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				The living room: I want it to be a soft green. Not as blue-green as a robin’s egg, but not as yellow-green as daffodil buds. Now, the only sample I could get is a little too yellow, but don’t let whoever does it go to the other extreme and get it too blue. It should just be a sort of grayish-yellow-green.

				—Myrna Loy as Muriel Blandings, Mr. Blandings Builds His Dream House (1948)

				scotch gray n, often cap S : a grayish yellow green that is yellower and paler than average sage green or palmetto and greener and duller than mermaid

				—Webster’s Third New International Dictionary of the English Language, Unabridged (1961)

			

		

	
		
			
				Preface
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				When I was hired by Merriam-Webster in 1998, it was ostensibly to revise the Big Book, Webster’s Third New International Dictionary, Unabridged. The Third, or W3 as it’s called in the office, was released in 1961 and it made a splash. A dictionary written for the nuclear age, it’s 2,662 pages of six-point type, ten pounds of knowledge stuffed between two buckram-covered boards, the result of tens of thousands of editorial hours by more than a hundred in-house editors and two hundred outside experts. It’s a nonpareil of twentieth-century American lexicography, notable for its almost scientific, systematic approach to what belongs in a dictionary and how the words inside it should be defined. Every modern American dictionary that you’ve consulted owes something to the Third—even if that something is that the dictionary you’re consulting is not the Third.

				I say “ostensibly” because every editor who had been hired at Merriam-Webster since the mid-1970s had been hired to revise the Third, but no work had been undertaken on a full revision of the beast since its publication. New words had been added by means of an Addenda Section slapped into the front of the book—editing this was, in fact, my first defining job as a lexicographer—but the original A–Z remained relatively untouched. Nonetheless, every editor who crept quietly up the stairs to the editorial floor and took their creaky seat was trained using all the same techniques and style sheets used to write the Third. When you wrote practice definitions, they were graded on the curve of the Third. Not sure whether the usage label for this archaic term for the female genitals should be “dialectal, chiefly England” or “chiefly British dialect”? Lift up thine eyes to the Third. Every other dictionary we wrote, from the mass-market paperback to the Collegiate, owed its existence to the Third. This was done not because we love tradition, or because the Third was such a big deal that we could never deviate from it, but in anticipation of the big day when the stars would align and the market would be ready for another big ol’ buckram-covered computer-monitor stand. When that day came, every lexicographer on staff would have to drop everything and swan dive gracefully into the complexities of the Big Book.

				In 2010, almost fifty years after its initial publication, the stars aligned. We bounced on our toes, took a deep breath, and began the unending work of revising the Third into a new unabridged dictionary.

				That is when my love affair with color began.

				One of the jobs of a lexicographer is to proofread dictionary entries. This task is more than simply reading each word in an entry: Proofreading dictionary entries includes finger stepping your way through each etymology to make sure that the dot underneath that h is supposed to be there and isn’t just fly poop, verifying that the angle brackets which introduced an example sentence were in roman and not accidentally italicized (because even though no one but a professional typesetter would ever notice it, it’s still wrong), and checking that the initial colon which starts that six-point-type definition is in boldface and surrounded by exactly one space on either side—and not an en or em space, either. It is brain-melting tedium on a microscopic scale, and I enjoy it immensely.

				I had been asked to proofread some changes and new additions we had made to entries in the letter B, and make sure that they were being translated properly for the website that housed the new-but-in-progress Unabridged Dictionary. I started at “Beaufort scale” and began plodding my way through the word list, noting whenever an etymological character was rendered incorrectly, a link to a table was broken, or a fat-fingered extra space in the code resulted in a blank page. This is exactly what I had trained for: to be able to spot minute errors in transliterating the Third without needing to study the page.

