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To the generation, not yet born, 
that creates a world where 
plastic pollution is unthinkable




A NOTE TO THE READER

The format of this book is somewhat unconventional, not unlike the format of my life thus far. We have spliced together several stories. One is the story of my evolution as a citizen-scientist who learns how to shape a message and finds himself living it. Another thread can be considered a “tell-all” about plastics, the shape-shifting, inescapable material that seemed like a fun new friend at first but over time has shown its troubling true colors. I only wish we had noticed them sooner. Do not expect strict chronological order. We’re dealing here with fragments, in space, place, and time, where boundaries between land and ocean are porous and barely seem to exist, and yet the dots do connect. This is also a love story, because I would not be doing any of what I do were it not for my deep and lifelong love of the ocean.

THE AUTHORS also wish briefly to illuminate the origin of their collaboration, which began on Hawaii’s Big Island, in September 2008. The captain had decamped to an upcountry family property following a speaking engagement in Honolulu. Less than two miles away, at an orchid farm, Cassandra had launched Phase II of a USDA-funded investigation of recycled plastics as orchid growth media. She’d noticed in preliminary growth trials that plastics were not, as claimed, inert. Some types stunted, some enhanced growth, and some outright killed (synthetic carpeting). The local library was hosting a Zero Waste meeting. Charlie and Cassandra both showed up—Charlie because he knew the Mainland consultants running it, Cassandra because she hoped to connect with recycled plastic sources. Charlie was curious about the growth trial and stopped by the nursery soon thereafter. Cassandra was reluctant to know more than she’d observed firsthand about the unsettling properties of plastics, but she and her husband, Bob, couldn’t help but listen raptly as Charlie described his work and findings. It was Bob who uttered the fateful words: “This could be a book.”




CHAPTER 1

A PLASTIC SOUP

THE OCEAN LOOKS like glossy blue cellophane, like a pond on a summer day. The sails are slack, and so are our hopes for a brisk trans-Pacific voyage. We’re becalmed in the mid-Pacific “high,” and it’s not what anyone signed up for. Not Howard Hall, an old family friend, retired prep school dean and math teacher, and veteran deepwater sailor. Not the newlyweds, Howard’s son John and his bride, Lisa, who are making this voyage their honeymoon. Not me, captain of ORV (Oceanographic Research Vessel) Alguita, a fifty-foot Tasmanian-built catamaran, new enough that we still have a few things to learn about each other.

Nothing is riper with adventure than mapping a voyage, stocking the ship, casting off, pointing the bow toward the open ocean, checking the wind, and scrambling to set the sails. But our overriding concern at this moment, eight days out of port, is getting from point A, Honolulu, to point B, Santa Barbara, before running out of fuel and bonhomie. We’ve deviated from the standard  route due to exceptional conditions. What later turns out to be the most massive El Niño event on record is radiating through the North Pacific. Within a few weeks it will cause torrential rain and flooding in Chile. A marlin will be caught off the coast of Washington, having fled overheated Mexican waters. The trade winds seem to be holding their breath, compelling us to fire up Alguita’s engines. It crosses my mind that The Rime of the Ancient Mariner starts at a wedding and winds up in the doldrums, like us, “As idle as a painted ship / Upon a painted ocean.”

I’m an old salt myself—technically, middle-aged—but this is my first crossing from Hawaii to California, though I’ve sailed twice from California to the islands. We’d embarked on the standard route, which is to haul well north of Hawaii, then catch westerly trades that sweep you straight across to the California coast. Now the brisk winds that sped our way to the 35th parallel have died down to a whisper. We’d hoped to make it to the 40th before turning right and heading for the West Coast. I check daily weather faxes from the National Oceanographic and Atmospheric Administration and spot evidence of westerlies slightly south of where they would normally be. So we take a gamble and head southeast, into an atmospheric phenomenon called the North Pacific High—also known as the doldrums, or the “horse latitudes,” where earlier mariners dumped livestock to lighten their ships and conserve drinking water. It’s a more direct route to our destination, but a “shortcut” that could turn out to be long. The wind does pick up . . . for a few hours, but soon we’re back on diesel power. Howard and I agree it’s highly unlikely this calm will persist much longer. But if it does, we have a problem. And the problem is that we also need fuel for the ship’s electrical generator, which runs our onboard desalinization unit and charges batteries for our communication equipment. We’re  well stocked with food, but our only source of freshwater is the de-sal system. On the slim chance we get into big trouble, we need the ability to radio for help . . .

I begin to notice that this smooth “painted ocean” seems to be—how best to put it?—littered. Here and there, odd bits and flakes speckle the ocean surface. I believe they are mostly made of plastic. It seems odd and improbable. I do not note a first sighting in the ship’s log, so I don’t know its exact day or hour. My best guess is August 8 or 9, 1997. Nor do I log sightings on successive days, or that I’ve made a game of it. Days at sea are taken up by responses to changing conditions, dealing with equipment failures, and observing seafaring protocols. This means hourly entries in the ship’s log at the helm, visits to the engine rooms, and random trips to the galley for food or a nap in your bunk if you’d pulled watch in the wee hours. My game is this: each time I come out on deck from the bridge, I make a bet with myself that this time I will not see another plastic scrap. But I always, always lose. No matter the time of day or how many times a day I look, it’s never more than a few minutes before I sight a plastic morsel bobbing by. A bottle here, a bottle cap there, scraps of plastic film, fragments of rope or fishing net, broken-down bits of former things.

This might have seemed “normal,” in a dismal way, if we’d been sailing near my home port south of Los Angeles. But we’re halfway between Hawaii and California, a thousand miles from land, a place less likely to be littered than the moon, you’d think. Every day for the next several days, as we motor across the eerily still waters of the mid-Pacific doldrums, they are always there: plastic shards, fluttering like lost moths in the surface waters of the deep, remote ocean. I’m bothered, but I’m also distracted by other matters.

