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            Introduction
The Best Worst Smell in the World

         
         In Västerbotten, a northern province of Sweden, there is a special light in the late summer evenings. The sun is setting, but the sky is still bright with this cool light that reflects the deep blue hues of the waters of the Gulf of Bothnia and a rain cloud coming in from the east. In the west, the shimmering sunset glows in pink and orange tones. Added to this are the saturated greens and browns of the birch, pine and spruce trees around us. The light and colors are not only a backdrop, but for me they are also necessary ingredients for a traditional Västerbotten surströmming feast. Tonight is the premiere. The tin can of herring is placed on a platter with juniper rice on the veranda table. The can bulges out in all directions, bursting with perhaps the world’s most controversial smell. The brand is Oskars, the preferred brand here in the region, which has been sold out in all stores in recent weeks. Oskars herring is distinguished, its supporters say, by its firm shape; it does not fall apart despite the intense fermentation process to which it has been subjected. This facilitates the gutting and filleting of the fish, which is complicated and inevitably leaves your hands smelling for days, no matter how well you wash them. Today’s jar, purchased several weeks ago, has had plenty of time to ferment. This is not a product that decays immediately. On the contrary, it is as if the ravages of time do not affect the herring at all. Like a character in a Torgny Lindgren novel, the herring has reversed the aging process. It does not get worse with time, but better. For the truly inveterate sour-herring lover, only last year’s herring can provide total satisfaction. 

         
         Sour herring is a fragrant delicacy for many of us from Norrland. But its distinctive smell and taste are not fully appreciated
            even in my own family. Sour herring divides our table. I, my mother and my sister sit on the herring side of the table. Our
            respective partners and children, who come from Stockholm and the United States, sit on the other side, where an alder-chip-smoked
            side of salmon is the main course. Two related yet completely different smells mingle at the table.
         

         
         What makes the smell of herring so polarizing? As a professor and researcher on the sense of smell, I can’t help but conduct
            little experiments at the dinner table. My son Henry, two months old, doesn’t seem to mind the smell of herring at all, even
            though I hold a piece directly under his nose. We humans are born with a fully developed sense of smell, and scientists have
            discovered that babies can learn to like smells in the womb, so they are attracted to what their mothers ate during pregnancy.
            This is Henry’s first exposure to surströmming—his American mother would never willingly eat it—but perhaps tonight’s strong
            smells will influence his sense of smell for the rest of his life.
         

         
         Someone who is not so neutral is my niece Ellen, who declares with five-year-old assertiveness that first, she doesn’t want to eat herring, and second, she doesn’t want to smell it! Then she storms into the cottage with her blond curls following close behind. She is excused. At the age of five, children have already learned what smells are considered pleasant and unpleasant, and sour herring is not on offer at her preschool in a Stockholm suburb. As all parents of young children know, five-year-olds often have strong preferences. So strong that it takes scientific methods and a lot of patience to get them to like new tastes and smells. I take this defeat in stride, and hope that over the years she may change her mind. 

         
         Tonight’s third subject is not as articulate as Ellen, but has the best nose in the family. Nelson the miniature poodle is
            magnetically attracted to strong smells and is known to eat anything that comes his way. His favorite game is sniffing for
            dog treats hidden around the apartment. I ask him to sit nicely and hold out two small pieces of fish, salmon in my left hand
            and sour herring in my right. It’s a simple test to see which smell he prefers. He sniffs a few times before making his choice:
            the salmon. But then he also eats the surströmming. With some goodwill, I can call it a draw.
         

         
         Surströmming’s global reputation has probably been shaped by the many YouTube videos of people trying it for the first time.
            The results are predictable: terrified faces and wrinkled noses when the can is opened, hesitation and fear of the fish itself,
            and gagging when eating it. The creators of such content have rarely taken the trouble to prepare the fish in a traditional
            way, with the right accessories. Not to mention the light—it is far from that of Västerbotten. No wonder the herring is a
            flop in such circumstances.
         