				The Third has a very distinctive defining style. Dry, impersonal, a little robotic to the point of hilarity. Gone are whimsical, snappy definitions reminiscent of Samuel Johnson, the eighteenth-century lexicographer who famously defined “oats” as “a grain, which in England is generally given to horses, but in Scotland supports the people.” The Third was no-nonsense and all business, full of “the state or condition ofs” and “of, relating to, or characterized bys.” No narrative interest, no silly puns, no personality whatsoever—just exhaustive definitions that look as if they were written by very articulate alien visitors to earth. That is the ultimate goal of every definition in the Third. This is a dictionary that expanded the food-related meaning of “hunger” into three separate definitions, one of which was “an uneasy sensation occasioned normally by the lack of food and resulting directly from stimulation of the sensory nerves of the stomach by the contraction and churning movement of the empty stomach.” This is a dictionary that defined the word “fish stick” as “a stick of fish.”[*1]

				So you will perhaps understand why the entry for “begonia” caught my eye. Two botanical definitions, as expected, with all hyperlinks working and all acute accents in the etymology intact. Then I came to the third definition in the entry:

				3 -s : a deep pink that is bluer, lighter, and stronger than average coral (see coral 3b), bluer than fiesta, and bluer and stronger than sweet william — called also gaiety

				I blinked. I read it again. The definition sure fit the form of a definition for the Third, but it was utter and complete nonsense. Here was a color—“a deep pink”—compared color-wise to a handful of things that I was pretty sure were not colors. “Sweet william” I recognized as the name of a flower, so maybe there was also a color called sweet william that was based on the color of the flower. I googled “sweet william” and the first picture that showed up was of a hedge of flowers that were white, bright magenta, dull purple, middle-of-the-road pink, and even a dusty, blue-tinged lilac. Which of those sweet williams was “sweet william”? This was not an auspicious beginning. “Fiesta” I recognized as a party—mariachi bands and fireworks and piñatas. There is no color associated with a fiesta, apart from maybe all the colors, as befits a party. Maybe this “fiesta” was referring to the original color of Fiestaware, the brightly colored tableware from the 1940s that every grandma in the American West had a set of in the cabinet. But I was still stumped. Being neither from the 1940s nor a grandmother in the American West, I had to default to what I knew: “Fiesta” was a big ol’ party. At least, I reasoned, I recognized “coral” as a color. But what the hell was “average” coral? “Average” implied the middle of a range, but what were the two ends of this particular range? Light and dark? Dull and bright? Orange and purple? Was “average” here referring more to the top of the bell curve—the most common color in a group of very similar colors that we call coral? Are there even enough corals to make a group of colors all called coral? I began wondering if there was “excellent coral,” or “moderately disappointing coral.”

				There’d be an easy way to figure this all out. I whumped open my desk copy of the Third and began looking for the inevitable color chart that would explain the difference between “average coral” and “fiesta.” There is a two-page color plate near the entry for “color” that includes exactly zero color chips named “average coral” or “fiesta.” In fact, it contained no color chips at all: just a picture of the visible spectrum and a weird, multicolor blob from two sides.

				Mine not to reason why, mine but to proofread and die: I clicked on the hyperlink at “see coral 3b” to make sure it worked, and was greeted by this:

				3 : something bright red in color: such as

				a : a bright-reddish ovary (as that of a lobster or scallop); also : the cooked roe of a lobster

				b : a variable color averaging a deep pink that is yellower and duller than fiesta or begonia and yellower and darker than sweet william

				c of textiles : a strong pink that is yellower and stronger than carnation rose, bluer, stronger, and slightly lighter than rose d’Althaea, and lighter, stronger, and slightly yellower than sea pink

				Yes, there’s the mirror of “begonia” in sense[*2] 3b, but what fresh VistaVision glory is sense 3c! No longer words on a page, I was tumbling in and among those color names, bouncing around between sense memory and fantasy, utterly transported. Carnation rose! A close-up of the Carnation evaporated milk can popped to mind, that red-and-white label with the blue lozenge proclaiming that what was inside was “MILK,” and scattered under the red banner, those eponymous flowers, in dark red, white, and what must be carnation rose. Rose d’Althaea! With that floral first name and that surname a jumble of extra vowels and strange capitalization, this is the color named after Scarlett O’Hara’s well-to-do cousin from the French side of the family, the side not mentioned in Gone with the Wind, the cousin who attended cotillion in a silk dress the color of unopened magnolia blossoms and the next year abandoned Dixie and family to marry some damned Yankee.