Let it be said straight up that what we came upon was not a mountain of trash, an island of trash, a raft of trash, or a swirling vortex of trash—all media-concocted embellishments of the truth. It would come to be known as the Great Pacific Garbage Patch, a term that’s had great utility but, again, suggests something other than what’s out there. It was and is a thin plastic soup, a soup lightly seasoned with plastic flakes, bulked out here and there with “dumplings”: buoys, net clumps, floats, crates, and other “macro debris.” I was not a latter-day Columbus discovering a plastic continent. I was a seafarer who noticed—at first incredulously, then with greater certainty—that this immense section of the northeastern Pacific Ocean, about halfway between Hawaii and the West Coast, was strewn throughout with buoyant plastic scraps.

I now think of this crossing as both a culmination and a beginning. It turned out other people had seen what I saw, but I hadn’t a clue of this. Looking and seeing are two different things, just as thinking something’s wrong is a ways away from trying to make a wrong thing right. Who I happened to be in the summer of 1997 was a seafarer with well-developed sensitivities about the natural world. I could not have resisted where they were to take me.

The ocean is the largest habitat on earth, home to more than twice the number of species found on land, with more discovered all the time. The ocean is the planet’s womb. Life mysteriously began in the warm broth of a much younger ocean. There it evolved for three billion years before the first creature, spore, or seed found itself on dry land and survived. We’re drawn to the ocean. We pay premiums for houses near it, restore our spirits on its shores, and test our courage in its embrace. We coexist with the ocean, but can we really know it? It’s like the planet  next door, with creatures more alien than those we imagine coming to earth from outer space. The ocean’s finned denizens zip through vast tracts of liquid space while we plod around on hard surfaces, needing our inventions to get us where we want to go without straining or taking forever. Now there are so many of “us,” nearly seven billion, with all our stuff, lots of stuff, stuff that easily gets away from us. And as I look at these plastic bits bobbing around in the middle of the ocean, it seems the hinge between land and sea has swung a little too wide.

I love the vast ocean for its sameness superimposed on infinite variation. I’ve been in its thrall my entire life and consider myself a marine mammal. I grew up and still live in a house on the shore of Alamitos Bay, a residential harbor twenty-one miles south of Los Angeles, where waterfront homes are cheek by jowl but most have boat slips and a route to freedom. Summers and after school were filled with swimming, diving, surfing, waterskiing, rowing our dinghy, and sailing with my father in his forty-foot ketch, the Pink Lady. Yes, it was pink. A Newporter ketch, whose name and color were not changed when he bought it, a concession to the nautical superstition that it’s bad luck to change a ship’s name. We—my father, mother, and two younger sisters—sailed the Pink Lady to Hawaii in 1961, when I was in my early teens. This was a time when sodas came in returnable glass bottles topped by metal caps. Bic lighters had yet to replace Zippos, people brought purchases home in paper bags, and fishermen used nets made from hemp, manila, or cotton and set them in the ocean on hollow glass balls or wooden floats.

I would have recalled if we’d encountered man-made debris on this crossing because my father would have had a fit. He loved the ocean as much as any man ever did and had a refined sense of matter in its proper place. He worked at my mother’s father’s  company as an industrial chemist, but his natural curiosity took him far afield. For example, garbage dumps held a strange fascination for him. On family vacations, we could expect a side trip to the local dump. We’d all get out of the car and have a good look. I don’t recall exactly what he was investigating, but these idiosyncratic forays made their mark. In the 1950s my father began to notice floating trash as he rowed his dory around Alamitos Bay a few times a week. He went to the city and proposed that they contract with him to clean up the bay when he took the boat out. It didn’t come to pass. That officialdom dismissed my father’s offer of stewardship was formative. Authority has an agenda, but it’s not necessarily the right one. I was headed for a more do-it-yourself brand of environmentalism.

I came of age in the sixties and strongly felt the pull of the antiwar movement. I was enrolled at UC San Diego, close to a degree in chemistry and Spanish, when I bolted for Berkeley. We set up an urban commune and got a printing press. We handed out leaflets, thinking we’d usher in a new order that favored people over corporations, peace over war. We questioned assumptions, a habit I’ve never gotten out of. I decided I needed a trade and joined a cabinetmakers’ co-op in Santa Barbara, where I learned woodworking. I moved back to Long Beach and made cabinets for a while. Then I set up a furniture repair shop where we fixed all manner of broken things, including an antique grandfather clock belonging to Vin Scully, the venerable voice of the L.A. Dodgers, and a piano for Gregory Peck, aka Atticus Finch. I ran this shop for twenty-five years. During this time, I started the first commercial organic vegetable garden in Long Beach, got myself a twenty-six-foot sloop, the Kai Manu, and became commander of the Long Beach chapter of the United States Power Squadrons, a national organization that offers maritime education. I had a  settled, comfortable, vaguely countercultural life with my patient and loyal life partner, Samala Cannon, known as Sam.

But I couldn’t help but notice that the coastal community I grew up in was morphing into a place I didn’t much like. Imprinted as I was by the marine milieu, it pained me to watch runaway development take away wetlands and favorite surf breaks, pollute estuaries and bays, litter sandy beaches, and send plumes of contaminants into coastal waters. I’d grown up swimming in Alamitos Bay, but by the eighties there were times you wouldn’t want to, and you’d think twice about eating a fish caught off the pier. In the early nineties I inherited family money and decided to put it where my mouth had been for thirty years. I chartered the Algalita Marine Research Foundation in 1994, intending to do what I could to help restore coastal waters to their pristine state. At the same time, I founded Long Beach Organic, which turned vacant urban lots into organic community gardens. The name Algalita was an inadvertent neologism. Being fluent in Spanish but no scholar, I assumed the diminutive form of algae, alga, would be algalita, the way Lola becomes Lolita. Besides, I liked the way the word “rolled trippingly on the tongue,” as Shakespeare would have put it. I chose this name because the original intent of the foundation was to find a way to reforest California coastal waters with giant kelp, technically known as “macroalgae.” This vital coastal habitat was succumbing to pollution, overfishing, and stepped-up El Niño events that were overheating coastal waters. I’d gone through the arduous and costly process of becoming a legally constituted 501(c)(3) nonprofit, and I’d duly paid the California secretary of state to reserve the name Algalita. Once everything was in place, I was gently informed by a professor of macroalgae at the Autonomous University of Baja California in Ensenada that there’s no  such word as algalita. As it turned out, I’d have a second shot at getting it right.

