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Don’t be too timid and squeamish about your actions. All life is an experiment. The more experiments you make the better.


—Ralph Waldo Emerson







To all the awesome kids who wrote to me after reading Oh, Yuck! and Oh, Yikes! I can’t wait to hear what you have to say about THIS book.


—Joy Masoff


To Felix—may you always remain curious.


—Jessica Garrett and Ben Ligon
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Introduction


HEY, YOU! YEAH, YOU . . . THE KID WITH THE GIANT BRAIN!


It’s time to put that brain to use in the name of SCIENCE! It’s also time to get your hands a little dirty . . . okay, maybe a LOT dirty. All kinds of grossness awaits in the pages ahead, from spiders and worms to farts and fungi. But what kind of science will be your domain?


Why not try your hand at chemistry and conjure up all sorts of fizzy, fetid potions? Or, you can become a biologist and probe the mysteries of your (and other animals’) insides. No guts, no glory, as we say! Or perhaps you’re obsessed with outer space or loop-the-loop roller coasters? Then you’ll want some playtime with physics—the study of the way the world works. And what scientist doesn’t like a little tinkering and inventing new things? You’ll need engineering and math muscles to build the next great gizmo. Whatever your specialty, there’s something in this book for you.


Along the way to science stardom, you will go nose to nose with nature’s nastiest, meet some slightly gruesome scientists, and best of all, create all sorts of stinky, slimy concoctions! Just remember: When you’re world famous for your amazing scientific discoveries a few dozen years from now, thank your grown-ups for being so patient with you (and maybe give us a shout out too!).


[image: Images]


YOU DO HAVE A GIANT BRAIN, RIGHT?


Were we wrong? Is your brain the size of a gnat’s? Is your favorite word duh? If you answered yes to any of these questions, drop this book immediately and go bang two rocks together for the next few hours. This is not the book for you.


Okay . . . you’re still here reading this—good! You’re clearly using your brain. If so, you will no doubt understand the following rules you must follow when conducting any of this book’s yucky, superfun experiments. So raise your right hand and repeat after us!


1. I will be safe. You’re not a toddler anymore. You know not to stick a fork in an electrical outlet. But if we say “Get a grown-up to help,” it means exactly that! Failure to do so will be the equivalent of sticking said fork in yonder outlet!


2. I will use protective gear when told to. Hey—you want to gamble with your eyeballs? Got a few spares lying around in a drawer somewhere? We didn’t think so. Safety glasses are needed for some of the “adventures” that await you. They are totally cool and make you look even cooler! Wear them! Your eyes will thank you! (You can find them in your size at the hardware store or online.)
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Protect your eyes!







3. I will not eat or drink my experiments unless I’m expressly told it’s okay. And that goes for drinking out of any “lab ware” (i.e., the dishes you used in an experiment) without carefully washing it with soap and water. Eating an “edible spider” like the one here is A-OK. Eating a real one plucked raw from a petri dish is just plain dumb.


4. I will not mess with Mother Nature. When you are out gathering fungi, bugs, rocks, dirt, spiderwebs, worms, or other awesome things, look around very carefully. Stay away from snakes! Do not disturb nests! And for heaven’s sake, don’t go number two in a patch of poison ivy.


5. I will clean up afterward. Rub-a-dub-dub. Wash your hands in a tub—or a sink, or SOMEWHERE—ANYWHERE! When you are done with a project, clean up your mess. Your grown-ups are not your servants, and their greatest joy is not in picking up the leftover science stuff you have strewn all around the house.


TRIPLE ICK!


Things will get slimy, smelly, and sticky. You’re going to brew some fake snot, conduct a body odor tournament, investigate poop, pop a huge pimple, and hang out with some worms, to name just a few of the ick-speriments, ick-tivities, and ick-splorations that are coming up.


Before you dig in, you might be wondering, “What exactly is the difference between an ick-speriment, an ick-tivity, and an ick-sploration?”


If it’s an ICK-SPERIMENT, you will be doing some real science using the scientific method. You will ask why something happens, come up with a hypothesis, and then investigate and make a conclusion based on the data you collect. Nobel Prize, look out! Your parents will be proud, and your teachers dazzled, and no one will ever guess just how much fun YOU actually had.


If it’s an ICK-TIVITY, you will be building or making something. Some of it will be tasty, some will test your cleverness, and some of it, like a portable hair ball, will have no use at all other than being hilarious.


If it’s an ICK-SPLORATION, you’ll be playing the role of fearless explorer, braving the wilds in search of critters (or better still—critter poop). Or maybe you’ll just be braving the wilds of your house in search of something small but creepy. Sometimes you’ll be combining chemicals just to see what will happen. Seek and ye shall find—something stinky, sticky, or slightly weird!


All right, then! Roll up those sleeves! Let’s get MESSY!








HOW TO THINK LIKE A NOBEL PRIZE WINNER


What does it take to be a kick-butt scientist? You don’t need bushy white hair, a giant moustache, or even a white lab coat to be a smarty-pants. What you DO need is to remember these six little steps.


1. Question Be curious about the world around you and get comfortable asking questions like: What? Which? How? Why? Think about what you want to learn. Once you have the right question, you can start figuring out how to arrive at an answer. Example: Why does Uncle Bob fart so much? The last fart bomb that Uncle Bob unleashed nearly knocked me out!




2. Research and Observe You have eyes, ears, a nose, fingers, and a tongue. Use them! Read about what other folks have found out. Observe what happens around you, even if it’s the smell of a nasty butt bomb that makes your eyes water. Anything can be evidence! Example: Uncle Bob farts constantly. He also eats a lot of baked beans.




3. Hypothesis Two little words: if and then. Based on what you already know, try to predict the answer to your original question. Example: If Uncle Bob is a nonstop farter, then it could be because he eats baked beans three times a day. If I make my cousin Mo and my pal Bo eat beans, then they will crop-dust like a duo of flatulent elephants!




4. Experiment This is the fun part! It’s time to test the hypothesis. Example: I’ll ask Mo and Bo to eat beans at every meal for one whole day. We’ll hang out together and I’ll count all the farts. Then we will do a day with no bean eating, count the farts, and compare.




5. Data These are the facts and numbers you gather and analyze while doing your experiment. Example: Mo farted 15 times and Bo tooted 12 times on the bean-eating day, but only 5 and 4 times each on the bean-free days.




6. Conclusion Finally, you’re ready to answer to your original question. Was your hypothesis correct? Example: Uncle Bob farts nonstop because he has a serious baked-bean addiction! The hypothesis was correct!




Do you recognize these six steps? They make up an awesome process called the scientific method. Scientists use this method all the time. It’s a great way to organize your thoughts and observations and to pass your findings on to other scientists. It helps you keep track of your experiments so that you don’t make the same mistakes next time (i.e., sleeping over at Mo and Bo’s house on bean-eating days!).


It might help if you jot down all your questions, observations, hypotheses, data, and findings in a handy notebook. This way, you’ll have a record of all your scientific adventures, and it will be easy to share with friends and teachers so they know just how brilliant you are!
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Arachnids


The itsy-bitsy spider’s not so bad. One or two on a waterspout? No big deal, really. But a giant, hairy-legged creature the size of a dinner plate with inch-long fangs crawling up your leg? That’s another story entirely!
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I SPY A SPIDER


Remember that skittish tuffet sitter, Little Miss Muffet, from the nursery rhyme? The one who freaked out when a spider sat down beside her? She had arachnophobia (uh-rack-nuh-foe-bee-ah) and she has a lot of company. More people are afraid of spiders than any other creature—even snakes. Spiders can be creepy, but most are really harmless. In fact, most spiders have a bad case of human-o-phobia—they are terrified of people. A spider that has somehow landed on you wants off of you a whole lot more than you want it off. And FYI, when it comes to spiders, flicking the little critter away is a whole lot tidier than smooshing it onto your skin. Safer too, since a panicked spider can sometimes bite. Just remember they’re doing it because YOU totally freak them out!