				But it was “sea pink” that undid me. The utter ridiculousness of it: the “sea,” which I had understood to be a variety of blues, greens, grays, and other assorted not-red colors; and “pink,” that Barbie doll, Pepto-Bismol, Material Girl, definitely not-blue color. Sea pink. I placed my hands very gently on my desk, then mouthed the words “sea pink” to myself and hoped that I could suppress the riptide of laughter which was sucking me—a team player who worked in a silent office—under. “Sea pink,” I mouthed again, and this time the laughter hitched a ride with the s of “sea pink” and seeped out of me until I sounded like a leaky tire bouncing down a road of p’s and k’s.

				The co-worker who sat in the cubicle behind me slammed his newspaper shut and stomped off to find a non-sibilant corner where he could continue to read without listening to me chuckle like a loon. I wanted to stand up and yell after him, by way of explanation, “I grew up fifteen hundred miles from an ocean! I didn’t know the sea was pink!”

				From that day forward, my workday breaks were filled with a Technicolor romp through the Third. Tired of proofreading for a bit, I’d pull up the beta website for the unabridged and wiggle my fingers over the keyboard in invocation. Let’s start at “aqua” this time, I’d say, and then I’d follow all the other colors listed in the definition through the dictionary and learn that “robin’s-egg blue” is two different colors; that “cobalt” wasn’t just blue, but could also be red, yellow, green, or violet; that “mallard” isn’t a color but “duckling” is.

				Part of what was so entrancing about these definitions was that they had a voice. The Third was carefully designed not to have any voice apart from the Corporate One. These color definitions—compared with the staid and rigid style of the rest of the Third—were as flashy as an entire team of cabaret dancers. They were unlike any other color definitions in any of our dictionaries. In fact, they were unlike any other color definitions, period. I had been involved in the creation of dozens of dictionaries at that point and had even written definitions for colors before. The idea was to aim in a spectral direction: “a bright red,” “a moderate blue.” Where in the bluer, yellower, slightly stronger hell had these extensive definitions that referenced “sea pink” and “copen” and thousands of other colors that I, a woman whose job was to read everything within reach and had never heard of before, come from?

				The answers to these questions lay in piles of correspondence moldering in the Merriam-Webster basement; in family papers tucked safely away in archival boxes; in neatly typed notes in corporate archives; in long-out-of-print books; in government documents and reports to and from Congress; in fabric swatches and chemistry equations. Each one of these definitions is the crystalline, whittled-down result of dozens of overlapping concerns: the reach of science in the twentieth century, the commoditization of color, the scientism of American society and the inevitable backlash, the place of dictionaries in our cultural consciousness, the governmental foray into standardization, the insufficiency of language to describe the abstract, the drudgery of typesetting, the impact of war, the dangers of dye works, the power of love, and the ineffability of sea pink.

				Like all good stories, it starts in the middle.

			

			
				Skip Notes

				
					*1 Originally, at any rate. It is now defined a little more sensibly in the online Unabridged Dictionary as “a small, elongated, breaded fillet of fish.” Requiescat in pace, bad definition.

				

				
					*2 Congratulations: You’ve encountered your first bit of dictionary jargon! “Sense” here refers to the numbered definitions inside a dictionary. Impress your boss/friends/pets with your newfound knowledge.

				

			

		

	
		
			Chasing Rainbows
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			It’s human nature to categorize. It’s one of the easiest ways to make sense of the dizzying experience of being on this planet, and it’s proven useful as we have made our way through history. This large furry mammal with the roar and the stripes and the long teeth will kill me, we say, while the smaller version of that furry mammal will merely live in my home and knock things off my shelves while it stares me straight in the face.