         
         Surströmming is not one of Sweden’s major export products, and is likely to remain obscure. My own attempts to spread its gospel to the US have failed. Fermented herring is strictly forbidden for air travel—the jar is classified as an explosive material. The thought of being labeled a terrorist is a deterrent. Ordering from Europe to the US is a safer option, but the prices are outrageous. So I have not yet had the pleasure of treating my American friends and family to this northern gold. However, when we have invited friends and acquaintances to a surströmming party in Stockholm, the interest has been great. They come from all corners of the world, and have only heard about the mythical fish. But interest usually fades the moment the jar is opened, and only the bravest take a bite. Most of the herring ends up in my own stomach. That is fine by me. 

         
         But even in the heartland of surströmming, it’s hard to get a full commitment to it. We surströmming enthusiasts do our best
            to keep the family tradition alive; we comment and discuss exactly how much of each ingredient is needed—the chopped onion,
            the boiled potatoes, the tomatoes, the sour cream, the butter on the flatbread—and in what order they should be applied. We
            agree that the herring should be cleaned by hand, and that pre-filleted herring is somehow suspect, something that suits Stockholmers
            and other amateurs. It is more of a ritual than a dish. The smelly fish always leads to discussions, and they continue well
            into the northern summer evening. Only once is there silence, when my brother-in-law asks the not entirely innocent question:
            If the herring is as good as you say, why do you only eat it once a year? I answer with a quote from Ingemar Stenmark, the
            laconic downhill-skiing legend: “It’s not worth explaining to those who don’t understand.” Then we change the subject.
         

         
          

         Smelling is the easiest and most natural thing in the world. We do it all the time. We breathe in every four seconds. That’s up to one thousand inhalations per hour and over twenty thousand times per day. The air we breathe in and out carries vital oxygen, which is sucked down our windpipes and into the alveoli, where it is transferred to the bloodstream and can oxygenate all parts of the body. But the air contains more than oxygen, and on its way to and from the lungs it passes through the nose, mouth and throat. There, a number of remarkable biological processes take place that shape how you experience the world. I and my colleagues at Stockholm University explore the vastness of the sense of smell—how smells create experiences, emotions, memories, behaviors. My research group consists of neuroscientists, psychologists, linguists, sensory scientists and computer scientists who share a common interest in the sense of smell. Nowadays, the human sense of smell is a popular research topic, but for many years it was almost completely unexplored. It was neglected and devalued by many philosophers and scientists. Moreover, until recently, odors were difficult to assess and describe with concepts and objective measuring instruments. A myth emerged that the human sense of smell is weak and insignificant. Therefore, the sense of smell still holds many mysteries waiting to be explored. This creates a pioneering spirit among us olfactory researchers. 

         
         The sense of smell is fascinating to anyone who has reflected on its elusive but powerful influence. Smells and scents are
            the world’s best social icebreakers. When people hear what I’m researching, they immediately start talking. First there are
            discussions about food and wine, but pretty quickly they move on to personal topics: about the smells that evoke memories
            of childhood, dead relatives, pregnancy, love and sex. When people talk about their sense of smell, they also tell us something
            about themselves, their feelings, thoughts and relationships. Thus, the sense of smell not only reflects the chemical world
            outside us, but also bears witness to our inner world, our feelings and thoughts.
         

         
         In the following chapters, we will explore the little-known depths of scent and how it shapes us: Why can smells evoke such
            strong memories? How much can body odors control who you fall in love with? How sensitive is the human sense of smell? Can
            smells make us work more efficiently, feel better—and keep the brain vital? How can the smell of our own children fill us
            with such strong emotions? Why can a sudden bout of nausea cause the smell of a favorite dish to become intolerable instead?
            And what are the nasal superpowers that allow wine tasters to pick out the grape varieties, regions and production processes
            of an ordinary wine? These are some of the questions that will be addressed.
         