The Arachnid (uh-rack-nid) class contains all sorts of nasty crawling creatures, including scorpions, mites, and ticks. All arachnids have eight legs and two body sections. They don’t have antennae the way insects do. But only spiders spin webs. They are definitely the stars of the arachnid show, so let’s start with them. There are more than 40,000 different species of spider. Compare that to the 35 or so species of cats and you start to see that there is a lot of variety in the spider world. The great majority of spiders are actually very cool!
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Some folks keep tarantulas as pets! Just don't try to take yours for a walk around the block . . .







FORGET SPIDER-MAN. MEET SUPER-SPIDER!


Think of spiders as tiny superheroes. Just a few spiders crawling around your house will nab, and then nibble on, all sorts of really annoying bugs, like roaches and earwigs. Many insects are disease carriers, but spiders keep you safe by capturing and then gobbling up dangerous pests such as mosquitoes, fleas, and filthy flies. Spiders do love their snacks!


You can put spiders to use in your garden too. Spider venom is an eco-friendly insecticide, so instead of spraying vile chemicals on your tomato plants, just let your neighborhood spiders spin their webs nearby! No nasty, toxic fluids in your tomato sauce!


Still think spiders are supercreepy? Lucky for you, spiders control their own population growth. When food is scarce, some spiders turn against each other. They pull on eight tiny boxing gloves and FIGHT to the death (just kidding about the gloves!). What does the winner get? No trophy . . . but they do get to EAT the loser. Yum! Spider cannibalism!






ICK-TIVITY


[image: Images]



TASTY TARANTULAS


One way to become an arachnid expert is to make a model of one of the ickiest—the tarantula. When you are done, go ahead and eat it, just like a triumphant spider after a fight!


You now know that all arachnids have eight legs and two main body parts. One part is a head-and-chest combo called the cephalothorax (seff-uh-low-thor-ax). The other (usually bigger) part is the abdomen. Spiders like the tarantula also have fanglike mouthparts and two antennalike “feelers” called pedipalps sticking out of the front of the cephalothorax. These feelers can be so long that they almost look like legs, but they are not, so don’t try to put tiny sneakers on them. Finally, spiders also have between two and eight spinnerets, handy organs that spin spider silk.






GO FETCH




A large box of raisins (you will need about 15 to 18 raisins per leg)


About 26 toothpicks


Black licorice


1 small to medium plum to represent the abdomen, a tarantula’s biggest part


1 large prune or fresh black fig to represent the chest (the larger hunk of the cephalothorax)


1 large purple grape to represent the jaw parts of the cephalothorax










1. Thread six raisins onto a toothpick, leaving about half the toothpick bare.


2.When you get to the end of the toothpick, cap it with a bit of black licorice about ¼ of an inch wide. Think of it as a spider knee!
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3.Repeat this with seven more toothpicks so you have the start of all eight tarantula legs.


4.Stick a second toothpick into each licorice end and thread raisins onto each one, this time covering the whole toothpick with raisins. Cap them with another small piece of licorice to represent a tiny spider claw. Make eight of these in total.
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5. Attach the plum to the prune (or fig) by sticking a toothpick partway into the plum and then pushing the exposed part of the toothpick into the prune (or fig). You now have a cephalothorax and abdomen.
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6. Attach each leg to the cephalothorax by sticking the bare part of the toothpick into the prune (or fig). Arrange them with four on each side of the body.


7. Complete the cephalothorax by attaching the jaws—a large purple grape slit about three-quarters of the way through. Use a toothpick to secure it to the rest of the cephalothorax.


8.Every tarantula needs its pedipalps. Thread eight more raisins onto two toothpicks (four raisins each) and stick them in the prune just about at the spot where the grape meets it.


9. Split another toothpick in half and stick the two pieces in the spider’s rump. These represent the spinnerets.


10. Leave your tarantula lying around somewhere, then gross out a grown-up by plucking a leg off and nibbling happily. Careful with the toothpicks!
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Speaking of edible spiders, the Piaroa peoples of Venezuela are big fans of eating real tarantulas—roasted with a little seasoning. Mmm! Folks in Cambodia also think tarantulas are finger-licking good. Fried or oven-baked? So hard to choose!







WEBMASTERS


Ever walk into a spiderweb? Disgusting! The stuff sticks to you like glue. But stop for a minute and think about this: What if you could spin long steel cables, shoot them out your butt, and link the strands together to create an amazing suspension bridge, with no tools whatsoever? You could if you were a spider. A spiderweb is a total engineering marvel, both in the way it’s made and the stuff it’s made out of.


Take spider silk. Spiders have special glands that do nothing but produce the liquid that makes web strands. When this liquid is exposed to the air, through the spinnerets, it quickly dries. In this state, it weighs practically nothing. If a spider could somehow crank out a single strand that could circle the Earth (about 25,000 miles, or 40,000 kilometers around), it would weigh only about one pound (450 grams). That strand could then be stretched to go around the Earth a few more times without breaking. Web silk looks fragile, but pound for pound, it’s way stronger than steel and even Kevlar (the material used to make bulletproof vests). That means that if you had a pound of spider silk and a pound of steel next to each other, the spider silk would be way stronger! Useful stuff, but unlike milking a cow, there’s no easy way to “silk” a spider, so it would be VERY hard to actually get a pound of it!


When baby sea turtles are born on land they know to head for the ocean. That’s called an instinct: No one has to teach them how to do it. It’s the same with spinning a web. A spider just knows! Silk can be used to build a house, capture dinner, and protect tender spider eggs. Desert spiders can spin silk that withstands high heat and dryness. Rain forest spiders make strands that resist moisture and won’t rot under the dampest conditions. And a spider can produce different kinds of webs—sticky silk to lasso supper, and nonsticky silk to create a path so it can reach its victim.








Speak Spider


Spiders can’t talk or text, but they can communicate! When they feel threatened and are about to strike, they often stand up on a few of their hind legs or hop sideways. So don’t mess with a spider that’s sending that kind of body language. Below, a Goliah bird-eating spider says “back off!”
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SPY THESE SPIDERS? Should You Be Scared?


Of the over 40,000 species of spider, fewer than 50 kinds have venom that can be harmful to you, and the most terrible lives in the rain forests of Brazil (see below). So relax! But still—it’s best to be spider savvy. Venomous spiders do their damage in two different ways. Necrotic (neck-rot-ick) venom eats away at the skin around the bite site. Neurotoxic (new-row-tox-ick) venom travels into the nervous system of the victim. Ouch! It’s no coincidence that both those words end with “ic” . . . as in “ICK!” Here are a few fearsome foes to be mindful of:


1. Brazilian wandering spiders are residents of the Amazon rain forest and should come with a skull-and-crossbones warning. With legs up to 5 inches long, they are big creepy-crawlers with really toxic venom. They’re crazy-aggressive too.


2. Goliath bird-eating spiders don’t usually eat birds, but they can take down a rodent or a frog! With legs up to 11 inches (28 cm) long, they are one of the biggest spiders on the planet. Natives of South America, these enormous creatures have terrible eyesight, so they use their hairy legs to sense motion. Of course, just seeing one of these guys might be enough to give a person a heart attack!


3. Tarantulas are fat, furry, and scary-looking, but in fact their venom is weaker than a honeybee’s. A bite might hurt a bit, but it’s not really harmful in the long run. What IS annoying is that they can rub those hairy legs together to send little razor-y leg-hair barbs into the air, which land on whomever they think is trying to attack them. It’s like getting stuck with a bunch of tiny knives. Most unpleasant!


4. Black widow spiders are considered the most venomous spiders in North America. You can tell if you meet one by its red hourglass marking on the underside of its abdomen. Black widows usually only bite if they are being squashed, but their bites are very venomous and can cause nausea, muscle aches, and difficulty breathing. Ick, indeed! There are also brown and gray widow spiders, among others. An easy-to-remember tip: Stay away from any spider with the word widow in it.
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SOME SPIDER SAFETY BASICS


If you live in an area with poisonous spiders, here’s how to stay safe: Don’t stick your hands into piles of wood or leaves. Give a gentle prod with a stick first to send spiders scurrying. And don’t leave shoes, boots, or gloves outdoors overnight. To a spider, they look like luxury hotels. If you do leave them out, give them a good bang and shake upside down before putting your tootsies inside!





