
Chapter 12 

Water and 

the Major 

Minerals 



Water 

 The body needs more water per day than 

any other nutrient 

 One can survive a deficiency of any other 

nutrient sometimes for months or years 

 One can only survive a few days without 

water 

 In less than a day, a lack of water alters the 

body’s chemistry and metabolism  



Water 

 Water makes up ≈60% of an adult’s  

     body weight 
 Water is found in 

 Blood vessels 

 Cells 

 Chemical structure of cells, tissues, organs 
 Water participates in many chemical reactions  

 Water constitutes 3/4 of lean tissue weight and less 
than 1/4 of the weight of fat 

 The body adjusts water intake and output to 
balance 
 



Water and the Body Fluidsater 

Functions 
Carries nutrients and waste products 

throughout the body. 

Maintains structure of large molecules 
(proteins and glycogen). 

Participates in metabolic reactions. 
 Solvent for minerals, vitamins, amino acids, 

glucose, and small molecules. 

 Lubricates and cushions joints, protects 
spinal cord, surrounds amniotic sac, inside 
eyes 

Aids in the regulation of body temperature. 

Maintains blood volume. 



One cell and its associated fluids 

Water Balance and 

Recommended 

Intakes 

 Cellular fluids 

 Intracellular fluid 

 Extracellular fluid 

• Interstitial fluid 

• Intravascular fluid 



Water Intake 

 Thirst and satiety influence intake 

 Thirst is a conscious desire to drink and is regulated by 

the mouth, hypothalamus, and nerves. 

 Thirst lags behind the body’s need 

 Dehydration occurs with water deficiency 

 Symptoms include thirst, weakness, fatigue, dry 

mouth, decrease in urine, headache, loss of balance, 

exhaustion, collapse 

 At risk include the elderly, athletes, children playing 

outdoors, gardeners, etc. 



Signs of Dehydration 



Water Balance and 

Recommended Intakes 

 Water intoxication 

 Excessive water contents in all body fluid 

compartments.  

 It is rare. 

 Related to excessive ingestion, kidney disorders 

 Symptoms include confusion, convulsions 

 



Water Balance and 

Recommended Intake  

 Sources 

 Water 

 Beverages 

 Foods  

 Condensation reactions 

 Oxidation of energy-yielding nutrients 



Percentage of Water in Selected 

Foods 



Water Balance and 

Recommended Intake  

 Losses 

 Minimum excretion each day of 500 ml to 

carry away waste products as urine 

 Vapor from lungs 

 Sweat from skin 

 Loss in feces 

 Above this excretion adjusts to intake- 

 if you drink more, you excrete more 

 



Water Balance 



Water Recommendations 

 Recommendations 

 1.0 - 1.5 ml per kcal expended 

 2000 kcal = 2-3 liters (8-12 cups) 

 Adequate Intake for males is 3.7 L/day. 

 Adequate Intake for females is 2.7 L/day. 

 Alcohol can have a diuretic effect 

 



Water Balance and Recommended Intake  

Health Effects of Water 
 Meeting bodily fluid needs 

 Protects against kidney stones and 
constipation 

 Concentrations, alertness and short 
term memory 



Water Balance and 

Recommended Intake  

 Kinds of water  
 Hard Water  
 Water with high calcium and magnesium 

content  

 Leaves residues 

 May benefit hypertension and heart disease  

 Soft water  
 Water with high sodium and potassium content  

 May aggravate hypertension and heart disease  

 Dissolves contaminate minerals in pipes  

 Practical advantages-makes more bubbles with 
less soap 

 