         
         My twenty-year research journey into the world of smell has been full of surprises, and with each question answered, several new questions have arisen. It is a journey that has broadened my view of what the sense of smell is. My insights shaped the content of the book you have in front of you. Three messages will permeate the book. The first is that the human sense of smell is extraordinarily sensitive. We have an incredibly well-developed ability to sense smells in our environment. So I want to dispel the myth that humans have a poor sense of smell. Fortunately, many people agree with me, and psychologists and brain researchers are now busy reassessing both human sensitivity to smell and the importance of the sense of smell in our lives. 

         
         The second message is that smelling is an intellectual process that starts in the brain. When I started my own research, I
            viewed the sense of smell as a simple, passive system: An olfactory impression starts with airborne molecules that travel
            through the nose and get stuck in the olfactory mucosa of the nasal cavity. This sets off a biological chain reaction that
            leads to signals in the brain, where our conscious olfactory experiences occur as reactions. This is the traditional view of the sense of smell. However, my research has increasingly
            led me to adopt a different perspective: olfactory processes start not in the nose but in the brain, even before the odor molecules reach their destination. Olfactory processes are shaped by expectations and experiences, which in turn carry with them life experiences and cultural
            conventions that we are often unaware of.
         

         
         I call it the cognitive perspective. Cognition comes from the Latin cognoscere, which means “to learn,” “to know” or “to recognize.” Cognitive scientists have long wondered how we gain knowledge of the
            world through our senses, our thinking and our brains. In this book, I want to use the cognitive perspective to understand
            the sense of smell. I believe that the human sense of smell is smarter than you think. It has its own kind of intelligence.
         

         
         The third message is that we humans can make our lives richer and better when we turn our attention to the sense of smell
            and its capabilities. The sense of smell is not immutable, but can be improved and refined using insights from psychology
            and brain research. It’s a perspective that offers some hope to those whose sense of smell is naturally weak, or who have
            suffered a loss of smell after a viral infection. What can they do to start recognizing the differences between grape varieties
            in wine, experience the smell of fresh rain during a walk in the forest or connect with the smell of a newborn baby?
         

         
         This is the subject of the third part of the book. There I describe the ability of the sense of smell to recover and improve,
            and how my research group is working to find new methods to train the brain using smells. In other words, nasal gymnastics.
            The olfactory training program that I developed to prevent memory impairment has had a completely different application since
            2020. When the coronavirus hit the world, the sense of smell suddenly came into focus. Suddenly, more and more people contacted
            me, telling me how their sense of smell and taste had changed. Some described it as all food tasting like cardboard. Some
            suffered intense distaste when their boyfriend suddenly started to smell rotten. One became depressed because he could no
            longer smell his children. So many people who in a short time were affected by an unknown, and invisible, disability. They
            asked if I could help them in their rehabilitation.
         

         
         At first I thought no. I’m not a physician and I don’t prescribe medication. According to the conventional wisdom about the ailments of our bodies, the only cure for loss of smell must be a pill, a spray or a surgical procedure. But medical technology does not yet have much to offer those suffering from changes in their sense of smell. I noticed that the emails I received had a common theme: the sufferers had not received any help from medical professionals. They needed something that the health care system could not give them. They lacked words for their experiences, they lacked recognition from friends and they missed the memories and emotions associated with smells that could no longer be brought to life. I realized that my experience and knowledge could be useful to them, and also to anyone who knows someone suffering from this loss. The emails from sufferers gave me the impetus to write this book. One of the main discoveries from my twenty years of experience as a smell researcher is that smelling is an ability that can be developed, improved and refined. Experiences are something we can talk about and share with others—if we find the right words. Therefore, there are also unexpected opportunities to cultivate the sense of smell—a journey that starts on the next page. 

         
         
      
   
      
      
      
         
            Part I
The Forgotten Sense

         
         
      
   
      
      
      
         
            Chapter 1
The Superpowers of the Sense of Smell

         
         If you had to sacrifice one of your senses, which one would you choose? Think about it for a moment. Consider your senses
            and what experiences you would lose without them. Think about the sound of your favorite music or your child’s clucking laughter.
            Sunrises over rooftops, pine forests or the horizon. The wind from the sea in your hair. The smell of freshly brewed coffee
            or your lover’s skin. No, this is not a choice made lightly.
         

