnst Blrds,_ Rodents, Yes Relative No
and Carnivorous Animals
Floor Higher than Ground Yes In Some Warehouses No
Washable Pallets Sufficient Quantity Insufficient No
Some Materials
Moisture-Resistant Bags All Materials Depending on Supply No
Method/Additives
Emptying Main Materials on the No Occasionally Yes
Ground
Somewhat

Arrangement of Bags

Organized/Categorized

Categorized

Disorganized

Cleaning/Disinfection of

Common Occasionally Low/Not Done
Warehouses
Evaluation of Grams_for Breakage or Common Occasionally Not Done/Impossible
Powdering
Cleaning/ Calculation of Foreign Yes If Necessary Not

Materials in Grain Shipments

Implemented/Impossible
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Table 2: Concentration of lead in milk and animal feed based on management levels

Management | Sample Size Lead in Milk Lead in Feed
(mg/l) (mg/kg)
1 (Poor) 10 0.064 + 0.063? 3.28 + 3.452
2 (Moderate) 10 0.032 £ 0.031° 1.98 + 1.56°
3 (Good) 10 0.027 £ 0.012° 1.76 + 1.04°
P value - 0.032 0.028
Mean (median) - 0.059 +0.045 (0.028) | 2.31 £2.34 (1.98)

The different lowercase letters in each column indicate significant differences at the 5% level, based on Tukey’s test used.
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Table 3: Concentration of cadmium in manure and hair based on herd size

Herd Size sample Size Cadmium in Manure Cadmium in Hair
(mglkg) (mg/kg)
Small (less than 600 heads) 14 0.089 + 0.1242 0.054 + 0.0612
Large (more than 600 heads) 16 0.156 + 0.198° 0.093 + 0.098°
P value - 0.041 0.041
Mean (median) - 0.081 +0.075 (0.060) 0.165 +0.124 (0.102)

The different owercase letters in each column indicate significant differences at the 5% level, based on Tukey’s test used.

Table 4: Concentration of arsenic in animal feed
based on distance to industry

Distance to Sample Arsenic in
Industry Size Feed
(mg/kg)
1 (Near) 12 3.89 +2.342
2 (Far) 18 0.78 + 0.45°
P value N 0019
i 2.58 £1.12
Mean (median) - 062

The different lowercase letters in each column indicate
significant differences at the 5% level, based on Tukey’s
test used.
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Abstract

Pollution caused by heavy metals such as lead (Pb), cadmium (Cd), and arsenic (As), particularly due to
industrial activities and poor management practices, poses a significant threat to human and animal health. This
study evaluates the impact of nutritional management, herd size, and distance from industrial areas on heavy metal
concentrations in samples of milk, water, animal feed, feed supplements, manure, and hair from 30 dairy farms
located in Isfahan Province. Samples were collected from dairy farms with diverse characteristics, and the
concentrations of heavy metals were measured using Atomic Absorption Spectroscopy (AAS). The results
indicated that regarding nutritional management, 30% of the farms were rated as poor (Level 1), 50% as moderate
(Level 2), and 20% as good (Level 3). The average scores for nutritional management were 45% for Level 1, 70%
for Level 2, and 90% for Level 3. Larger herd sizes (over 600 heads) were associated with an increase in cadmium
concentrations in manure (P=0.041), while poor nutritional management was significantly correlated with higher
lead concentrations in milk (P=0.032). Additionally, the concentration of arsenic in animal feed was influenced by
proximity to industrial areas (r=0.019, P=0.67). The median lead concentration in milk was 0.028 mg/L, which
exceeds the permissible limit of 0.02 mg/L. The Lead levels in feed were measured at 1.98 mg/kg, cadmium in
manure at 0.06 mg/kg, cadmium in hair at 0.102 mg/kg, and arsenic in feed at 0.62 mg/kg, all of which were below
the permissible limits. The poor quality of animal feed significantly contributes to the increased concentration of
lead in milk. Improving management practices and utilizing high-quality feed resources ara essential. It is
recommended that continuous monitoring of the quality of food and water resources should be conducted to reduce
the risks associated with heavy metals and ensure public health.
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