THE WIDE WORLD OF ARACHNIDS


By now you know that not all arachnids are spiders (you do know that, right?). Here are some of spiders’ relatives, all part of the arachnid class.


1. Scorpions live on every continent except Antarctica, so unless you live on that frozen land, keep your eyes out for a critter with a long, curving segmented tail. Of the more than 1,500 species of scorpion, about 25 can kill with one sting! Still, scientists are a creative bunch and have discovered that some scorpion toxins can treat dreadful diseases. And some people in China skewer scorpions on slender sticks, roast them, and crunch away, rather like an arachnid kebab.
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2. Ticks are capable of real mischief. That’s because their favorite food is blood. They cut into the skin, insert their feeding tube, and start sucking. Unfortunately, they often carry diseases. Tick-born baddies like Lyme disease and Rocky Mountain spotted fever can make you feel like a pile of rotting garbage. Check for ticks on your skin after playing outside. If you find one, get a grown-up. Never try to pull it off by yourself.


3. Daddy longlegs sure looks like a spider, but he’s not (and in fact, many of them are mommy longlegs)! These arachnids, also called harvestmen, can’t spin a web, and they don’t have any venom. They look like an oval brown pill with eight superskinny legs poking out. How to tell the “dads” from the “moms”? Males have longer legs. Like your friendly neighborhood spiders, they eat a ton of pests and other insects and also have a taste for bird poop. Delicious!
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Talk about a tree house! This tree is covered in spiderwebs. Millions of spiders in Pakistan took refuge in trees after massive floods displaced them.











ICK-TIVITY
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WEAVE A GIANT WEB





Surprisingly, not all spider species spin webs. But those that do make such beautiful ones. You think it’s easy to whip up a fly trap out of silk? Try your hand at creating a web the way real spiders do. This won’t be any old tiny web either. This web is made for a spider the size of a soccer ball! (If you just want to make an itty-bitty web, you can just choose proportionately smaller amounts of materials.)




GO FETCH




3 different colors of yarn or string. One should be 20 feet (6 m) long, the others each about 10 feet (3 m) long.


A large Y-shaped stick. Ours made a triangle that was about 3 feet on each side. If you don’t live near trees, you can purchase 2 dowels and lash them together to form a V shape with some string or pipe cleaners.


A glue stick


A piece of newspaper or other surface that is safe for gluing







1. Pick up your longest piece of yarn. You'll use pieces of this in the next 5 steps. Tie one end to a high point on the left side of your Y stick.


2. Pretend you are a spider and release the free end from your spinnerets into the wind. What? You can’t shoot strands of silk from your butt? Too bad. You’ll have to use your hands to string the yarn across to the other side of the Y and tie another knot. Cut the excess string off. A spider would release a thread into the wind and wait for it to catch something—a nearby tree, perhaps—and then they would pull it tight and secure it to whatever they’re standing on. This is called a bridge line.
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3. Loosely tie another thread of the same color across the Y so that it hangs down below the tight bridge thread. Cut the end off.
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4. Tie another piece of yarn to the center of the loosely hanging thread. This new piece should hang vertically. Secure this piece at the bottom of the Y stick, and cut.
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5. Create a V shape by tying two new pieces of yarn between the bottom of the Y stick and the two knots on each end of the bridge line.
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6. A spider would now fill in the gaps with threads that go from the outer edges to the middle. These are called “radius threads.” You can make some too. We used eight, but a spider would use as many as necessary for easy travel across the web. Trim all the ends sticking out from the knots.


[image: Images]


7. Now for the spiral. First, a spider makes a nonsticky spiral that she can walk on. (Otherwise she’d get stuck in her own web! Yikes!) Pick a different color yarn and tie it to the center of the web. Then twist it outward into a spiral. Every time you cross a radius thread, put a dab of glue there to secure it. Keep spiraling until you reach the edge of the web. A spider uses its legs to keep the measurements even.
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8. Next, a spider would turn around and create a sticky spiral back along the path of the original nonsticky spiral. Take your third color of yarn and rub the glue stick all over it. Get it really sticky!


9. Follow the path of your nonsticky spiral, placing your sticky spider silk just around it and pressing it into the web structure so that both spirals will stay.
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10. Hang your spiderweb in your room and pretend you live on it! Maybe you’ll get lucky and catch some yummy flies! Dinner! In fact, before the glue dries, you can play a game called “Spider Suppertime.” Use small cotton balls to represent flies (you can color them black with a magic marker) and throw them at the web. Can you catch a fly? Bon appétit!








WHERE, OH “WEAR” IS MY SPIDERWEAR?


Remember the story “The Emperor’s New Clothes”? A similar but lesser-known tale involves the French spider lover named François de Saint Hilaire, who in the early 1700s patiently gathered enough spider silk to weave several articles of clothing. Legend has it that the fabulously rich King Louis XIV heard about this amazing fabric and demanded an outfit from Saint Hilaire’s spiders. Alas, according to the story, one eyewitness reported that King Louis’s suit “tore in all directions,” giving his loyal subjects a peek at His Majesty’s birthday suit!


Too bad Saint Hilaire did not have silk from the Darwin’s bark spider of Madagascar. This orb-weaver spider’s silk is the toughest biological material ever studied. The spider can spin strands that are almost 82 feet, or 25 meters, long (that’s almost a third of a football field), and their webs are humongous—about 8 feet by 3 feet!


Is spider silk actually suited for clothing? Two ambitious fellows, Simon Peers and Nicholas Godley, decided to find out. Peers and Godley weren’t scientists: Godley was a designer and Peers was an art historian. They read about a machine that existed in the 1800s that could extract silk from a spider and turn it into threads, so they decided to build one and put it to work. But first they needed spiders. Lots of them.






[image: Images]


This cape made of Golden-Orb spiders’ silk took 8 years to make.







So Godley and Peers recruited people to collect Golden-Orb spiders (a relative of the Darwin bark spider). They gathered about 3,000 a day—over a million in all! Then they hired people to patiently pull on the tiny piece of “thread” that poked out from the spider’s spinneret so that it could be attached to the machine via little pulleys. The spider was put into a little harness along with 23 of its spider buddies so that 24 threads were drawn out at the same time, tugging the contents out of each spider’s web sac until there was nothing left. These were all hand-twisted and joined with three more 24-thread strands to make 96-thread strands. How strong were these strands? Someone compared trying to tear one to trying to rip a bike lock cable. That’s pretty strong!


The spiders were returned to the wild, where in about a week their sacs would be full again. The end result was a gorgeous golden-colored piece of fabric. The price tag? It cost over half a million dollars to make, and today it sits in a museum in London.
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With its four shiny eyes, this Mediterranean jumping spider would definitely win a staring contest.







Haven’t learned enough about creepy-crawlies? Scuttle on over to INSECTS for more info on the world of bugs.


	




Awesome Acids and Their Buddies, Bases


You’re watching a nail-biting mystery on TV. The sneering villain has just dissolved a key piece of evidence by pouring acid on it. Metal is dissolving into thin air in a cloud of hissing, bubbling, sizzling steam! Scary, huh? But relax! There is no reason to fear most acids. In fact, they’re really cool.


I’LL HAVE A BOWL OF ACID, PLEASE


Don’t let the word acid make you freak. After all, you probably eat or drink certain acids every day. Go ahead. Have a big mouthful of carbonic acid. It puts the fizz in soft drinks. Lactic acid forms when milk is turned into yogurt. Ascorbic acid puts the zing in your morning OJ. Acetic acid is the vinegar in your salad dressing.


But what exactly is an acid . . . or a base, for that matter? Well, we humans like to sort things into groups. Long ago—back in ancient Egypt and Greece—curious people (who later became known as chemists) noticed that certain substances had several things in common. So they put them into groups and gave them names, like Bob and Jane. Ha! Just kidding! They called one group acids and the other group bases. They noticed that the acids tasted sour, did wacky things when poured on metals, and could burn through skin. The bases were different.