			One handy marker we’ve used in categorizing things is color. It’s such an elementary marker that it’s also one of the first categories we teach our children. Panthers are black, pumas are brown, and tigers are? “Orange and black!” our preschoolers holler, and we beam with pride. (We will wait until they are in elementary school before we tell them that tigers can also be white and black, like zebras.) Color is so integral to our experience as humans that we can’t conceive of a world without it. It’s as much a part of our lives as air, water, and taxes. And it is maddeningly, beguilingly slippery.

			Color is so maddening, so beguiling, because what we think we know about color contradicts how we experience it. Rainbows occur only when physical conditions are right—water particles suspended in the atmosphere at the right density, cloud cover broken enough to allow light to reach those water droplets, eyeballs turned skyward to perceive—but try to grab a rainbow, and nothing’s there. Shine a red light at a wall and overlap it with a green light, and you get yellow light; slap some red paint on a wall and overlap it with green paint, and you get mud (assuming the red and green paints are both wet, and that you’re mixing them on the wall well, and that the wall is nonabsorbent, and that the paint is not glossy, and and and). White and black, which we are accustomed to thinking of as not colors, are actually all the colors of the visible spectrum either entirely present and bouncing back at your retinas (white) or entirely absent and being wholly, greedily absorbed (black). We pass our cell phones around and look at a blurry picture of a striped dress that a stranger posted to the internet, and then holler at the one person at dinner who says that they think the dress is blue and black, because oh my God, it’s obviously gold and white, what is wrong with you, are you color-blind?? We are so immersed in color that when someone has even the slightest impairment in the way they see color, we say they are color-blind.

			The science of color is also maddening for the same reason. Color, the physicist tells us, is a trick of light. Certain wavelengths of light from the visible spectrum[*] are reflected, refracted, or absorbed by the things they come into contact with: the ball on the floor, the floor, the wall behind the ball, the particles of dust in the air between you and the ball, the pollutants and water vapor in the atmosphere between the sun and you. Simple. Up pops the biologist to say that it’s not quite that simple, because without the right combination of photoreceptors in the retina, a healthy retina, a solid optic nerve, a clear lens and healthy cornea, yadda yadda yadda—without the complex mechanisms of the human eye, we wouldn’t perceive any of that light as color. And before the physicist can argue, a neurologist peers around the corner to say that color is a sensation generated by our brains to interpret the neural signals from the retina caused by light, and so, really, color can’t happen independent of human cognition. You turn to leave and a psychologist blocks your exit and, as they push you back into the room and the horror-film music begins, tells you that the psychophysical sensation known as color is dependent upon the other color sensations your brain is interpreting at the same time, the language you assign to that sensation, and whether you are synesthetic. But how can you know, you say, voice rising into a shrill, that all of this works the same way in each person? They crowd in and you begin to hyperventilate: Everyone’s brain is different, so how can we know that the blue I see is the blue everyone else sees?

			The room goes dark. No one can see your face turn pale; color is a function of light.
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			People tend not to like things that are so damned slippery, so we try our best to make sense of it, and one way we do that is by putting words to the sensation we’re having right now. We use language all the time to help us make sense of the world: It’s one of those things that’s proved useful. This large furry mammal with the roar and the stripes and the long teeth that will kill me—that I am going to call tiger. The smaller version of that furry mammal, the one that will live in my home and knock things off my shelves while it stares me straight in the face—that one I am going to call kitty. When I use the word “tiger,” you will know to run away; when I use the word “kitty,” you will know to run toward your shelves to save your knickknacks from gravity-induced destruction.