Water Balance 

Water is the body’s cleansing agent 

 Nitrogen wastes, produced during metabolism, 

must be removed before they build up to toxic 

levels 

 Kidneys filter these wastes from the blood and, 

mixed with water, excrete them as urine 

 Diseased kidneys cannot perform this function thus 

necessitating dialysis 

 Body must excrete about 500 ml of water as 

urine to carry away waste products 



Fig. 12-2, p. 371 



Fig. 12-2, p. 371 



Blood Volume and Blood 

Pressure 

 Fluid maintains the blood volume 

  which in turn influences blood pressure 

 Kidneys reabsorb needed water and substances 

  and excrete unneeded water and waste in the 
urine 

 The kidneys adjust the volume and substances in 
the urine to accommodate the needs of the 
body 



How the Body Regulates Blood 

Volume & Blood Pressure 



Fluid and Electrolyte Balance 

 The body maintains about 2/3 of the body fluids 

inside the cell and about 1/3 outside the cell 

 To control the movement of water, the cells control 

the movement of the major minerals 

 Sodium, Potassium, Chloride, Magnesium, Calcium, 

Phosphate, Sulfate 

 



Fluid and Electrolyte Balance 

 Electrolytes attract water 

 Water molecules have net charge of zero 

 Water follows electrolytes 

 Electrolytes predominantly outside of cell 

 Sodium and chloride 

 Electrolytes predominantly inside of cell 

 Potassium, magnesium, phosphate, sulfate 

 Selectively permeable membranes 



A Cell and Its Electrolytes 



Table 12-4, p. 389 



Water Dissolves Salts and 

Follows Electrolytes 



Osmosis 
Water flows in the direction of the more highly concentrated solution 
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• Vegetables 
“sweat” when 
sprinkled with 
salt 

 

• Raisins plump 
up when 
immersed in 
water 



Regulation of Fluid and 

Electrolyte Balance 

 The amounts of the minerals must remain nearly 
constant 

 The kidneys and gastrointestinal tract are 
continuously regulating the minerals 

 The large intestine reabsorbs minerals and fluids as 
needed (up to 8 liters of fluid a day!) 

 The kidneys regulate fluid and electrolytes via 
aldosterone and ADH 



Fluid and Electrolyte 

Imbalance 

 Fluid loss:  diarrhea, vomiting, heavy 

sweating, burns 

 Sodium and chloride lost first in sweating, 

bleeding, excretion 

 Generally  you can replace with cool 

water and eating regular foods 

 Simple formulas may also be used 

(pedialyte) 



Minerals 
 Inorganic elements 

 Retain their structure 

 Cannot be destroyed by heat, air or acid 

 Bioavailability is variable; some readily 
bind with phytates and oxalates 

 Some minerals may interact with each 
other 
 The presence or absence of one may 

affect the absorption, metabolism or 
excretion 



Minerals in a 60-kilogram    (132 pound) Human Body 



Sodium 
Roles: 

Principal cation of extracellular fluid  

Primary regulator of fluid volume 

Assists in nerve transmission 

Muscle contraction 

Helps maintain acid-base balance 

Kidney filters sodium out of the blood and 
then returns what is needed back to the 
blood 

Normally the amount excreted is equal to 
the amount ingested  

 



Sodium Recommendations 

Recommendations: 

 Adequate Intake is 1500 mg for (19-50 yr) 

 Adequate Intake is 1300 mg for (51-70 yr) 

 Adequate Intake is 1500 mg for (>70 yr) 

 UL is 2300 mg 

 Average sodium intake in U.S. adults is 
3400 mg 

 



Sodium 

Sodium and Hypertension: 
 Salt (sodium chloride, not sodium, which affects 

hypertension 

 Blood pressure increases in response to excess 
salt 

 Restriction helpful in “Salt Sensitive” individuals 

 Those with high blood pressure, kidney disease, 
diabetes, African Americans, people over age 
40, overweight individuals 

 Low salt intake decreases risk 

 

 

 

 



Sodium 

 Sodium in Foods  
 Large amounts in processed foods 

(approximately 75% of sodium in the diet) 

 Table salt (approximately 15% from added 
sodium in the diet) 

 Sodium may be present in surprisingly high 
amounts if chloride is removed. 