MOVIE-STAR ACID


One of the scariest and strongest acids is hydrofluoric acid. Exposure to it is very dangerous—it can seriously burn your skin and eyes!—but let’s not get confused. There is a scary, totally make-believe version of this acid that got the nickname “Hollywood acid” because TV and movie writers like to pretend it can eat through bathtubs and floors, not to mention people! It doesn’t, and it won’t. But people who are exposed to superstrong acids like hydrofluoric acid DO need medical attention immediately. Fortunately it’s not an acid we come in contact with in day-to-day life.
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Bases could also burn through skin, but they tasted bitter and felt slippery. But what really made those ancient eyes pop was this: When the acids and bases mixed with one another, crazy things happened—fizzy, bubbling, sometimes violent chemical battles between the two groups!


Acids and bases are really important. They are essential for the chemical reactions that happen in your body, from your stomach right down to each tiny cell. If you’ve snuck ahead and read about GUTS, you know a little about hydrochloric acid—the stuff in our stomachs that helps dissolve our food. Our stomach walls are lined with a thick layer of mucus, so the acid can’t hurt them, but get that very same acid on the outside of your body and it might irritate your eyes, nose, or throat. If you’ve ever had the pleasure of vomiting, you’ll know how hydrochloric acid can feel as it rises up your throat—no fun! It’s a good idea to rinse your mouth with water after upchucking because the acid that came up from your stomach can erode the enamel on your teeth!


Just as there are useful acids and scary acids, the same is true for bases. Your birthday cakes would be pitiful-looking if it weren’t for a hardworking base—baking soda—that works alongside acids in cake batter to give it that nice, fluffy texture. And you’d be stinky and definitely dirty if it weren’t for that sudsy base, soap. Sodium hydroxide is a superstrong base that is used to clean clogged sinks. How fierce is this particular base—often known as drain cleaner? Pour sodium hydroxide down a clogged sink and it will eat through a clump of hair the size of a fist along with the other gunk that keeps your dirty bathwater from draining after you bathe. Plumbers hate drain cleaner because if it doesn’t manage to get through the whole clog, then when they are called in to fix it, they can get splashed and the sodium hydroxide will burn their skin. This base is no joke!








geek speak!


For all you chemistry geniuses out there, here’s how scientists classify acids and bases: Acids always release hydrogen (H)when mixed with water. A base releases hydroxide (OH).














ICK-SPERIMENT
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SOMETHING’S GONNA BLOW!





Okay, time for some fizzy fun! You might’ve seen this experiment before, especially if you’ve ever made a volcano in science class. But some things, especially frothing, messy chemical reactions, never lose their charm. We’ll be mixing good ol’ vinegar (an acid) with ever-so-useful baking soda (a base), but tasting each first to really get to know these chemicals personally.








NOTE:


NEVER TASTE ACIDS THAT ARE STRONGER THAN VINEGAR OR LEMON JUICE! AND NEVER EAT OR TOUCH BASES unless you are sure they are actual foods. Many chemists once did taste tests to identify acids and bases, but you should learn from their STUPIDLY SERIOUS and SOMETIMES DEADLY mistakes. Are we yelling loud enough yet? DO NOT MESS AROUND WITH HOUSEHOLD CHEMICALS! Especially bleach and ammonia—avoid these! PROMISE? Good!












GO FETCH




2 cups white vinegar


2 cups baking soda


2 small bowls


2 spoons


1-cup measuring cup


¼-cup measuring cup


Small cup or glass


Large bowl (to catch overflow)


Food coloring (optional)










1. Place the vinegar and the baking soda into separate bowls. This is one of the few experiments where you have our permission to taste. Dip one spoon in the vinegar and then touch it to your tongue. Now, twy to tawk wit yur mout all puckered up! That’s an acid for you. Acids taste sour. They make your mouth get all wrinkly. And vinegar is a very weak acid!




2. Now dip the other spoon in the baking soda and taste. How does it make your mouth feel? Bases taste bitter. Now wet your finger and dip it in the baking soda. Rub your thumb over it. How does it feel? Bases are known to feel slippery. Wash off your fingers and repeat the finger test with the vinegar. Does it feel as slippery?




3.Pour ¼ cup of your baking soda into the small cup or glass, which you have placed inside the larger bowl to contain any overflow. Then pour ¼ cup of vinegar in. If you want to add food coloring, you can add it to either chemical first. What happens when you mix them?




[image: Images]


4.What would happen if you added more vinegar now? Make a hypothesis and test it. Here’s an example (notice the if, then words): “If I add ½ cup more vinegar, then I think it will explode over the bowl.” Experiment with different proportions of your reactants (ree-ack-tints) (i.e., the vinegar and baking soda) to see which makes the most foam.




WHAT JUST HAPPENED?


A chemical reaction, that’s what! In a chemical reaction, the original molecules swap some of their atoms to make something new and different. The vinegar and baking soda actually exchanged atoms and became three totally new chemicals: sodium acetate, carbon dioxide (CO2), and a little something we like to call water. (You know that molecule pretty well, you brilliant chemist, you!) The water is, well, real water: H2O. The carbon dioxide gas is what created all that foam. It’s also the same gas you exhale every day. And the sodium acetate? It’s actually a kind of salt—a “sodium salt of acetic acid,” to be extra geeky about it. It’s a super-amazing chemical with lots of uses, such as:


• A food additive to make things taste better. Check the ingredient list on different brands of salt-and-vinegar chips. (It may be called sodium diacetate.)


• Creating heat packs for winter sports. When you press on a heat pack, the sodium acetate inside turns into a crystal and releases a ton of heat. Ahh, that feels good.


• An environmentally friendly way to protect concrete against water damage. It seals the concrete so water can’t get in and is much safer than the epoxy glue that is often used. So you might just be stepping on it as you skip down the street!







ELEMENT-ARY SCHOOL


Everything in the universe, including acids and bases, is made up of the same basic building blocks: atoms. Just like a wicked-hard, zillion-piece Lego set, atoms snap together to form things called elements and molecules. Here’s a quickie chemistry lesson in case you haven’t heard of these little guys or need a mini review before trying some of the experiments that follow.
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There’s nothing quite like a bubbling chemical reaction to bring out your inner mad scientist!







Atoms—Pretend you are a swashbuckling pirate and you have a chunk of gold (Arrgh!). You also have a mysterious sword that can slice through metal as if it were room-temperature butter. Now cut that chunk of gold in half. Then cut that half in half. Keep cutting, over and over and over, until you cannot possibly cut one more time. You would need a microscopic knife to actually cut that last bit of gold in half! What you’re left with is an atom—a little piece of matter that can’t be made into a smaller piece without losing its chemical identity. Any smaller and it simply wouldn’t be gold anymore! Atoms are the building blocks of everything we know.
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The “WRONG” old days. Scientists used to think that atoms looked like this. For more info check out ZAPS!







Elements—You now have a gold atom, but it’s so small that it’s invisible to the human eye. Not much use if you want to fill up a treasure chest, matey! How do you make a gold coin? You need more atoms of that same element, gold! An element has just one kind of atom in it. It’s a pure substance. A solid gold coin is made of zillions of gold atoms that are stuck together. But there are no other kinds of atoms in it. It’s just gold. Some other common elements are hydrogen, oxygen, sodium, copper, aluminum, neon, carbon, and silver.


Molecules—Two or more atoms that have decided to hang out together. Pretend your name is Oxygen. Now pretend you have an identical twin. When you sit next to each other, the two of you would be the molecule O2. (The “O” stands for oxygen. The tiny number 2 means that there are two oxygen atoms in this molecule.) You know that weird smell just before a thunderstorm? It’s ozone, a gas made from a few bazillion oxygen triplets all hangin’ out together—nickname: O3. Not all molecules are identical twins or triplets like O2 and O3. Take best buddies H (hydrogen) and O (oxygen). Bring two hydrogen atoms and one oxygen together and they form H2O, something you wash with and drink every day: water. CO2 is carbon dioxide gas—one of the gases you breathe out thousands of times a day. It’s made of one carbon atom and two oxygen atoms.