			But language, like color, is also more complicated than we think. Look to your left, where there is suddenly a raccoon. You are startled; you holler, “Oh my God, a raccoon!” The early twentieth-century scholars C. K. Ogden and I. A. Richards pop up from wherever the raccoon came from, freeze-frame this episode, and dissect it into what they call the “triangle of meaning,” a psycholinguistic series of interactions among three things:

			There’s the referent; that’s the raccoon. There’s the thought; that’s the recognition that the thing you just saw was a raccoon. And there’s the symbol; that’s the word “raccoon.” All three of these things exist in relation to each other, kind of like the points of a triangle, but their relationship isn’t equal. There’s a solid line between the thought and the referent: The recognition that the thing you saw is a raccoon is caused by that thing actually being a raccoon. And there’s a solid line between the thought and the symbol: When we think of raccoons, we automatically attach the word “raccoon” to the thought. But there’s a dotted line between the referent and the symbol, because we recognize that the word “raccoon” only represents the critter digging through your trash with its freaky little hands. I could use other symbols for that same referent—the German Waschbär, the Spanish mapache, the taxonomic name Procyon lotor, the ASL sign for “raccoon.” The point is that whatever I use, the word or sign itself is not the actual raccoon, which has left our frame of reference so it no longer has to put up with you shrieking at it or me blathering on about the philosophy of meaning and observation.

			
				
					[image: Illustration showing a triangle with a raccoon at the lower left, a thought bubble containing “Raccoon” at the top, and the word "Raccoon" on the lower right, connected by lines.]
				

				
					A raccoon walks into a bar book and is trapped in C. K. Ogden and I. A. Richards’s triangle of meaning.

				
			
			But the triangle of meaning gets wobbly when we apply it to color. Look out over a river and unhook your brain from the word “river” for a second. Just look at this one spot that is not water, you are not looking at water, and tell me what colors you see: yellow and gray and green and white. Now tell me what color the river is, and you will say “blue,” because water is canonically, unswervingly blue. But why? The river is blue because water is blue. If you have survived high school science, you may start burbling about wavelengths and reflectance and say the color of the sky has something to do with it, I think? Like the rainbow, there’s physical stuff that happens to make water blue. But why, I ask, is a glass of water clear and not blue? And then we both stare back out, moderately dissatisfied, at this big muddy streak of water that is definitely not blue.

			Color is so much a part of our experience that we’ve drawn over the dotted line of Ogden-Richards’s triangle of meaning. Water is blue; oranges are orange; a tree’s leaves are green until they are red. Color is intrinsic to the thing we’re looking at. Plato himself told us that the only two things that an object truly has are form and color, and we all know how smart Plato was! I know that orange is orange as surely as its name is orange.

			Combine these two things together—the hardwired connection between a color sensation and the name we give to that sensation, and the complexities of understanding how the external world, our bodies, and our brains somehow produce this sensation we call blue—and you get a lot of weird claims about color. Did you know, says the person who has read too much internet, that the ancient Greeks couldn’t see blue, because they had no word for blue? Did you know that we didn’t see orange until the fifteenth century when the word “orange” came into English? Have you heard about the Himba people of Namibia, who can’t distinguish between blue and green, because they have only four words for all color? And even as you make a confused face and get ready to make a noncommittal noise of disagreement, you stop. All of these claims seem ridiculous, but it’s color. Color is odd. You were the person who thought the dress was black and blue, after all.

			Everything we currently know about color—and every way that we interact with color, though we never think of it as such—could plausibly be traced back to one point in modern history, which is where our story begins.

			Look to your left, where there is suddenly a war.

		

		
			Skip Notes

			
				* Actually from the full spectrum of electromagnetic radiation, but most people are just interested in the visible spectrum, poor slobs.

			

		

	
		
			Dyeing Kills
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			Color occurs naturally, but most of the color in our modern world is manufactured. Margarine makers, for instance, didn’t just forage prepackaged yellow dye from some mountain meadow. Even if the raw materials for that dye were from a meadow, the colorant itself, in its liquid gold form, was carefully, lovingly synthesized.