My first taste of environmental activism was with groups lobbying for state laws to protect and restore important wetland habitats in both Californias: Alta and Baja. I’d been an early member of Pro Esteros, a binational group dedicated to preserving Baja California’s wetlands, and of the Surfrider Foundation, an unlikely organization formed by surfers whose initial cause—public access to and preservation of surfing beaches—evolved into highly effective international coastal eco-advocacy. I headed its local Blue Water Task Force, which had me recruiting environmentally minded citizens for training in coastal water quality monitoring. Litter and debris were concerns, but our focus at the time was on stealth contaminants: bacterial, nutrient, and chemical pollutants coming from the Los Angeles Basin’s watershed. We’d collect samples along shorelines and urban rivers, then submit them for analysis at state-certified labs. Later on, we’d process them in our own lab. My impression during this time, in the early nineties, was that the pollution problem was getting away from us. Mankind’s “urban runoff” seemed to be escalating beyond what we were able to assess, and going farther out to sea. Sailing offshore in my sloop the Kai Manu, I was starting to notice solid trash floating in the open ocean. Before, you’d see trash stranded in the wetlands and harbors, but not out there. I wanted to do some sample-taking in these waters, but the Kai Manu was not the ideal research vessel.

So I began exploring options. A proper oceanographic research ship would run in the many millions, and it wouldn’t afford the economies and pleasures of an agile sailing ship. It seemed to me the ideal craft to carry out the foundation’s work, and possibly earn its keep as a charter, would be a catamaran.

Catamarans had been around Alamitos Bay since the maker of my first surfboard, Hobie Alter, invented the Hobie Cat—a spiffy little sport catamaran—in 1969. I’d noticed how they seemed to fly across the water. The twin hulls confer peerless stability, and if you happened to run aground, your cat would sit upright, unlike a monohull vessel, which would pitch over calamitously on its side. (I was to learn how great a virtue this is.) I liked how cats can scoot along even in a light breeze, because they’re not weighed down by ballast. It’s a pleasing, fuel-saving efficiency, and a smart, ancient technology known well to the early South Pacific Polynesians who piloted giant catamarans the five thousand miles to Hawaii’s shores. I envisioned a boat that would carry me from California to the Hawaiian Islands, a voyage half this distance. Also, just being practical, I needed a vessel with shallow draft to monitor the bays and estuaries of Baja California. So a catamaran it would be: a vessel to test the waters, literally, and take the new foundation, Algalita, to the proverbial next level.

Thus the quest for Alguita began, for I’d already decided to name this ship the correct diminutive form of alga. And it wasn’t always smooth sailing.

First, I needed to find a model for Alguita. I pored over catalogs and zeroed in on the pioneering Australian catamaran designer Lock Crowther. His line included a vessel with almost every feature I sought. But only one of this particular design had been built, and it was owned by an Australian. In the spirit of due diligence, I contacted the owner, who graciously invited me to “test-drive” the Sunbird on a visit to Cairns, Australia. After our spin, I realized certain modifications would be needed to align this fifty-foot aluminum-hulled craft with my vision for a versatile, modern research vessel.

The next step was to find a boatbuilder. I put the project out for bid and picked the lowest, from the firm of Richardson Devine Marine Constructions in Hobart, Tasmania, recommended by the husband of an old Long Beach friend who’d married a “Tassie.” Contracts signed, I flew to Tasmania to confer with the team. I wanted to raise the cabin’s roof and enlarge its windows to alleviate the cave-like feeling of the main saloon. I also required reverse transom swim steps for easy diver access to the water and wanted the mast positioned closer to the bow. The mast position would allow for a larger mainsail, meaning greater speed and tacking ability, but it also had to be tabernacled (hinged), so I could drop it down and pass under the twelve-foot bridge at our home port of Alamitos Bay.

Alguita was christened with two bottles of champagne—one for each hull—nine months later, in November 1995. I stood back and admired her. She was a trim, well-purposed vessel. Each hull had three bunks and a “head.” The galley lay between, on deck level, and the dinette could be made up as a double bed. She had a small wet laboratory, and a wide bow and stern suitable for sample-taking maneuvers involving a small team. Her official name was Oceanographic Research Vessel Alguita. Welded onto her aluminum hull was her U.S. documentation number: 1037108.

As pleased as I was with Alguita, several early misadventures left me with the uneasy feeling that she might have been born under a bad sign. We put her right to work. The first job was to ferry a team of Tasmanian geologists to remote Black Pyramid Island, which happened to lie in a stretch of notoriously rough seas called the Roaring Forties—after the 40th parallel, where it lies. The geologists needed to reach nearly inaccessible cliffside sites to get the first geologic samples ever taken at this rocky twenty-five-acre islet. We dropped anchor as close to shore as  could be safely done and used the dinghy to ferry the research team to and from the inhospitable formation. Leaving Tasmania, we provided a floating platform for University of Sydney scientists studying a marine dead zone at the eastern Australian port of Newcastle, the regrettable result of years of poorly regulated coal loading. Then back to Sydney for a water quality sampling mission with the Aussie Surfrider Foundation along Australia’s eastern seaboard. We conducted our first survey of “anthropogenic debris”—marine trash—using a checklist developed for the project. Still, as far as we were concerned, the main event was monitoring for bacterial and nutrient contamination—especially the former, which had led to a rash of beach closings.

It was on this mission that Alguita had her first brush with disaster. We were staying over in the harbor at Gladstone, a little coastal town protected by a ring of treacherous reefs. We’d been safely guided out of the harbor by a Surfrider rep from a nearby coastal town. After a day’s visit, we dropped him off and headed back to Gladstone for another night’s mooring. It turned out we lacked adequate small-scale charts showing the lay of the reefs. In the dimming twilight, trying to find the shortcut we’d taken earlier, I drove Alguita hard aground on a semi-submerged formation called Seal Rocks. All but two of her ten watertight compartments were punctured. But, true to form, she was still upright! She floated off the rocks with the rising tide, but there was no way she’d make it to port without foundering. The all-volunteer Gladstone air/sea rescue team efficiently delivered a gasoline-powered pump for bailing water and provided an all-night tow back to Gladstone harbor. It was morning by the time the team parked her at high tide on a city beach, knowing she’d be high and dry for damage assessment when the tide ebbed. In sailor parlance, she was careened. The local Red Cross arrived with  sandwiches. We were deeply grateful for them all. Alguita spent nearly as much time in dry dock for repairs as it took to build her. But she emerged in better shape than ever, with a thicker aluminum hull and bulbous bows of polyurethane foam. Each bow had been equipped with polished agate “eyes” from Mount Hay Gemstone Park, gifts from the local lapidary club where I killed time in the evenings. She also sported new cabinets, improved electronics, rebuilt engines and dive compressor, and upgraded electrical wiring.