 Moderate amounts in meats, milks, breads 
and vegetables (approximately 10% of 
sodium in the diet) 



Sodium 

 



Sodium 
Sodium Deficiency 

 Vomiting, diarrhea or heavy sweating. 

 Symptoms are muscle cramps, mental 
apathy, and loss of appetite. 

 Salt tablets without water induce 
dehydration. 

Sodium Toxicity and Excessive Intakes 
 Edema and acute hypertension 

 Prolonged high intake may contribute to 
hypertension. 



Chloride 
Functions: 

 Major anion in extracellular fluid. 

 Maintains fluid and electrolyte balance. 

 Part of hydrochloric acid in stomach 

Recommendations: 

 Adequate Intake:  1500 mg/day 19-50 year olds 

Deficiency: 

 May occur with sweating, diarrhea, vomiting 

Toxicity: 

 May occur with dehydration 



Potassium 

Function: 

Major intracellular cation 

Maintains fluid and electrolyte balance 

Cell integrity 

Nerve transmission and muscle 

contraction 

Helps maintain normal heart beat 



Potassium 

Recommendation: 

 Minimum 2300 mg/day-19-50 year olds 

Potassium and Hypertension 

 Low potassium diets seem to raise blood 
pressure 

  High potassium diets appear to 
prevent/correct high blood pressure 

 Sources 

 Fresh foods are the richest sources 

 



Potassium 

 Deficiency 

 Increase in blood 

pressure 

 Salt sensitivity 

 Kidney stones 

 Bone turnover 

 Irregular heartbeats 

 Muscle weakness 

 Glucose intolerance 

 Toxicity 

 No UL 

 Overconsumption 
of potassium salts 
or supplements 

 Certain diseases or 
treatments 

 Kidneys 
accelerate 
excretion 



Potassium in Selected in Foods 
Adequate Intake for adults: 4700 mg/day 

Broccoli: 526 mg 

per 1 spear cooked 

Spinach: 312 mg 

per 1 cup raw 

Eggplant: 199 mg 

per 1/2 cup cooked 

Cantaloupe: 825 mg 

per 1/2 cantaloupe 

Legumes: >300 mg per 

1/2 cup cooked 

Butternut squash: 348 

mg per 1/2 cup 

mashed  

Artichoke: 435 mg per 

artichoke 

Acorn squash: 332 mg 

per 1.2 cup mashed 

Carrots: 232 mg per carrot 



Potassium in Selected Foods 



Calcium 
Most abundant mineral in the body 

Roles: 

 Mineralization of bones and teeth-  99% 

 Muscle contraction and relaxation 

 Nerve transmission 

 Blood clotting                                        1%                                 

 Blood pressure 

 Immune defense 

 



Calcium 

 In Bones 

 Provides rigid structure to hold body upright 

 Serves as a bone bank 

 Calcium salts form crystals 

 Hydroxyapatite 

 Strength and rigidity to maturing bones 

 Bone remodeling 

 In teeth 

 Fluoride stabilizes calcium crystals in teeth 



Calcium Balance 



Blood Calcium Balance 



Calcium Absorption 

 Calcium binding protein is needed for absorption 

 When calcium is needed, the body increases its 

production of the calcium binding protein 

 Adults absorb approximately 30% of what they ingest 

 Pregnant women absorb approximately 50% 

 Growing children absorb approximately 50-60% 

 

 



Calcium Absorption 
 Factors that enhance absorption: 

 Stomach acid 

 Vitamin D 

 Lactose (in infants) growth hormone 

 Factors that decrease absorption: 

 Lack of stomach acid 

 Vitamin D deficiency 

 High phosphorus intake 

 Phytates (nuts, seeds, grains) 

 Oxalates (greens, spinach, sweet potatoes) 

 