			The production of colorants—dyes, in particular—was a global concern. German dye manufacturers reigned supreme prior to the start of World War I. Read any history of the development of synthetic dyes, and apart from a Brit and a handful of French chemists the pages will be lousy with Germans: unsurprising considering that modern chemistry was essentially born in the nineteenth-century German academy.[1] Synthetic dyes were more colorfast, lightfast, and consistent than natural dyes, and the industry boomed. By 1914, 90 percent of the world’s synthetic dyes were produced by German companies.[2]

			Then two shots straight at the heart of the Austro-Hungarian Empire, then a local skirmish or two, and then cataclysm. The once thriving dyestuff industry in Germany found itself in increasingly dire straits as the war progressed. Important chemicals needed for the manufacture of dyes were requisitioned for the creation of pharmaceuticals, and the blockade enforced by Britain threatened the ability to deliver one of Germany’s main commercial exports to neutral nations. The industry was at risk of collapsing—until the physical chemist Fritz Haber, at the behest of the German Supreme Command, managed to take a common by-product of dye manufacture and weaponize it. Fashion, but make it deadly: In 1915, chlorine gas became the first lethal chemical weapon used on the battlefield in World War I, and the German dye industry was the main supplier.[3]

			Dyestuff creation may sound very Ren faire, or like something the Weird Sisters from Macbeth would do in their downtime, but modern synthetic dye manufacture is hardcore chemistry with hardcore chemicals. One early synthetic dye, 2,4,6-trinitrotoluene, yielded a lovely yellow color; we know it today by its shorthand, TNT.[4] Many of the chemical catalysts and intermediates that were used to create commercially popular dyes like sulfur black and crystal violet also made great explosives, as was clear from the conflagrations that would break out with some regularity at dye works. Germany repurposed dye works into munitions plants with very little effort, and though Britain did its level best to choke off Germany’s importation of some of the chemicals used in dyestuffs and explosives, Haber’s discovery was the nail in the coffin. Dyeing killed.

			Over in the still-kind-of-neutral United States, the loss of imported German dyes was a huge economic shock. Dyes, and especially those formerly easily imported high-quality synthetic dyes, were used in everything, from money to fabric, house paint to buttons. When war broke out and it was clear that there’d be no more German dyes for import, America scrambled and bought German dye reserves from China and India, but by 1915 they were gone. It wasn’t just a fashion crisis: One newspaper writer noted in a 1916 column that the dearth of commercial colors affected so many industries that it could cost the American economy $5 billion, or about $1.4 trillion in modern moolah.[5] It was so severe, it even got its own sound-bitable name: the Dye Famine. There was a push to use American dyes and colorants to stave off a deep economic recession—there wasn’t really any other choice—but the cold commercial reality dumped water all over that flag-waving parade. American-made dyes had relied very heavily on chemicals that were synthesized and supplied by the country that had dominated chemistry throughout the nineteenth century: Germany. Without them, the resulting dyes were middling at best,[6] and despite a hardcore propaganda campaign to the contrary, and a call to meet the dye shortage with “a spirit of generous compromise,”[7] people still longed for the vibrancy and colorfastness of the traitorous stuff.

			Once Germany reverted to unrestricted submarine warfare in January 1917 and America stopped pretending to be neutral and joined forces with Britain, we had a whole new reason to worry about what Germany’s dye works were getting up to. Color, it turns out, was tactical, and just like at home color was everywhere. A flare pistol could shoot bright white flares at night to illuminate no-man’s-land and enable riflemen to shoot enemies who might be creeping across it under cover of night, but the same bright white flare was invisible during the day, when flare pistols were used for signaling—what color, then, would be dark enough to show against the haze of the front and still be bright enough to use at night? Gray ships were easily seen in profile against the sky and horizon by U-boat periscopes—was there a better color to paint them to help camouflage them from attack? Thousands and thousands of yards of camouflage covers needed to be dyed a consistent color: Make one batch just a smidge too green, for instance, and that camo cover no longer blends in with the mud of the Somme, but stands out like the proverbial green thumb, signaling to German aircraft just where to aim their guns. Aerial surveillance and reconnaissance, both innovations of the war, required photographs taken through high-quality optical glass (Germany’s domain) with spectrally sensitive film that could pick up troop movement through smoke and haze: Where was that going to come from now?[8] Even chlorine gas itself became problematic in wartime use—not for its lethality, but because it produced a distinctive yellow-greenish cloud when released that was easily detectable by the enemy.[*1]