Chemical Formulas—There are millions of other molecule buddies. Baking soda is NaHCO3. (It kind of looks like the word nacho, but it isn’t nearly as tasty.) These combos of letters and little numbers are called chemical formulas and they can tell us a lot about what’s in the molecule. In the case of NaHCO3, we know from the little numbers that it must have one atom of sodium (Na), one atom of hydrogen (H), one atom of carbon (C), and three atoms of oxygen (O). (Why Na instead of S for sodium? Well, the letter S was already taken by sulfur, so they used sodium’s Latin name: natrium.)








ICK-SPERIMENT
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ROCKIN’ ROCKETS







Why not put the reaction between an acid and a base to good use? That release of gas can launch a little “rocket”! Of course, every rocket needs fuel. You’ll use antacid tablets, which grown-ups sometimes take to calm upset tummies. Each tablet is made of citric acid and baking soda (a base)—both just hanging around waiting for the addition of some water to get the party started. When you add water, the acid and base react and release carbon dioxide gas. Now comes the fun. If that gas is released inside a small container, pressure will build up and you can harness that power to launch a rocket skyward.


Let’s start by investigating how changing the amounts of “fuel” (the antacid tablets) will affect how far your mini rocket will go. Will a bigger reaction bring more movement or make a mess? What do you think?






GO FETCH




Safety glasses. Don’t argue! These are a must!


An adult to help with the launch


Long, flat area of floor or an outside area that can get wet


Masking tape


A meter stick or yardstick


Several film canisters with lids that snap closed on the inside*


About 10 effervescing (fizzing) antacid tablets


Knife to cut the tablets


Water


Tablespoon


Measuring tape or ruler


Paper towels for cleanup


Your notebook
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* Lids that go around the outer edge will leak. You can order them online by searching for “rocket film canisters.” You also may be able to get the canisters for free at a local photo-developing location, a camera store, or a drugstore that does film developing.










1. Set up your runway so that it is 5–6 yards long and 1 yard wide. Tape down your yardstick so that the wide edge faces forward. Your film canister lids will rest against it. You can also just use a nearby wall as the starting point as long as it is completely flat (no curvy baseboard trim). These rockets will travel along the floor or ground so that you can measure how far they go.
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2. Fill each of your film canisters with 1 tablespoon of water (about ⅓ full).




3. Break or cut several of the antacid tablets into quarters and several into halves. Keep one or two whole tablets.




4. Practice pretending to put a piece of tablet in the canister, quickly closing the lid without spilling, and lining the rocket up against your yardstick or wall. Be sure the lid rests against the stick or wall, with the rest of the canister facing forward. After a few practice runs, you are ready to go. IMPORTANT: Once you put a tablet in the canister, hands off! Wait patiently. Also, be sure that you and your flight crew stand behind the yardstick or off to the side, not in the path of any rockets.
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5. Begin with the ¼ piece of tablet. Pop it in a canister. Close the lid. Rest the lid end against the yardstick, or wall, on the runway. Step back.




6.Count down: 10, 9, 8 . . . Blast off! Of course your rocket may launch before your countdown ends, or it may take several countdowns. Rocket scientists are a patient group.






REMEMBER:


DON’T OPEN A LOADED ROCKET AND DON’T LET ANYONE GET IN THE PATH OF THE ROCKET.







7. Enjoy the launch.
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8. Measure how far the rocket went. Record it in your notebook along with the size of the tablet used.




9. Wipe off the runway, then try the experiment again with a different size tablet. Does tablet size affect how far the rocket goes?




NOTE: If the rocket doesn’t move after 3 minutes, have your adult helper carefully cover it with their hand and release the lid facing the floor onto some paper towels.


Now, try this:


• Vary the amount of water, but keep the tablet size the same.


• Measure the amount of time it takes each rocket to pop. You can make a chart comparing the amount of fuel and how long it takes to move. What’s your prediction?


• Add a weight of some kind to the canister, such as a small pebble.


• Vary the temperature of the water. Does hot water make it go any farther than cold?




WHAT JUST HAPPENED?


When you dropped your fizzy tablet in water, a chemical reaction occurred. An acid and a base reacted, releasing tiny bubbles full of carbon dioxide. As the reaction continued, more and more carbon dioxide built up in the film canister and began to push against all the sides, a bit like blowing a balloon up with air. But since the film canister can’t stretch, the only way the pressure could be released is . . . KA-BLOO-EY! The lid popped off and the gas escaped as fast as it could. This pushed the lid of the film canister against the yardstick and sent the canister skimming away across the floor.


A very brilliant scientist named Sir Isaac Newton noticed that this happens all the time in nature, so he made it one of his three laws of motion. He said, “For every action, there is an equal and opposite reaction.” In this case, this means that the gas pushes one way (toward the ruler or wall) and the rocket is pushed the other way with an equal and opposite amount of force, causing the rocket to fly across the floor. It’s the same science behind a real rocket launch. Rockets burn fuel in engines at their base. The burning fuel pushes down toward the ground, which thrusts the rest of the rocket up in the opposite direction. Blast off!







LET’S GET READY TO RUMBLE


What usually happens when someone mixes players from Team Acid with players from Team Base? Generally, three things. For starters, things get a little warm because heat is produced. Meanwhile, acids and bases spew out water molecules when they collide. Finally, parts of the atoms and bases join together to make salts. But don’t sprinkle these salts on your fries! Most of them are too acidic or basic, so they taste disgusting and can even be dangerous!


Want to dazzle your neighbor who’s always bragging about how smart her grandkid is? Spout out the fact that when acids and bases combine it’s called neutralization (new-tra-li-za-shun). Neutralization is like the Super Bowl of chemistry. Sometimes it’s a blowout with the stronger acid or base doing endless happy dances in the end zone, a chemical touchdown! Other times, if you have just the right amounts, a very strong acid and a very strong base can cancel each other out and end up as a wimpy neutral mix of salty water. Think of it as a football game for chemicals, minus the 350-pound guys in tight shiny pants, that has ended in a tie.








ICK-TIVITY
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DO WE HAVE LIFTOFF?





Did you complete your Rockin’ Rockets mission? Good. Your next challenge? Get your rocket to shoot for the moon—or the ceiling at least. This time you’ll have passengers—or a “payload.” You will need to design some extra parts to help make your rocket go far and fly in a stable manner. If you have several canisters, you can design each one slightly differently (keep notes!) and see which one flies the highest or the straightest.






GO FETCH




Your film canister(s) and lid from Rockin’ Rockets


Effervescing (fizzing) antacid tablets


Paper (any color you like)


Scissors


Round objects, like lids for tracing circles


Pencil or pen


Tape


One small candy, pebble, or tiny toy (about the size of an M&M) for the “payload”


Plate as a launchpad
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Now wouldn’t THIS be fun?







1. Have a look at some photos or videos of real rockets. What parts do they all have? At the very least, you will need to build a nose cone and some stabilizing fins. You can also add fun decorations. As you decorate, DO NOT tape the lid shut, and don’t tape anything that will get in the way of the lid closing.


2. The nose cone will slice through the air. To make one, draw a circle. It’s easy to trace some round containers in your house. You’ll want to experiment with different size circles.
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Then use your scissors to make two cuts to the center of the circle so that you cut out a ¼ wedge (like a slice of pie).
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You can then place one edge over the other edge and pull it around to make a cone. The bigger the circle, the taller the cone.
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3. Pop your payload in the cone before you tape it to the end of the film canister without the lid.


4. You can cut a rectangular strip of paper to wrap around the body of the rocket. Just be careful not to tape the lid closed by accident.


5. Make some stabilizing fins. These are usually triangles. You can cut out a rectangle, and then cut that in half along the diagonal. Bend the side a bit and tape them to your rocket. See if your rocket flies better with two versus three or four fins. Do longer or shorter or fatter or thinner fins make a difference? Build several different rocket designs and test each.
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6. Set up a launchpad, with a plate on the floor in the middle of a room or outside. Practice pretending to load the fuel, quickly closing the lid, and then placing it lid-side down on a plate. The nose cone should face up to the ceiling or sky.
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7. Be sure everyone present is either wearing safety glasses or standing well back. Now load your fuel for real. Begin with small amounts of “fuel”—about a tablespoon of water (so the canister is about ⅓ full). When you’re ready for launch, add ¼ antacid tablet. Close the lid, flip the rocket so that the lid is down on the plate and the nose cone is facing the ceiling, and step back. IMPORTANT: Once you put a tablet in the canister, do not lean down to open it or get in the way. Have patience!