         
         When 250 British adults were asked which sense is the most important, only two, less than 1 percent, chose the sense of smell. Fewer than any other sense. In 2012, when a consulting firm asked seven thousand young adults what they would prefer to keep if they could choose from a list that included their sense of smell, passport, makeup and cell phone, half were willing to sacrifice their sense of smell to keep their cell phone. In another survey, Americans were asked what was more important: their sense of smell or their pinky toe? The result was a tie—participants thought the little toe was just as valuable as the sense of smell. This was the case—at least until the coronavirus pandemic broke out in earnest in 2020. Since then, around 300 million people have suffered from an impaired or distorted sense of smell after contracting the coronavirus. Most people now know someone who has been affected. Has this made us care about the sense of smell? Yes; a research study conducted in the US in 2021 by Rachel Herz and colleagues showed that the sense of smell may now be making a comeback. Only 15 percent of respondents chose to sacrifice their sense of smell for their pinky toe, and only 19 percent chose to sacrifice their sense of smell for their phone. Admittedly, sight and hearing were still considered far more important than smell. But perhaps we are finally rediscovering the importance of the devalued sense of smell. How did it end up at the bottom of our list of important sensory experiences? To understand this, we need to travel to nineteenth-century Paris. 

         
          

         On May 19, 1859, the Society of Anthropology of Paris held their inaugural meeting. Paul Broca took the podium, well aware
            of the spy sitting in the audience. He was familiar with the other audience members. Nineteen respected colleagues, well-dressed
            and mustachioed. Together with Broca, they formed a significant part of Paris’s scientific elite. They all knew each other.
            But among them there was also an unknown man. The spy was sent, Broca knew, by the chief of police on the orders of the bishops
            of the French senate. The spy’s mission? To ensure that the society did not fall into “atheism and materialism.”
         

         
         By this time, modern science had rocked the world. Charles Darwin, Broca’s role model, had recently presented the seeds of
            the theory of evolution. In a presentation of his research, Darwin had argued that animal species changed through evolution,
            and this notion would lead to the controversial conclusion that humans were related to apes and other animals. On the Origin of Species would be a bombshell when it was released in the fall. Broca was a doctor and physiologist, and like Darwin, he was fascinated by animal breeding. But the time was not quite right for his ideas. Broca stirred up controversy in the French biological society with a paper on how hares and rabbits could undoubtedly produce a common offspring. According to Broca, these hybrids showed that the boundaries between different animal species were not as strict as previously thought. The established view was that animal species were created by God, each with a specific purpose in creation. The paper was considered both embarrassing and blasphemous. Biologists were not ready for this kind of innovation. 

         
         After long negotiations, Broca had managed to get permission to form his own scientific society, and organize the first meeting
            of la Société d’Anthropologie de Paris, the world’s first association to understand the innermost nature of man by studying
            his behavior and brain. The society was an initiative of freethinkers among Broca’s colleagues, and they were not popular
            in all camps. According to the men of the Church, freely seeking the truth about humans risked giving rise to subversive ideas,
            such as that humans do not have free will. Paul Broca’s own research laboratory had long been under surveillance. The authorities
            did not allow societies of more than twenty people, and all members of the society had been thoroughly vetted by the authorities.
         

         
         Paul Broca studied the brains of many different human and animal species and understood better than anyone else at the time how they differed from each other. That is, he didn’t understand much. Among his papers were detailed studies of the brains and craniums of everyone from the Italian writer Dante Alighieri to “the murderer Lemaire,” whose particular characteristics and actions Broca thought he could understand from their brains. Political ideas were rampant in brain research at the time, and the presence of the Church often required researchers to package their findings creatively to avoid criticism. Broca’s investigation of the differences between French and German brains made him popular with patriotic countrymen. The French had wider heads and therefore better brain functions, Broca claimed. But a particularly big research problem was the fact that different animal species had such similar brains. It was common knowledge among experts that the brains of humans and apes were similar, and this fact risked leading to the uncomfortable conclusion that they were cast in the same mold, that they were related and that humans might lack a unique and free will—thus questioning an important dogma for the Church. It was important to avoid conflict with churchmen, and after the Paris meeting, Broca navigated the minefield. Likening humans to other animals could lead to problems. The solution came down to the sense of smell. 