In the fall of 1996, a year after her champagne christening, Alguita set sail from Gladstone, this time on her “delivery voyage” to her permanent home in California. We’d chartered her for monitoring work en route, with stops in Fiji and American Samoa. We logged a sighting of a foamed polystyrene cup as we neared American Samoa, where we stayed a few days, helping to clean up a trash-choked stream and replant a mangrove forest.

Our next leg, which had us departing shortly before Thanksgiving, would take us to a layover in Hawaii. But Alguita had another surprise in store. As we approached the equator, a line of squalls appeared on the radar. We swiftly moved to reduce sail by “roller reefing” the jibsail, meaning we partially furled the large front sail called the Genoa jib. Large sails in big winds spell disaster. But the wind shifting in advance of the first squall caught the remaining scrap of open jib and set it to flapping violently. With a piercing crack, the top three-fourths of the aluminum mast snapped and crashed down to the port side of the boat, smashing the railing just inches away from Jeffrey Earle, one of my co-captains. He’d ducked down just in the nick of time. Though badly shaken, we managed to lash the broken mast and rigging to the port side of Alguita and motor back to Pago Pago, American Samoa’s capital. We contacted boatbuilders in Australia, but none  had a replacement mast. Plan B involved making arrangements for Alguita to be shipped home.

Pago Pago had become the center for tuna canning for the U.S. market, being closer to the catch and offering comparatively cheap labor and lax regulations. (Pumping cannery waste into the coral-studded harbor was routine.) We secured space on a small container ship, the Vai Mama, and had Alguita winched to her deck, all twenty-five tons of her. She sat on a bed of plywood and tractor tires, perched on containers filled with canned tuna fish. Her first trip home was not to be triumphal but oddly fitting for a type of boat nicknamed a “cat.”

Back in Long Beach, we found a rigger who designed, built, and installed a new aluminum mast twice as strong as the first. He redesigned and improved the rigging system as well. Once again Alguita proved her resilience, emerging from this latest mishap stronger than ever. I decided there’d be no better way to test her new mast than to race her, and it happened that an opportunity loomed before us: the Transpacific Yacht Race, a classic open ocean race known as the Transpac. The first race was run in 1906, when three yachts set out from San Pedro Lighthouse bound for Diamond Head, a distance of 2,225 nautical miles. Now an average of seventy boats race in six divisions. In 1997 a catamaran division was added. Only four cats were entered. One was an owner-built craft that capsized soon out of the gate. Another was the sixty-foot trimaran Lakota, then holder of the Transpac’s speed record. This super-sleek vessel was owned and captained by ill-fated businessman-adventurer Steve Fossett. The third was a formidable eighty-six-foot racing cat, Explorer, piloted by Bruno Peyron, a French yachtsman who’d already broken the world speed record for circumnavigating the globe in this very boat.

With her twin diesel engines and built-in research accoutrements, Alguita was no racehorse. We’d lightened her up for the race by removing the trawl winch cable, thereby trimming several hundred pounds, but she was still no match for these high-tech Seabiscuits. Her thirteen-day crossing put Alguita in the rear of the pack overall, but we earned a third-place trophy in our division of three, and bragging rights. Peyron, the Frenchman, shattered Fossett’s Transpac record with an incredible time of five days, nine hours—covering more than four hundred miles per day—shorter by several days than the fastest monohull. Alguita had a respectable top speed of 20.5 knots, running downwind in the aftermath of Hurricane Dolores. And unlike five other boats in the race, she held on to her mast. We were well pleased.

El Niños interest me greatly, and there were early signs the event of 1997 was going to be a doozy. El Niño is a cyclical warming trend in equatorial waters that tends to spawn hurricanes, among other disruptions—like no wind at all. With this in mind, we’d prepared carefully for the return voyage. On the Big Island, where I laid over to visit family, we managed to score four sheets of plywood from the mothballed set of the problem-plagued disaster film Waterworld, which was shot here over many months in 1995. The plywood would come in handy for boarding up Alguita’s windows in case of high winds and breaking seas. It turned out they would be handy for a very different use. Alguita is equipped with dual diesel engines and a good-sized fuel storage bladder. According to our original scheme, we’d be able to sail most of the way back on the standard northerly route, alternating engines if the winds slackened.

It’s somewhat fascinating to find yourself in the middle of the North Pacific High, an area typically avoided by seafarers. The  high is so called because it’s an area of high atmospheric pressure. The denser air here has a heating and drying effect, creating what could be called an oceanic desert. In fact, it lies between the same latitudes as the Northern Hemisphere’s great deserts in the Southwest, Mexico, and Asia—also high-pressure areas. Even fish tend to avoid the sluggish waters of this oceanic zone. Which is not to say they’re biologically bereft. Food chain anchors are here, including the very basis of the marine food web, phytoplankton—tiny marine plants that photosynthesize throughout the world’s oceans and generate half the earth’s oxygen supply. One step up are the tiny creatures collectively known as zooplankton. These include an exotic array of small gelatinous, filter-feeding organisms that go by names like salps, sipho-nophores, tunicates, and “jellies.” Sea turtles and tuna venture in to dine on these creatures and on small luminous night-feeding fish called myctophids, or lanternfish. Of these organisms I would learn much more.