8. Test each rocket that you built, and experiment with different amounts of fuel (½ antacid tablet or a whole one).


WHAT JUST HAPPENED?


Did your payload reach the ceiling? How much fuel was required to get there? What was the best rocket design? All rockets have these basic parts: nose cone, body, fins, and some kind of fuel or way of propelling it up. Hopefully you found that an aerodynamic shape for your nose cone helped it avoid getting slowed down by the air. What nose cone size was best for your rocket? You probably found that adding a little more weight in the nose cone made its flight a little more stable. This is because it moved the rocket’s center of gravity to the front. How many fins worked best? What shape or size of fins was ideal? Well-placed fins help the rocket fly straight and be stable. You might have found that your rocket was more stable if your fins were closer to the lid and were fairly large. Can you arrange the fins so that your rocket spins in the air as it flies? Even though these are tiny rockets, the same basic ideas apply to real rockets. To learn more, explore NASA’s great website: nasa.gov.











GIVE ME A P! GIVE ME AN H!


What the heck does little p, big H stand for in "pH"? The H stands for hydrogen. It’s the simplest, but also the most important, element on the planet—and in the universe! About 90 percent of the visible universe is made of hydrogen gas. Hydrogen is a busy little element. It’s involved in all sorts of chemical reactions. You already know about our awesome buddy H2O (water). Each itty-bitty drop is made of two hydrogen atoms hanging out with one oxygen atom. And you may remember from Geek Speak, acids release hydrogen when mixed with water. So, to recap: H = hydrogen. Got it?


What about the little p? Nobody knows for sure, but it’s commonly thought that the p stands for the word power. The Power of Hydrogen!










SEESAW SCIENCE


You probably spent some time on a seesaw when you were younger. Every once in a while the seesaw would be perfectly balanced, with both ends equally off the ground. You could say that acids and bases are on one big seesaw too, but instead of a piece of playground equipment, chemists made up something called the pH scale. And just like the playground, it’s tons of pHun! (Aren’t chemistry jokes great?)


The pH scale is the way scientists divide the world up into acids and bases using numbers. The pH scale starts at 0 and goes to 14. Anything with a number from 0 to just under 7 is an acid. Anything more than 7 up to 14 is a base. Pure water is right smack-dab in the middle at 7. Your blood is just a scooch over—around 7.4 on the scale. Different chemicals in your body have different pH numbers—for example, stomach acid has a much lower number (more acidic pH) than your saliva.


[image: Images]








ICK-SPERIMENT
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PHINDERS KEEPERS









GO FETCH




An adult (remember the grown-up rule; boiling water is involved here)


Red cabbage


Cutting board and knife


A cooking pot


Water


Strainer


Bowl


Spoons


White bowls, glasses, or paper cups


Edible liquids, like vinegar, lemon juice, apple juice, and soda, and mild household cleaners, like dish soap, toilet cleaner, shampoo, window cleaner, and hand sanitizer














NOTE:


DO NOT test any cleaning agents stronger than these! And be sure to check with your friendly adult before you take any cleaning supplies—they might need that window cleaner! Definitely do not touch bleach or ammonia, and NEVER mix them. That can release a really toxic gas.










Lick a lemon! SOUR!!! That’s one way to tell if something is an acid. Remember, acids tend to taste sour and bases taste bitter. But, since many acids and bases are truly ICK-tasting or even poisonous, there’s a tongue-free way to find out if something is an acid or base. A pH indicator measures the pH of a liquid and changes color depending on whether it is an acid or a base. You can buy fancy pH paper (also called litmus paper), but you can also save money and rustle up a pot of pH-testing potion in your own home. Then use it to test your hypothesis about which liquids in your house are acids and which are bases! Here’s how:


1. Before you start, develop some hypotheses about the liquids you’ve gathered. Which ones do you think will be acids, and which will be bases? Why?


2. Ask your friendly adult to help chop up about 2 cups of red cabbage leaves. The pieces should be small but not so tiny that they can slip through your strainer.


3. Put the cabbage pieces into the pot and add just enough water to cover the cabbage. Bring the pot to a boil and let simmer for about 20 minutes or until the water is dark purple.


4. Remove the pot from the heat and let it cool.


5. Strain the cooked cabbage juice into a bowl. It’s the purple juice that you’re after: When it comes to testing pH, this stuff is more valuable than liquid gold. Why? Because red cabbage juice changes color when exposed to acids or bases. (The leftover cabbage pieces are perfectly edible. Eat enough and you can do some cool fart experiments!)
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6. It’s pH test time. Pour two spoonfuls of a household liquid into a white bowl, glass, or paper cup.


7. Mix in one spoonful of your cabbage juice indicator. There’s a good chance that it will turn color. The color suggests the pH of your test liquid (though it’s not going to be quite as accurate as the pH strips that you can buy).


8. Repeat Step 5 with other liquids you can find using the other white bowls, glasses, or paper cups. Try to assemble an array of different colors to make your own pH scale! Were your hypotheses correct?










	ACIDS


	BASES







	pH 1–2—dark red


	pH 8—blue/green







	pH 3–4—purple


	pH 9–10— green/yellow







	pH 5–7—blue


	pH 11–12—yellow













WHAT JUST HAPPENED?


The reason that many plants and flowers are red, purple, or blue is because they contain colorful chemicals called anthocyanins (an-tho-si-ah-ninz)—the word means “blue flower.” Apples, cranberries, blueberries, strawberries, and definitely red cabbage are full of these pigments. When you cooked the cabbage, anthocyanins leached out of the leaves and into the water. Anthocyanins normally look purple but they change when they get near hydrogen. Acids have lots of extra hydrogen floating around. So when you mix an anthocyanin with an acid it turns pinkish. Think of anthocyanin as being embarrassed by acids. It blushes! Anthocyanin reacts differently around bases, turning blue, yellow, or green with envy (ha-ha), depending on how strong the base is.







So there you have it!
You are now a pH pHenom! pHabulous!
Now it’s time to leap from the letter A to B and brave the wild, weird worlds of BACTERIA, BLOOD, BOOGERS, and BURPS. Trust us! It’ll be a BLAST.





Bacteria
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At this very second there are trillions of microscopic critters crawling around all over your body. They’re even INSIDE you! They are hanging out on your tongue, nesting in your nose, and frolicking in your intestines. In fact, you have 10 times more bacterial cells in and on your body than actual human cells!




BACTERIA THE BEAUTIFUL!


Bacteria are microorganisms. Micro means “teeny-tiny.” Seriously, these guys are so small that even though the bacteria cells in your body vastly outnumber your human cells, only about 2 percent of your weight is actually bacteria. In a grown-up, all of them together weigh about 3 pounds—about the same as the human brain.
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In addition to boatloads of bacteria, your skin can harbor viruses and microscopic mites.




Remember: Wash your filthy paws!





Not only are your cells loaded with bacteria, these clever critters are in the air around you and on the ground you walk on. Our entire planet is surrounded by a “blanket” of bacteria—they even live six miles high in the Earth’s upper atmosphere, where the temperatures are a staggering 60°F below zero!


Though many people are freaked out by bacteria, the truth is that although some bacteria are harmful, the survival of every single creature on our planet depends on these teeny, sometimes terrible, but mostly terrific microorganisms. They perform all sorts of functions, both inside our bodies and in nature. So let’s get the scoop on how bacteria can help and occasionally harm.








ICK-TIVITY
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BACTERIA HOTELS







Bacteria are too tiny to see, unless you have millions of them hanging out in one place. In order to study the Dirty Dozen that are already living rent-free in your home, you need a cozy place to grow lots of them. You can order petri dishes already filled with agar (a gel that’s hospitable to many bacteria) online.


Or you can make your own “bacteria hotels” at home. They may not grow all the types of bacteria that are hanging around your house, but you should get to see quite a few. If you opt for making your own, read on!