         
         The human brain, Broca said, was characterized by large, powerful frontal lobes. People who suffered damage there lost the
            qualities we consider uniquely human: decision-making, social skills, language skills. Simpler animals did not have such impressive
            frontal lobes, nor did they exhibit anything resembling human intelligence. What the simpler animals had instead, Broca said,
            were olfactory brains. In the rat and mouse, the olfactory bulbs, the buds that receive the olfactory signals from the nose, were mighty bulges
            in front of the rest of the brain. But in humans, Broca argued, the sense of smell had receded to make room for the frontal
            lobes. He wrote: This lobe, enlarged at the expense of others, occupied the cerebral hegemony; intellectual life is centered there; it is no
               longer the sense of smell that governs the animal, it is intelligence enlightened by all the senses. Broca came to divide animals into two categories: the osmatic animals, which have the sense of smell as their main sense, and a few anosmatic animals, which, like humans, are not controlled by their sense of smell. The division was based on the opposition between the sense of smell, which Broca considered “bestial,” and higher intelligence. It was intended to explain how humans differed from other animals: we humans are governed by reflection and thought and have suppressed the primitive sense of smell. The division was also colored by the racial theories of the time. Some of Broca’s anthropological colleagues had started mapping how smells had important cultural and religious meanings in other, non-European cultures. The importance of smell was interpreted as a clear sign that these peoples were more primitive than Europeans. Contrasting the primitive sense of smell with the intelligence and civilization of the Europeans was a compelling comparison, understandable and appealing to both the public and the most zealous controllers of the Church. The neuroscientist John McGann has argued that Broca’s distinction between osmatic and anosmatic animals was so appealing that it came to shape the view of the human sense of smell for 150 years. So strong that even today young people often value their cell phones more than their sense of smell. The problem is that this comparison led us astray. 

         
         Broca’s great discovery, that the frontal lobes of the brain contain much of what we consider to be uniquely human characteristics,
            also meant that another part, the olfactory brain, was overshadowed. This created an opposition between the higher intellectual
            abilities and the lower sense of smell. The British physician and anatomist Sir William Turner took over from Broca and made
            a new classification: animals had either a sensitive sense of smell, an insensitive sense of smell or no sense of smell at
            all. Turner placed all animals in one of these three categories, but he ignored the fact that there were no scientific studies
            yet on which animals had a better or worse sense of smell. It was a guessing game disguised as science. Turner based his classification
            on Broca’s division into osmatic and anosmatic animals. But there was an insidious slippage from Broca’s definition of “being
            controlled by the sense of smell” to Turner’s definition of “having a sensitive sense of smell”—which are two completely different things.
         

         
         We have a bad sense of smell because we are so smart! The notion became part of the legacy of Paul Broca. The irresistibly flattering narrative reappeared in many medical textbooks and treatises around 1900. The American anatomist C. J. Herrick went all out when he wrote that man’s sense of smell was “greatly impaired, almost rudimentary” and that “the vastly greater equipment of most other mammals gives them powers far beyond our comprehension.” Man’s supposedly poor sense of smell even interested Sigmund Freud. For him, it was necessary for modern man to suppress the sense of smell, as it reminded us of our animal urges from when we were four-legged and, like dogs, sniffed each other instead of saying hello. 