With me manning the galley, we eat well. It’s the doldrums, so there’s plenty of time for cooking and eating and swimming and reading. I still don’t log my visuals of little plastic floaters, although I sketch out a few rough calculations on a notepad. Howard spots a tantalizing glass Japanese fishing float but it’s just beyond our reach. Day 16 is a big one. I hook a hundred-pound big-eye tuna—ahi, the coveted sashimi fish—at eight a.m., when we’re making about 6.5 knots. Landing it entails a fierce struggle that has me running up and down the length of Alguita as I reel it in. It’s our protein ration for the rest of the trip. Ahi day is a red-letter day for me in another respect. At 0530 I pop the spinnaker—a difficult sail to raise—single-handedly for the first time. But after a mere five hours’ deployment, in mild 12- to 15-knot winds, our spinnaker halyard—the nylon line that raises  this useful sail—snaps. We can’t afford not to take advantage of this welcome breeze. I have no choice but to get out the bosun’s chair and let the crew winch me to the top of the sixty-five-foot mast to fix it. It’s no accident I’m a seafarer, not a mountaineer.

We finally run out of fuel in the port tank at one a.m. on day 18. I’m able to transfer fuel from the starboard tank to the port tank, which is where the all-important generator is housed. Around this time, Howard Hall says we need to go into resource conservation mode. Howard knows whereof he speaks. He and his wife sailed a small sloop from California to Hawaii in the days before faxed weather maps and instant communications. En route, a hurricane overtook them, but they came through unscathed, not even realizing what they’d just survived. So now we wash dishes in salt water and stop taking showers. Lisa, the bride, makes a log entry that reads “The wind is excruciatingly light.” On day 19, another log entry says: “No movement at all!” The charts tell us we’ve entered coastal waters, where the chilly, strong southerly California Current should be kicking up stiff breezes. But it seems the El Niño has managed to subdue even these reliable wind patterns. We cut our Waterworld plywood to make a transom on the stern swim step and attach a small gasoline-powered outboard motor borrowed from Alguita’s skiff. This takes us at one knot per hour nearly as far as Santa Cruz Island, northwest of Santa Barbara. We can almost see the California coastline. But we can’t get there. Luck finally breaks our way when I get on the radio and reach another Transpac racer, the Salsipuedes, docked at Santa Barbara. They bring us two five-gallon jerry cans of diesel. For safety’s sake, they toss them in the water near Alguita. I swim out and bring them in like a fuel-can lifeguard. This is day 20. With our ten gallons of diesel, we make  it to Avalon, Catalina Island. The starboard engine is faltering, making it unsafe to maneuver through the lines of moored vessels to the fuel dock. We need to drop anchor and row the dinghy to the fueling station, refill the jerry cans, and row back out to Alguita. We finally reach Long Beach and Alamitos Bay that afternoon.

Back on terra firma, I can’t stop thinking about all those miles and days of plastic. Over the decades we’d gotten used to the sight of trash on the beach, by roadsides, and in riverbeds, of shopping bags fluttering on fences and branches, near-weightless foamed polystyrene cups skittering on the breeze, cigarette butts and bottle caps everywhere.... And for a while they didn’t seem terribly malign. More like annoying evidence of someone’s carelessness, or of gusty weather. But something seemed very wrong about this plastic trash in the mid-Pacific. Of all the places on earth, this one should have been exempt. I probably knew then that plastic is slow to decompose but would not have realized it doesn’t biodegrade in any meaningful time frame. I had yet to learn that man-made polymers—hydrocarbons bonded by heat and chemical reactions—were strong, persistent molecules. A plastic object decays into fragments, then into nanoparticles that might go on polluting for centuries. What might it mean for living organisms encountering these immortal motes? I was well aware that stray plastics pose ingestion and entanglement risks for marine wildlife in coastal areas. Years before, I’d come upon and rescued a brown pelican that I found struggling helplessly near the Long Beach breakwater. It had been pierced and trussed by a hooked length of monofilament fishing line. But I began to wonder if these errant mid-ocean flecks might be interfering with natural processes at the base of the food chain. It would not  have occurred to me at this time, because the science was so new, that these plastic shards could also be toxic.

I searched for the notepad on which, during the voyage, I’d scribbled rough calculations, based on estimates of plastic bits visible from the deck. I saw plastic litter on seven successive days, over about one thousand nautical miles. I figured this soup might cover an area as big as a circle with a thousand-mile diameter. Based on an estimate of half a pound per one hundred square meters, this part of the ocean might contain as much plastic as the two-year total of everything dumped at the United States’ largest landfill at the time, Puente Hills, serving the greater Los Angeles Basin: 6.7 million tons.

Our premature shortcut had ended on a note of drama after nearly three long weeks at sea. Lisa, Howard’s new daughter-in-law had put on ten pounds, to her great distress. I caught a spectacular fish and had a white-knuckle ride to the top of the mast to fix the broken halyard. And I had seen an ocean strewn with plastic confetti. Back home, I would tell the stories of the fuel shortage, the ahi, and the trip up the mast. But those errant bits and pieces of plastic, adrift where they least belonged—in the most remote part of the largest ocean on the planet—wouldn’t leave me alone. The questions kept mounting. Where had they come from? Land? Ships? Fishermen? Despite an international law prohibiting dumping of plastic garbage at sea? Had it come from Asia, the U.S. West Coast? Somewhere else? Where would these wayward morsels wind up? Inside innocent marine creatures? On already polluted beaches, or the ocean floor? Would they hang in eternal suspension in the ocean’s surface waters? Was this plastic soup a fluke, something temporary instigated by the massive El Niño? Would it be found in other oceans? Could these rogue plastics be causing ecological distress? I needed to know.

With support from Algalita’s directors, I start planning a return voyage to the North Pacific High to verify and quantify the presence of plastics there. I didn’t know at the time that this mission would take my life in an entirely new direction. Or that I’d gain a surprising amount of notoriety as the “discoverer” of the Great Pacific Garbage Patch—a term I’ve never really cottoned to, but appreciate for its utility as a “brand.” The patch is not a patch at all, but an immense area larger than all the pumpkin patches on earth. This voyage will acquaint me with new things: scientific controversy, skeptical officialdom, and media glare.

Now I can appreciate the irony. The funds I used to create Algalita and build Alguita came from a trust created by my grandfather, Will J. Reid, president of Hancock Oil Company. Petroleum and natural gas provide raw materials for the synthetic polymers known as plastics. And I think of my father, engaged in and extrapolating from his observations at local dumps. Or gamely offering to clean up Alamitos Bay. And it seems somehow inevitable that I would find myself going back to that polluted place, wanting to unravel the mysteries of its synthetic contents. But also to seek redress for the oceans.