GO FETCH




An adult to handle hot liquids


2 cups of clear beef or chicken broth (canned or cubes)


Cooking pot


2 tablespoons agar (can be found in some supermarkets or online)


Spoon


12 foil baking cups


12-cup muffin tray


Plastic wrap or aluminum foil


12 plastic ziplock bags










1. Put the 2 cups of clear broth in the cooking pot.


2. Measure 2 tablespoons of agar and dump into the cooking pot.


3. With your friendly adult’s help, turn your stove on to low heat.


4. Stir and gradually raise the heat every few minutes until the liquid boils. Stir the WHOLE time because the agar can easily burn. You will know when the liquid boils because little bubbles will form around the edge of the pot.


5. Every so often, lift your spoon out and look for any of the agar flakes. If you still see some agar on your spoon, keep stirring. When you don’t see any more, remove the pot from the heat and let it cool.


6. Place the foil baking cups into the tray. If they come with little inner paper liners, take those out and save them for making zit cupcakes.


7. After the agar mixture has cooled a little, ask your grown-up helper to pour it into the cups so each is about ⅓ to ½ full.
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8. Using a spoon, scoop out and throw away any odd-looking bubbles or blobs that may have formed on the top.


9. Let the mixture in the muffin tray cool even more, and then cover with plastic wrap or aluminum foil.


10. Put the tray in the refrigerator until the mixture cools into a solid (about an hour).


11. When they are solid, take the bacteria hotels out of the tray and put each one into its own personal ziplock bag. Be careful not touch the hotels’ gelatin with your fingers.


12. Seal the bags and store in the refrigerator until you are ready for “Check-in Time” (see next page). You will want to use them within three days.
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WHAT JUST HAPPENED


You have created a cozy home for bacteria, which tend to grow really quickly if given enough food (bouillon) and a semisolid environment (agar) to grow on. The part of agar that turns into a gel comes from the cell walls of red algae, and, for all you chemists out there, it is actually a polymer made of a kind of sugar. (Dying to play with polymers? Make some “Slimy Snot."


Because you have created a fairly sterile hotel by locking it in a bag, the bacteria you are about to add likely won’t have to compete with other microbes (super-tiny critters) that might float by in the air. They can relax and enjoy the whole place to themselves.











ICK-SPERIMENT
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CHECK-IN TIME AT THE BACTERIA HOTEL





Now that you’ve prepared your bacteria hotels (and put tiny mints on the pillows . . . just kidding), you’ll need to get some customers. Bacteria aren’t going to ring the door to your refrigerator and ask to rent a room—you’ll have to go find them! First make a hypothesis about which place in your house will grow the most organisms. Then test it! These same bacteria hotels can be used for the halitosis ick-speriment, so you might want to read that now and do both at once.






GO FETCH




Bacteria hotels


12 cotton swabs


Permanent marker










1. Take your bacteria hotels out of the refrigerator one hour before you go to round up “guests.”


2. Decide where you will swab for bacteria—toilet seat, computer keyboard, toothbrush, kitchen sponge, etc. (See the Dirty Dozen list on the next page for inspiration.)


3. Slightly dampen one end of a cotton swab under the faucet and rub that moist end on the place you think might have bacteria.


4. Unzip a bag, rub the swab on the gelatin in a zigzag pattern, throw the swab in the trash, and then zip the bag tightly shut.
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5. Write where the sample came from on the bag in marker and then promise to never open up the bag again: You might be growing some dangerous bacteria—called pathogens (path-oh-jinz)! SERIOUSLY. Now say it out loud, “I will not open this bag again. I promise!” Pinky swear!




6. Repeat steps 2 to 4 with the other items on your Dirty Dozen list, or have fun coming up with your own places.


7. Store your bacteria hotels in a warm, dark place in your home, out of reach of your curious younger brother or sister, your dog or cat, or pet boa constrictor.


8. In a few days, your quiet bacteria bed-and-breakfasts should transform into bustling megahotels full of colonies of multiplying microorganisms. Take photos or draw pictures of your visitors, but remember your sacred vow: NEVER, EVER OPEN THE BAGS!


9. When you are finished, put the bacteria hotels and baggies in the trash can.


10. Be extra-helpful next time your grown-ups ask you to clean up around the house, because now you know what lives there!




WHAT JUST HAPPENED?


You probably grew some interesting critters in your hotels. Bacteria tend to be white, clear, or yellow. If something is darker, multicolored, and fuzzier, it’s probably some type of mold or fungus. (See FUNGI for more on those guys!) But no matter what you have growing, odds are it looks completely revolting—and totally cool, of course! Now, don’t look at one of the little blobs growing in your hotel and think that it is just one bacterium. It’s actually several thousand of them! You can’t see a single individual bacterium without a microscope.


Just because you grew some microorganisms doesn’t mean that you grew ALL the kinds that were actually lurking on your cotton swabs. Bacteria are everywhere but, just like people, bacteria are picky-picky-picky. Some like sweet foods. Some like chilly temperatures. So you’ll find different types on different surfaces. Your germ hotels are a particular environment, with a particular type of food. So even though a bacterial species was living happily in your kitchen sponge, it might not have been able to grow and reproduce in your hotel because it did not provide their preferred food or temperature.
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Which has more germs—your smartphone or your toilet seat? The answer might surprise you!
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You can’t see bacteria until there are thousands in one place—but they’re there!








THE DIRTY DOZEN


What spot in your home do you think is crawling with the most bacteria? Here’s a list (in no particular order) of favorite bacteria vacation spots that might surprise you:


1. Carpet. A whopping 4,000 times dirtier than the average toilet seat.


2. Computer keyboard. Yep, every time you type, your fingers pick up or deposit a new load of beasties.


3. Kitchen sink. Germier than your bathroom sink, by far.


4. Kitchen sponge. A real stinker! 200,000 times dirtier than your potty!


5. Cell phone screens. Covered in bacteria—way more than your toilet seat!


6. TV remotes. The hand that controls the channels also carries bacteria.


7. Kitchen cutting boards. Safer to chop up veggies on a toilet seat unless you wash that cutting board really, really well!


8. Doorknob. A mingling place for everyone’s germs.


9. Toilet seat. Yep, more bacteria where you sit than where your poop plops. (But this doesn’t mean it’s safe to drink from the toilet bowl like a dog. Any bacteria floating in the bowl are likely to be harmful—after all, there’s a reason your body wanted to get rid of them!)


10. Your mouth. Stinky breath? Blame bacteria.


11. Your unwashed hands. See why grown-ups nag you about washing with soap?


12. Your washed hands. Turns out it’s really hard to scrub away those pesky bacteria!











GET TO WORK, BACTERIA!


Some bacteria make us sick, but most bacteria are awesome. Only about 1 percent of the bacteria on Earth cause diseases, while 99 percent are super helpful. For example, at this very moment you have about 100 trillion intestinal microflora (tiny creatures) living inside your guts. Without these little guys, you would barely be able to digest your food. All those diligent gut bacteria help us get the nutrients and energy from our food. Considering that the average American eats almost 2,000 pounds of food a year, the bacteria in our bellies are a dedicated bunch. Breaking down and decomposing a cheeseburger with fries and a small bag of gummy worms is hard work. Scientists are also discovering that bacteria help our immune system. So, though some bacteria make you sick, lots of others are actually fighting to keep you healthy! After all, YOU are their home!


YO, YOGURT!


Eating yogurt helps to boost the supply of good bacteria in your gut. If you see a “Live and Active Cultures” (LAC) seal, there are at least 100 million bacteria in every gram of yogurt. The more bacteria the better! Here are a few more yogurty facts for your enjoyment.


Exactly what kind of bacteria are lurking in your yogurt? Lactobacillus bulgaricus and Streptococcus thermophilus are two kinds. There might also be Lactobacillus acidophilus or bifidus hanging around. Store-bought yogurt labels might tell you which bacteria are inside.


You don’t need a cow to make yogurt. You can also make it from the milk of water buffalo, goats, ewes, mares, camels, and yaks. Or you can use coconut, almond, or soy milk.


The yellow liquid that often appears when your yogurt sits around is called whey. It is mostly lactic acid, lactose sugar, and water. When people make Greek yogurt, they put the yogurt in a cloth and let the whey drain out. Cows and pigs like to eat whey, and some people like to drink it. Give it a try! It can even be used as an ingredient in an environmentally friendly coating to make wood floors hard and shiny. Wow, food AND a nice floor all from the work of bacteria on milk!