         
         The sense of smell—primitive and instinctive. Language—reasoning and intellectual. Smell and language were presented as opposites.
            Even when comparative research results pointed to a well-developed human sense of smell, it was difficult to let go of what
            had now become dogma. Sir Victor Negus compared the olfactory mucosa of rabbits and humans—the area of the nasal cavity where
            smells are captured and transmitted to the brain—and found that it was actually larger in humans. This could have led to a
            reassessment. But strangely enough, Negus came to the opposite conclusion, that “in man the sense of smell is weak and not
            of great importance,” and that studying the human sense of smell was a waste of time. Such was the power of theories that
            scientists even ignored results that defied their own prejudices. When scientists distanced themselves from the sense of smell,
            they also distanced themselves from our animal prehistory, and it became a way to emphasize the uniqueness of humans over
            other animals.
         

         
         It was at another gathering, 156 years after Broca’s Paris meeting, that the myth of man’s poor sense of smell was punctured. It happened on Thursday, April 23, 2015, at a hotel in Bonita Springs, Florida, where the Association for Chemoreception Sciences was holding its annual meeting. A small buzz went through the audience when zoologist Matthias Laska from Linköping University changed the PowerPoint slide. The slide showed a funnel-like diagram, a summary of the research conducted so far on the sensitivity of humans and other animals to smell, and its meaning was immediately clear. Laska explained that many different animal species had been tested for their sensitivity to different odor molecules. Of these species, a total of twenty of them had been tested on the same odor molecules that had been tested on humans, making a comparison possible. Who was most sensitive? Sitting in the audience at the time, I read with amazement which species had been tested. Monkeys. Vampire bats. Dogs. And, of course, rats and mice, the most common laboratory animals, which have taught us so much about the functions of the body and brain. But what impressed the audience was how unambiguous the results were. Humans’ sense of smell was clearly better than that of most other animals! The scientists in the audience had spent their working lives investigating the senses of smell and taste. Many had probably suspected that the human sense of smell was better than its reputation. But still, Laska’s compilation was a revelation: humans have an excellent sense of smell. 

         
         Because of Laska’s research, the old myth was blown out of the water. Humans were more sensitive than other animals to the
            vast majority of odor molecules. Human versus rat: 31 to 10. Human versus mouse: 36 to 35. Human versus vampire bat: 14 to
            1. Human versus spider monkey: 58 to 23. The only animal that was clearly better than humans was the dog, which is more sensitive
            to 10 out of 15 odor molecules. Dogs are the olfactory kings of the animal kingdom, and later on you will learn about their
            special olfactory abilities. Perhaps the most surprising aspect of the comparison is that we humans actually perform so well
            in the smell tests that we can even give dogs a run for their money.
         

         
         But perhaps you are wondering how it is possible to investigate the odor sensitivity of a rat. They can’t tell us in words which smells they’re most sensitive to. And how do we know that the rats really care about the researcher’s odor task and aren’t thinking about anything else? It is actually quite easy to test their odor sensitivity, but it takes some time. First, a rat must learn to associate an odor with food or drink. The researcher usually lets the animal go hungry or thirsty for a few hours before the experiment; this is not dangerous for the rat, but it increases its interest in exploring its surroundings. The rat is then released into a small chamber with a hole in the wall and a water bottle. When the rat sticks its nose into the hole, a smell machine puffs out an odor, and then the water bottle releases a drop of water. This does not happen every time. Sometimes only clean air comes out of the hole and the rat gets no water. Finally, after practicing for a while every day for a few days, the rat gets the hang of it: when the smell comes, I get a sip of water. Then the researchers see that the rat’s behavior changes. When an odor is released, the rat rushes over to the water bottle, but when no odor occurs, the rat pulls its head back and tries its luck again. Once the rat learns the connection, the researcher can reduce the strength of the odor. When the smell is weak enough, the rat reacts as if there is no smell there. Then the researchers have found the rat’s odor threshold. Similar tasks can be designed for any animal that can smell and learn—and that’s most of them. Elephants, for example, have an excellent sense of smell and they put their trunks into different smell boxes to locate the smell. If they choose the right box, they get a carrot as a reward. 