Fig. 12-13, p. 402 

Calcium 



Fig. 12-15, p. 420 

Cauliflower, watercress, 

brussels sprouts, rutabaga, 

kale, mustard greens, bok 

choy, broccoli, turnip greens 

≥ 50% 

absorbed 

≈ 30% 

absorbed 

Milk, calcium-fortified soy 

milk, calcium-set tofu, cheese, 

yogurt, calcium- fortified 

foods and beverages 

≈ 20% 

absorbed 

Almonds, sesame seeds, 

pinto beans, sweet 

potatoes 

≤ 5% 

absorbed 

Spinach, rhubarb, Swiss 

chard Stepped Art 



Calcium 

Recommendations: 

 19-50- 1000 mg 

 > 51-   1200 mg 

Sources: 

 Milk and milk products 

 Non-milk sources: some tofu, some nuts, seeds, 

oysters, sardines, some greens 





Calcium in Selected Foods 



Calcium 

Deficiency: 

 Peak bone mass by late 20s 

 All adults lose bone with age beginning 

between 30-40 

 Limited bone mass and density 

 Osteoporosis 

 



Calcium 
Deficiency symptoms 

Stunted growth in children 

Bone loss (osteoporosis) in adults 
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Bone development and 

Disintegration 

 Cortical bone 

 Hard outer shell 

 Gives up calcium to blood 

 Slow and steady rate 

 Trabecular bone 

 Lacy matrix 

 Give up calcium when diet runs short 

 Impacted by day-to-day intake and need for 
calcium 



Healthy and Osteoporotic 

Trabecular Bone 





Loss of Height in a Woman 

Caused by Osteoporosis 



Risk Factors for Osteoporosis 



Nutrients 

 Dietary Calcium – the key to prevention 

 Other Nutrients 
 Adequate protein 

 Adequate vitamin D 

 Vitamin K protects against hip fractures. 

 Magnesium and potassium help to maintain 
bone mineral density. 

 Vitamin A 

 Omega-3 fatty acids 

 Fruits and vegetables 

 Reduce salt 



A Perspective on Supplements 

 Calcium-rich foods are best. 

 Supplements may be needed with inadequate 
dietary calcium 

 Small doses are better absorbed (500 mg or less) 

 Different absorption rates from different types of 
calcium supplements 

Calcium citrate, carbonate or phosphate are 
usually well absorbed 

Do not take with iron rich meal  

Calcium decreases iron absorption 

 



Phosphorus 

Functions: 

 Mineralization of bones & teeth 

 Part DNA, RNA 

 Phospholipid 

 Involved in energy metabolism  

 Part of ATP 

 Maintains acid/base balance (buffer 

system) 



Phosphorus 

Recommendation: 

 700 mg/day 

Deficiency: 

Unlikely; commonly found in most foods 

Weakness, bone pain 

Source:  

 Animal products 

 Meat and dairy 



Magnesium 
Magnesium Roles in the Body 

 Bone mineralization 

 Building of protein 

 Enzyme action 

 Normal muscle contraction 

 Nerve impulse transmission 

 Maintenance of teeth by preventing dental 
caries 

 Functioning of the immune system 

 Blood clotting 



Magnesium 
Magnesium Deficiency 

 Deficiencies are rare. 
 Symptoms 

 Weakness and confusion 
 Convulsions in extreme deficiency 
 Bizarre muscle movements of the eye and face 
 Hallucinations 
 Difficulties in swallowing 
 Growth failure in children 

 Develops from alcohol abuse, protein 
malnutrition, kidney disorders and 
prolonged vomiting and diarrhea 



Magnesium 

 Magnesium Intakes  
 RDA Adult Men: 400 mg/day for 19-30 years of age 

 RDA Adult Women: 310 mg/day for 19-30 years 
of age 

 Upper level for adults: 350 mg nonfood 
magnesium/day 

 Sources 

 Nuts and legumes, whole grains, dark green 
vegetables, seafood, chocolate and cocoa 

 Hard water and some mineral waters 



End of Chapter 12 

Water and 

Minerals 