CHAPTER 2

SYNTHETIC EVOLUTION

ON A FALL DAY, I have an out-of-town visitor with a curiosity about plastics and my work. Our journey that day bears recounting, as it seems to encapsulate much about the origins and fate of plastic debris. Here we pause my personal narrative and take up the story of plastic itself.

It starts at Alguita’s slip, where, to my unpracticed visitor’s amazement, I spot a tiny nurdle bobbing near the vessel’s hull. Since they amount to about 10 percent of beached plastic fragments, I am able to find one or several in a minute or two for any interested person. I pluck and pocket it before we hop in my Prius and set out. A few miles away, on a tree-lined side street, we pull up to my old woodworking and upholstery shop—now owned by a former employee and well-stocked with polyurethane foam for cushions. A foam cup lies in the gutter and a polyfilm bag dangles from a nearby garbage can. Introductions made and tour given, we motor on to the organic community  gardens I spearheaded more than fifteen years ago in the aftermath of downtown riots. Both lie behind locked gates, but the crops look well tended and delicious. We’re disappointed to see, at both sites, plastic bags and foam plates and cups blown up against the fences like ersatz autumn leaves. We then hum up the highway that crosses the Los Cerritos Channel and wave to my friend Lenny Arkinstall, hired by the city of Long Beach to manage seaward-drifting debris. He stands on the riverbank, near a power shovel, preparing to scoop up the catch of the day—several thousand square feet of bobbing bottles, jugs, bags, wrappers, cups, straws, balloons, and, no doubt, shoes, sports equipment, and other urban detritus—stopped in its tracks by a net run across the intake to the largest power plant complex west of the Mississippi.

We pull back onto the highway behind a garbage truck. As if on cue, a plastic shopping bag whips up and out of the top of the collection bin and catches the coastal breeze. Our tour is starting to seem like a video game about chasing down plastic trash. Onward we cruise, rubbernecking a couple of plastic-injection and roto-molding operations, and a “bag blowing” plant. The mass production of plastic pellets as feedstock for consumer and industrial plastic products is highly centralized. But those end-use items are often fabricated in smaller shops, called “converters,” which number about 13,500 domestically, down from 16,000 in 2001, according to the U.S. Bureau of Labor Statistics. We park in front of a plant where I’d staged an intervention a few years back. Fluffy plastic shreds and roly-poly nurdles line the edges of the parking area. The shreds are shavings from the finishing process, the nurdles wasted feedstock, both evidence of bad practices. A manager comes to the edge of a loading dock and stares us down like a Marine Corps sergeant. I genially bid him give our best to  the owner, whom I’d had dealings with on matters unrelated to plastic for many years.

We next head over to the Algalita office, where science and administrative staff are wrapping up a meeting. Holly Gray talks about her seabird study. She’s examined the stomach contents of seabird bycatch: birds hooked and drowned by fishermen’s baited longlines. Christiana Boerger is likewise compiling data from a fish-gut study. Both are investigating ingestion, quantifying how much plastic debris is consumed by marine creatures. We walk across the street to the mouth of the San Gabriel River. The river flows into the sea about twelve feet below street level. Down here near the breakwater, huge granite rocks called riprap buttress the riversides. Following a hundred-year rainstorm in 2004, floodwaters from upstream left a massive load of nurdles on this beach. Years later, it still takes only a few minutes to fill our pockets. Then on to the Sea Lab, where able technician Ann Zellers processes samples from our most recent voyage into the gyre.

Like explorers chugging upstream, we continue on, navigating northward in the Prius, toward the mighty petro El Dorado rivaled in the U.S. only by a few Gulf Coast ports. As much as I claim to be a product of my marine environment, I’m also a lifelong denizen of the West Coast, ground zero for much that doesn’t belong in the oceans. Long Beach, my town, neighbors the Port of Los Angeles. Both are nestled behind five miles of breakwater stretching in three sections from the Palos Verdes Peninsula south to the San Gabriel River. In my lifetime, they became the top two container shipping ports in the United States. Combined, they would rank number five in the world, though each by itself would just squeak into the top twenty, distantly trailing mega-ports in China, South Korea, and Europe. To  drive north across the Vincent Thomas Bridge, spanning the narrows that divides the two ports, is to gaze down on a city-sized swath of shipping containers, stacked and quietly waiting a call back to service on rails, trailer rigs, and high seas.

It’s axiomatic: where there is oil there is plastic. By the 1920s, California was the top oil-producing region in the United States. At the time, car ownership and the petrochemical industry were both gestational. Output outstripped demand, so here, Southern California, is where the world’s earliest oil tankers steamed into port empty and left loaded with crude. But those days of export are long gone. Now all the major oil companies have a presence here, and their tankers line up along the coast like jets at LAX, waiting to deliver their carboniferous loads. And a plastics-making infrastructure inevitably sprang up among the refineries.

We pull up to a hangar-sized “nurdle depot,” where polypropylene pellets made at a nearby ARCO plant are processed for shipping. A few years earlier I’d given a well-received talk to employees in the plant’s central control room about the problems caused by plastic debris, especially bottle caps made from their feedstock. The depot is conveniently located on a rail line. Sure enough, we see several container cars parked alongside the plant. Long Slinky-style vacuum tubes connect them to pellet bins inside. In the old days, staff would have carelessly detached these tubes from the boxcars. The result was ever-growing conical heaps of nurdles along the tracks. Years of spillage were economically insignificant to headquarters but significantly polluting to nearby shores. I was gratified on this visit to see collection pans positioned beneath the hose couplings. Judging by how full they were this day, they’d foiled the oceanward odyssey of tens of millions of nurdles, at least, in the past several years. This plant got its act together back in the 1990s when the EPA began cracking down on plastic pellet pollution. But I’ve done remediation work at other plants where personnel were clueless about basic pollution laws. We’ve videotaped places where you couldn’t see the ground for the nurdles, and panned the same shot to storm drains—gaping portals to the Pacific.