         
         Those who described human beings as odor-impaired animals did not do so on the basis of careful scientific comparisons, but on the basis of their own cultural prejudices and beliefs. Observations of the brain became, as so often in human history, the “evidence” to justify what was perceived as a hierarchy in nature. But when we take a closer look at the human olfactory brain, we understand a little better how the early scientists could be so wrong. The human olfactory bulb looks undeniably modest where it is tucked under the huge frontal lobes. It is natural for scientists to compare the size of brain areas with each other to understand them better. The space occupied by different areas is described in proportion to the whole brain. This habit is due to the fact that brain areas often change together during evolution. And the size of the brain is largely related to the size of the body. Larger animals have larger brains. Therefore, scientists adjust for brain size when assessing different brain areas and how they differ among animal species. 

         
         Your olfactory bulbs represent only 0.01 percent (one ten-thousandth) of the weight of the entire brain; they occupy about
            60 cubic millimeters of volume. In a mouse, the weight of the olfactory bulbs is as much as 2 percent of the brain and the
            bulbs are easy to identify. Using this comparative research method, the mouse’s sense of smell appears to be much better than
            that of humans. But on reflection, it is not always a good idea to think this way. After all, the mouse olfactory bulbs are
            not larger than ours, but much smaller. It’s because the rest of the human brain is so much bigger that our olfactory bulbs
            look so modest. However, a large brain is hardly detrimental to the sense of smell. The ability of the olfactory bulbs to
            process odors depends mainly on the capacity of the interconnected neurons located there. So how many neurons are inside the
            human and mouse olfactory bulbs? It turns out that a human olfactory bulb contains 10 million neurons, while a mouse’s contains . . .
            10 million neurons. The typical mouse has the same number of neurons in the olfactory bulb as does the typical human in theirs,
            and according to Laska’s comparison, we have roughly the same sensitivity to smell. In fact, virtually all mammals have a
            similar number of neurons in the olfactory bulb, even though the total number of neurons as well as the size of the rest of
            the brain and body vary greatly among mammals. Scientists tend to describe the olfactory brain as an exception, because although
            the rest of the human brain has become larger through evolution, the olfactory brain has retained its basic design. It has
            not regressed, but neither has it grown in the same way as many other parts of the brain. The olfactory brain has been preserved.
            It connects us humans with mice and other mammals.
         

         
         If we are not “anosmatic” animals as brain scientists used to claim, but rather have a sharper sense of smell than many other animals, we can suspect that it is our large brains that help us to smell. Shouldn’t the sense of smell benefit from the high brain capacity that evolution has given us humans? That would be the opposite of what scientists have long claimed, that the olfactory brain has been overshadowed by our big brains. Instead of describing the functions of the brain as a tug-of-war between different areas, as some of the pioneers of brain research did, Laska’s compilation helped to create a different picture, where the sense of smell could be enhanced by the enormous capacity of the rest of the human brain. 

         
          

         So how good is the human sense of smell? Well, good enough to detect the odorant butyl mercaptan diluted to a concentration
            of 0.3 parts per billion. This is equivalent to three drops of the substance diluted in a volume of air equivalent to an Olympic swimming pool. Our
            sensitivity to this foul-smelling substance, commonly described as smelling like a rotten egg, has given it a special application.
            Different varieties of mercaptan odors are added to household gas, which is naturally odorless, to reveal if there is a leak
            in the kitchen. In the early 1900s, parts of Stockholm were evacuated because a bad smell was spreading in the city. In fact,
            a small painting company had poured some buckets of paint and other materials—containing mercaptan—into the Riddarfjärden
            bay.
         

         
         The mercaptan smell has saved many lives by warning of gas leaks. Unfortunately, we also encounter these substances in our
            lungs and intestinal gases, making some body odors particularly repulsive to sensitive noses. In the next few chapters, we
            will delve more deeply into the psychology of disgusting body odors.
         