What’s the scoop on frozen yogurt? Bacteria simply go dormant while frozen. When you eat the frozen yogurt, it warms up in your body, and the bacteria basically “wake up” and become active. But be aware: Frozen yogurt, yogurt-covered pretzels, and even some commerical yogurts may not have many or any good bacteria in them. Look for the words live and active cultures.








ICK-SPERIMENT
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BACTERIA BREW





Try this nifty little experiment to investigate what good bacteria do when they get up close and personal with milk. You don’t get to eat the results, but it will show you the action of antibiotics, which kill bacteria. (A shout-out to Dr. Todd Rider at MIT for sharing this ick-speriment.)






GO FETCH




2 or 3 clean jars. We used empty spice jars. Empty baby food jars or small clear juice glasses will work too.


Ultra-pasteurized milk. It often comes in individual drink boxes in the powdered or canned milk section of your supermarket.


Yogurt with live, active cultures


Triple antibiotic ointment and several other brands or kinds if you wish, such as single antibiotic ointment or natural antiseptic ointments like tea tree oil.


2 or 3 spoons or measuring spoons


Foil or lids for your jars










1. Be sure your little jars or glasses are clean (wash them in the dishwasher if you can on high heat). Decide if you want to test just one antibiotic or test a few. Each jar will get its own antibiotic. Label the jars: Just Yogurt, Antibiotic A, Antibiotic B, etc.


2. Grab your ultra-pasteurized milk. What does “ultra-pasteurized” mean? It means that before you picked it up from the store, the milk was heated so much that all the bacteria inside were killed, and therefore it doesn’t even need to be refrigerated. If you have a single-serving box, pop in the straw and squeeze the container so that the milk squirts out into each of your jars. Fill them halfway.


3. Scoop a booger-size blob of yogurt into each jar. If you’re the measuring type, that’s about ⅛ of a teaspoon.
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4. Using a fresh spoon, measure out a similar-size blob of your triple antibiotic ointment. Pop it in the jar labeled “Antibiotic A.”


5. If you are going to test another antibiotic, do the same as above, but use a fresh spoon and pop it into “Antibiotic B.”


6. Put the lid on or cover your jars with foil. Shake everything up a little, being careful not to spill.


You can now either:


a. Put the jars in the warmest room in your house and wait 2 to 3 days.


or


b. You can turn the oven on to 200°F, and then turn it off when it has reached that temp. Pop your experiment in there overnight and look in the morning.
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Either way, when the time has passed, pick up your jars and tilt them to the side. What has happened? Why is there a difference?


DO NOT eat the yogurt you made in this experiment. You sure as heck do not want to eat milk with antibiotics for your skin in it. Gross! But you can find lots of great recipes for making your own yogurt online!




WHAT JUST HAPPENED?


We hope that you noticed that the “no antibiotic” jar became thick and goopy. That’s because when you added a blob of yogurt, you added some nice, juicy bacteria to the milk. Those bacteria were living in your store-bought yogurt and found a cozy home in your jar in which to replicate (make more of themselves). Then they got busy making lots of lactic acid. That caused the milk to get thick and creamy and, well . . . yogurty. Ta-da! New yogurt! The antibiotics you added to the other jar (or jars) killed the yogurt bacteria so no lactic acid was made and therefore the milk stayed . . . well . . . milky.
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Notice how in our results the stuff in the container on the bottom stayed flat, while the top two still-milky ones flowed to the side. That’s because the no-antibiotic one was solid yogurt and didn’t flow! No need to sob for those friendly yogurt bacteria! Bacteria are not an endangered species!







So there you have it.
Hope you have a new fondness for all those beautiful bacteria in your body! And speaking of bodies—where would you be without BLOOD? Six feet under! So read on and embrace your inner vampire!





Blood


Calling all vampires. Time to crawl out of that creaky coffin. Don’t forget to brush and floss your fangs and grab your cape. You’re about to play with your favorite beverage—blood.
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THE LONGEST RIVERS IN THE WORLD


There is a network of rivers in your body—rivers of blood vessels. If you could somehow stretch all these arteries and veins out into one long line, it would be somewhere in the vicinity of 60,000 miles long. Your blood vessels would circle the world 2½ times! They are three times longer than the combined length of the world’s five longest actual rivers. All that packed neatly inside your body.


Just like a busy river, there are “boats” floating along your body’s rivers of blood. Red blood cells are the supertankers: They carry oxygen and carbon dioxide. White blood cells are a bit like the Coast Guard or Navy: They’re there to protect you from pirates (well, in our case, germs). Then there’s plasma—a thick, yellowish fluid. Think of plasma as a fleet of garbage-hauling tugboats. Plasma carts away waste, such as broken-down nutrients, carbon dioxide, and worn-out cells, to keep your river clean. There are also some platelets floating along like life preservers in your arteries and veins. Should you happen to nick yourself, they will clump up and stop all your blood from escaping!

OEBPS/images/f0002-01.jpg





OEBPS/images/f0025-01.jpg





OEBPS/images/f0025-02.jpg





OEBPS/images/f0025-03.jpg





OEBPS/images/f0021-03.jpg





OEBPS/images/f0021-02.jpg





OEBPS/images/f0021-01.jpg





OEBPS/images/f0006-01.jpg





OEBPS/images/ebookad.jpg
“BETWEEN T mz
2 lovely

PlACE TO B .L

L L1
_?E_.;, E(i (€ 'i e

Fl]lll]W USON ..





OEBPS/images/f0012-01.jpg
T





OEBPS/images/twitter.png





OEBPS/images/f0016-01.jpg





OEBPS/images/f0009-01.jpg





OEBPS/images/insta.png





OEBPS/images/f0001-01.jpg





OEBPS/images/f0026-01.jpg





OEBPS/images/f0009-04.jpg





OEBPS/images/f0009-05.jpg





OEBPS/images/f0009-02.jpg





OEBPS/images/f0022-02.jpg





OEBPS/images/f0005-01.jpg





OEBPS/images/f0009-03.jpg





OEBPS/images/f0022-01.jpg





OEBPS/images/f0005-02.jpg





OEBPS/images/f0005-03.jpg





OEBPS/images/f0005-04.jpg





OEBPS/images/f0009-06.jpg





OEBPS/images/f0005-05.jpg





OEBPS/images/f0015-03.jpg
ke

@ === «r“’;gi:ﬁw

lid rocket






OEBPS/images/f0015-01.jpg
yardstick






OEBPS/images/9780761189121.jpg
uuuuuu

sssssss

SINKHOLE

ROULETTE





OEBPS/images/f0015-02.jpg





OEBPS/images/f0019-01.jpg





OEBPS/images/f0011-01.jpg





OEBPS/images/f0023-01.jpg





OEBPS/images/f0008-03.jpg





OEBPS/images/f0008-04.jpg





OEBPS/images/f0008-01.jpg





OEBPS/images/f0008-02.jpg





OEBPS/images/f0004-01.jpg





OEBPS/images/f0023-02.jpg





OEBPS/images/f0004-02.jpg





OEBPS/images/f0014-02.jpg





OEBPS/images/f0014-03.jpg





OEBPS/images/f0014-01.jpg





OEBPS/images/f0018-01.jpg





OEBPS/images/f0018-02.jpg





OEBPS/images/f0010-01.jpg





OEBPS/images/f0010-02.jpg





OEBPS/images/f0003-01.jpg





OEBPS/images/f0024-01.jpg





OEBPS/images/f0007-01.jpg





OEBPS/images/f0020-01.jpg





OEBPS/images/f0020-02.jpg





OEBPS/images/f0017-05.jpg





OEBPS/images/f0013-02.jpg





OEBPS/images/f0017-04.jpg





OEBPS/images/face.png





OEBPS/images/f0013-01.jpg





OEBPS/images/f0017-03.jpg





OEBPS/images/f0017-02.jpg
[N





OEBPS/images/f0017-01.jpg





OEBPS/images/pub.jpg