“But how are plastics actually made?” asks my guest, who’d read about molecules being cracked and polymerized and had no idea what that really meant. We head over tracks and roads worn rough by endless convoys of semitrucks, toward a fantastic skyline backlit by the afternoon sun, stretching north to south as far as the eye can see. With its gleaming domes, minaret-like towers, and fretwork of pipes and raised walkways, the refineries seem a fever dream of a forbidden city. In fact, they are the beating heart of the American way of life, and a neonatal unit for the plastics industry.

We pull up to a security gate and an armed uniformed guard emerges from a nearby trailer. So we park a ways away and watch, and I recall what my father—married to an oilman’s daughter, my mother—had told me about cracking molecules. It occurs in the towers technically known as distillation. There, individual gases bound up in crude oil (ethylene, propylene, butadiene, among others) ascend and arrange themselves in discrete layers. Then they’re drawn away into the dome-shaped storage structures, later to be polymerized or put to other chemical uses. I ponder plastic’s genealogy, a family tree germinating billions of years ago, with roots twining through first life, its trunk rising through the ancient world and branching through hidden alchemy labs and nineteenth-century kitchens, scaling ivied towers, fruiting in research divisions, seeding store shelves and oceans, always bending to man’s hunger to know, build, discover, decode, compete . . . to solve problems and to get rich. Plastic  flotsam is the end product of an eons-long chain of transformations beginning with the planet’s earliest life-forms in the oceans . . . planktonic creatures and algae living and dying over billions of years, blanketing the sea floor in numbers beyond our ken. The still-settling earth folds over on itself, trapping these vast deposits in pockets, pressure cooking them into viscous black gravy loaded with hydrocarbons. In a sense, our plasticized ocean represents recycling at its most epic, and worst.

Before the internal combustion engine, petroleum, literally “rock oil,” was only marginally useful. In places where petroleum seeped, man found things to do with it. The walls of Jericho were mortared with pitch, ancient Baghdad’s roadways asphalted with it, and Chumash Indians in coastal California used it to seal their canoes. Marco Polo’s thirteenth-century route to China took him through Azerbaijan, south of Russia, where a “fountain” of oil “could fill many boats each day.” (Today, it does.) He helpfully noted that oil was not only “good to burn” but an effective treatment for camel mange.

In the 1830s, Yale chemistry professor Benjamin Silliman was the first American to distill petroleum into clean-burning kerosene. Oil seeps had been a contaminating nuisance to settlers digging water wells. But whale oil prices were rising and new illuminants held commercial promise. An enterprising New York lawyer, George Bissell, got wind of a seep in Titusville, Pennsylvania. In 1859, he commissioned a study from Silliman’s son, Benjamin Jr., also at Yale. Silliman Jr.’s fractional analysis discovered what oil was made of—mostly “organic” hydrocarbon compounds, with a few residual metals. Before his study, Silliman was a promoter of coal oil, another new distillate, and skeptical of rock oil. Afterward, he was bullish on petroleum, but for two uses only: illumination and lubrication of machinery.

Nearly seventy-five years after Benjamin Silliman Jr.’s report, Standard Oil research director Carl O. Johns told a group of chemical engineers: “Petroleum affords a veritable mine of organic compounds.... Who can predict how far reaching both from economic and scientific aspects would be the results of a thorough scientific investigation of this almost ‘virgin field’?” At this time, cars had begun their conquest of American roadways—23 million by the late 1920s—but Johns knew how many petroleum by-products were going to waste.

Now let’s go even further back in time and meet three men who had something in common: December 29 birth dates, making each a tenacious, methodical, ambitious Capricorn. They are Charles Macintosh, a Scot; Charles Goodyear, a Connecticut Yankee; and Alexander Parkes, a Brit.

Macintosh, born in Glasgow in 1766, inherited his father’s bent for applied chemistry, namely fabric dyeing. The more entrepreneurial Charles strayed into other areas, and Glasgow’s new gasworks, which produced coal gas for illumination, caught his attention. Coal-processing by-products included ammonia, which Macintosh used in dyes, but also a tarry residue that was burned off in flares. Scot that he was, Mackintosh wondered if the tar could be put to good use. Thus, he learned to distill oily, volatile naphtha from tar. This solvent, as he already knew, acted on a New World import that was causing great excitement in the Old World: rubber. Derived from several equatorial trees, rubber was first collected during a 1735 French expedition to Peru. Indigenous people had already harnessed its natural elastic properties, making footwear and balls for sport.

As is always the case with breakthroughs, Macintosh proved the right person at the right time. Around 1820—before the national rail system—the British walked, rode horseback, or traveled in carriages, exposed to the isles’ damp and punishing elements. With his deep knowledge of textiles, Macintosh got the idea of softening rubber with naphtha and spreading it in a thin layer between sheets of fabric. The result would be rubberized, waterproof cloth. And it was, but the early product was imperfect. Leaks sprang along stitches, wool oil degraded it, extreme heat made it mushy, and harsh cold embrittled it. And it smelled bad. By 1830, Macintosh had teamed with Thomas Hancock, inventor of a “masticator” that chewed up rubber tailings. The result was a tamer, less smelly rubber that spread smoothly over fabric and became a waterproof brand: Mackintosh.

Charles Goodyear was born in New Haven in 1800, thirty-four years to the day after Macintosh. Goodyear’s hardware store in Philadelphia prospered, then declined, along with his health. Debts landed him in prison, but not before he’d developed something of a rubber fetish. He later wrote of it: “There is probably no other inert substance which so excites the mind.” He wasn’t the only one thus afflicted. A sort of rubber bubble—“rubber fever”—gripped the 1830s. Tons of the material were imported from South America to New York and Boston. But Goodyear ran into the same problems Macintosh encountered: rubber was sticky when warm, brittle when cold, and nasty-smelling. Goodyear vowed he would find a way to solve these problems.

During his detention, Goodyear asked his saintly wife, Clarissa, to bring him rubber samples to handle and study. Using his wife’s rolling pin, Goodyear worked in a talc-like powder, hoping to temper its stickiness. The results were promising. Back home, he, his wife, and their small daughters fashioned the stiffened rubber into rain boots. But summer came and the boots melted. Clarissa’s brother visited, warning Goodyear that his family had suffered enough, and for naught. Rubber was “dead,”  he claimed. Goodyear reportedly replied, “I am the man to bring it back.”