         
         Because scientists have not prioritized the sense of smell, myths have arisen in the place of knowledge. One of the most common myths is that “humans can smell ten thousand odors.” This may sound like a high number, but our senses of sight and hearing have a much higher capacity than that. Many people have heard this estimate of the sense of smell, but few know where it comes from. The origin of this myth—because it is a myth—is an almost century-old research report. The scientists who wrote the report believed that there were four basic smells, which could be combined in a variety of ways to create all kinds of different olfactory experiences. They also argued that the sensitivity to these four basic odors was high enough for a typical human to distinguish nine different strengths. This became the input for the researchers’ calculation, which showed that people can distinguish between 94, or 6,561, odors. This figure was rounded up to ten thousand, and this figure lived on in newspaper articles about the sense of smell. As you might guess, the estimate is highly questionable. For starters, why did scientists think there were four basic smells? Perhaps because it was believed at the time that there were four basic tastes: salty, sweet, sour and bitter. The sense of sight also has a few basic elements. What we see is based on the wavelengths of light, which are translated in our retinas into three basic colors: red, yellow and blue. These can be mixed into all different shades of color, and we can tell the difference between about 5 million of them. However, recent research has shown that smells cannot be reduced to a few categories at all. This makes the sense of smell more elusive than taste and sight. For the sense of smell, the simple building blocks are missing; instead, it is believed that the nuances of smells vary along several different dimensions. The two main dimensions correspond to pleasantness (how good or disgusting something smells) and edibility (how edible or inedible something smells). These two dimensions explain part of how we perceive smells. But then, according to some scientists, we have another twenty-two dimensions that we cannot describe in words, nor do they correspond to any simple chemical principles. So the sense of smell seems to be much more complex than both sight and taste. 

         
         Exactly how many smells a typical human can distinguish is still a mystery. But it is probably a very high number, much higher
            than ten thousand. A few years ago, researchers at the Rockefeller University tried, for the first time using advanced methods,
            to examine the ten thousand figure and find the true upper limit of human olfactory capacity. Selecting thousands of odor
            molecules and presenting them to participants would have been impossible for practical reasons. Instead, the researchers created
            a smaller set of 128 odorant molecules, diluted them to the same odor strength and then combined the molecules in mixtures
            of 10, 20 and 30 molecules each. An important aspect of the experiment was that the mixtures were partly composed of the same
            molecules, and the overlap made the mixtures harder to distinguish. The participants’ task was just that, to try to distinguish
            odor mixtures that smelled similar. The results showed that if more than half of the molecules were the same, the mixtures
            became difficult to distinguish from each other. The researchers then performed an advanced mathematical calculation that
            led to an estimate of how many smells a typical human can distinguish: at least 1 trillion, one thousand billion smells! The figure is staggering. If true, smell is probably the most sensitive sense in humans. But the study has also been criticized.
            It relies on a very sophisticated mathematical model, and does not provide direct evidence that humans can really distinguish
            so many smells. Critics have shown that other calculations can result in much lower estimates. The mystery remains. But again,
            the figure is probably much higher than ten thousand. We can probably distinguish at least as many smells as we can colors—millions
            of them.
         

         
         The human sense of smell can be used for tasks that we didn’t ever think we could master. Take tracking, for example, where dogs sniff their way around, moving their heads from side to side and heading toward their prey. Neuroscientist Noam Sobel and his colleagues wondered if humans could perform a similar feat. They had students at the University of California at Berkeley smell their way around one of the university’s lawns. For the experiment, the researchers laid a 10-meter-long trail of chocolate in the grass. The participants were astonishingly adept—21 of the 32 participants were able to follow the trail all the way to the finish line. Some of them then had to practice the task every day, and they became better and better “tracking dogs” the more they trained. 

         
         But human sniffer dogs are not the strangest example of human odor sensitivity. That prize goes to researchers at the Swedish
            University of Agricultural Sciences (SLU) in Alnarp, near Lund, Sweden. The researchers studied fruit flies, the small creatures
            that in summer smell their way to our fruit bowls, food scraps and wineglasses, which are excellent sources of nutrition for
            them. The females, the SLU researchers knew, emit pheromones, mating signals that attract the males. The researchers discovered
            that they themselves could smell the difference between females and
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