After more trial, error, and a few glimmers of success, Goodyear’s first true breakthrough came through the accidental agency of nitric acid. Goodyear had run out of raw rubber and decided to recycle a boot he’d gilded with bronze. Nitric acid would dissolve the bronze, he thought, leaving clean, raw rubber. Instead, the acid charred and hardened the rubber. He made more boots. Again they wilted. But Goodyear had learned something from rubber’s reaction to the oxidizing sizzle of nitric acid. He teamed with a Massachusetts man, Nathaniel Hayward, who’d compounded raw rubber with sulfur and observed changes. Legend has Goodyear working in his home kitchen and dropping a chunk of sulfurized rubber on the hot stove. The combination of sulfur and heat at last produced a material with all the right properties: moldable, yet stable when cured. It was 1839.

Nature abounds with natural polymers. Bone, horn, shell, hair, fingernails, wood, proteins, even DNA are polymers, meaning made of molecule chains. In natural rubber, the polymers shimmy. That’s what makes rubber bouncy. Unknowingly, Goodyear invented a process that caused the polymers to “cross-link”—to bind to each other three-dimensionally. Meanwhile, back in England, Thomas Hancock, Charles Macintosh, and another associate, William Brockedon (credited with the term “vulcanization”), continued their attempts to coax rubber into a more stable form. They’d gotten their hands on a sample of Goodyear’s solid rubber by 1842, but had they decoded it? Goodyear waited till January 1844 to patent his process in England. Hancock had filed in December 1843. Goodyear traveled to England when Hancock sought to prove he deserved the English patent. In court, Hancock’s side called expert witnesses who testified that Hancock  could not have deduced Goodyear’s process by looking at his sample. Though Goodyear’s American patent stood, his English application was denied and, with it, the wealth that always remained just beyond his grasp.

Curiously, support for Goodyear’s claim was later lent by our third December 29er, Alexander Parkes, born in Birmingham in 1813. Like Goodyear, Parkes began his career working metals. His first patent was an electroplating process for fragile objects. So special was this process that Prince Albert visited Parkes’s metalworks and was delighted to receive a silver-plated spiderweb. Two years after the Hancock-Goodyear patent case, Parkes invented a “cold cure” process for rubber that made vulcanization quicker and cheaper. At Hancock’s urging, Macintosh & Co. bought the patent for five thousand British pounds and quickly saw vast cost benefits. During negotiations, Hancock told Parkes he had analyzed and learned from Goodyear’s sample. Parkes made note of the admission for posterity.

Though the bulk of Parkes’s sixty-plus patents were metal-related, he’s accorded the title “father of plastics.” Parkes began working collodian, a gel that dried as a clear film, made by dissolving natural fibers in nitric acid. Doctors had already adopted it to seal small wounds. His first thought, inspired by his dealings with Macintosh, was to develop a new type of waterproof material by impregnating fabric with collodian. But another enticing challenge lay before him. Billiards, at this time, was all the rage throughout Europe and America. While players of modest means cued up with wood or clay balls, the rich favored ivory, which, like horn, is a natural polymer. But ivory was costly, and the ivory trade had led to a lamentable scarcity—of elephants and ivory.

Aiming to create a man-made billiard ball, Parkes started from scratch, first dissolving cotton and ground wood fibers in nitric  and sulfuric acids. Into this paste he blended aromatic vegetable oils derived from the castor bean and wood—natural naphtha. The result was a translucent dough that could be molded, textured, and colored to simulate ivory and horn. It dried hard and glossy. Parkes realized his new material, dubbed Parkesine, held potential far beyond the billiard table. At London’s 1862 International Exhibition, he won a bronze medal for molded items such as knife handles, pipe stems, and medallions, some resembling metal, others natural materials like shell. Parkes had big plans for Parkesine: brushes, shoe soles, whips, walking sticks, buttons, brooches, buckles, decorative items, umbrellas, countertops, and, of course, gaming balls—items often made from plastic today. Cheaper than leather, rubber, or horn, Parkesine radiated commercial potential. But the Parkesine Company sputtered and failed, reportedly due to Parkes’s cost-cutting use of cheap raw materials. That Parkes’s billiard balls had a tendency to explode was another drawback. Thus, Parkesine proved but an evolutionary step. An associate took over the faltering business and had modest success producing cuffs and collars. But in an era when open flames were part of daily life, he, too, had a problem. His cuffs and collars didn’t merely catch fire but burst into flame. For that matter, rubber processing and plastics factories proved to have the same combustible tendencies.

It was an American who took Parkes’s inventions and transmuted them to lucre. This was John Wesley Hyatt, born in 1837 in upstate New York. Like most nineteenth-century inventors, he was not university trained but instead apprenticed in a trade, in his case printing. His first patent—of 228—was for a home knife sharpener. In the 1860s, the largest U.S. maker of pool tables and equipment, New York–based Phelan & Collender, offered the prodigious reward of $10,000 to the inventor of the  elusive synthetic billiard ball. The game’s popularity at the time was such that one contemporary report claimed professional billiards matches were followed more closely than Civil War battles. Historical accounts differ as to whether Hyatt licensed Parkes’s collodian formula or had even awareness of Parkes or Parkesine. At the time Hyatt took up the challenge, Parkes was setting up his star-crossed factory. But Hyatt claimed ignorance of Parkes’s work in 1914 when he collected applied chemistry’s most coveted award, the Perkin Medal.

In the 1870s and into the next decade, bitter court battles were fought between Hyatt and Parkes’s successor, Spill. While Parkes was credited with the invention of Parkesine, Spill was denied patent rights and soon failed. But Hyatt and his brother, Isaiah, were permitted use of the formula and were wildly successful with their version, dubbed Celluloid by Isaiah. As to the reward, the historical record is murky. Phelan & Collender may have judged Hyatt’s new material too similar to that of Parkes to deserve a prize. In any case, the Hyatts built a factory in Newark that soon caught fire. A new factory in New York added to the product line with denture plates, piano keys, and personal-care items.

Macintosh, Goodyear, Hancock, Parkes, and Hyatt all started with materials found in nature—tree sap, cotton fiber, wood “flour,” and bone
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