			Once color became a wartime concern, everything colorful—paints, stains, glass coatings, metal coatings, dyes, enamels—needed to be color coordinated on a national scale. Easier said than done: America lacked Germany’s centralized manufacturing structure since it was a tiny bit larger than Deutschland, and now it also lacked the time, money, and raw materials needed to build such an infrastructure. Paints and stains were heavy and expensive to ship over such long distances, so the industry had favored smaller local paint makers instead of big manufacturers. No centralized manufacturing meant that the government relied heavily on already overburdened paint companies to scale up production exponentially and immediately. Very few places made optical or metal coatings, and rarely in the quantity needed by the government. Dyestuffs manufacturers competed with pharmaceutical companies for the same chemicals: Which industry is the War Department going to prioritize when just as many soldiers were dying of disease as were killed in action? The government mobilized the entire economy to support the war effort: Rationing, war bonds, requisitions, and contracts with every Tom, Dick, Harry & Co. became common within months of America entering the war. If large companies balked at letting Uncle Sam decide what they were making and what the government would pay them for it, they might well have found themselves the subject of antitrust suits brought by the government.

			When freedom itself was on the line, the name of the game was efficiency, and anything that gummed up the works was a national defense crisis. It was suddenly a liability that America didn’t have a centralized and standardized way to describe and create colors. One supplier of dyes for army uniforms, for example, might be running low for any number of reasons—not enough labor, not enough chemical intermediates, sudden plant explosion at the dye works. The government could go to another supplier with a swatch of the dyed fabric they wanted and say that it was olive drab. But that other supplier would have to try to reverse engineer that particular dye—formulas for dyes and colorants were, in spite of being in service to the war effort, still proprietary—and backward engineering color from a finished product is a crapshoot. You have to start by figuring out what color this olive drab actually is.

			Colorimeters, or instruments to accurately measure color, had been developed prior to the war, but the ones that were easiest to use were the most limited,[*2] and the ones that were the most accurate were the fiddliest. Operating these colorimeters required a deft hand, a trained eye, the right light source, reliable equipment—most of which were in short supply during the war. But even a colorimetric measurement of a color doesn’t tell you what chemicals made up the dye that gave you that color. That relied on the chemist’s experience on the bench and off: This sort of chemical synthesis would probably give you a green close to what you’re looking for, but not on short fibers like cotton, unless we tried to use this sort of intermediate chemical, though in this chemical process that intermediate might blow up the plant while we’re making the dye, in which case we may want to consider this other-other chemical process that would…ad infinitum. And once you had a working formula for the color mixture, then what? You still had to synthesize it in a lab; you still had to source the chemicals to make your dyes at scale; you still needed to test how the dye struck the fabric, how it weathered, whether it was going to cause a reaction with the skin of the wearer. This couldn’t be done in a matter of weeks. And this is assuming that the swatch handed to the manufacturer was, in fact, U.S. Army olive drab: Different branches of the military used the color names “khaki” and “olive drab” to refer to different colors throughout the war.[*3]

			The U.S. government needed to keep tabs on all this, and who better but the science nerds at the National Bureau of Standards? The bureau was officially created in 1901 as the first national physical sciences research lab—a bold move, since America had few working scientists within its borders. (Science was mostly an academic discipline in the nineteenth century; if you wanted to actually do the science, Europe was the place to be.) Its mandate was to measure and standardize everything it could, and it was desperately needed: One scientist complained that when dealing with liquid measurements, he had to deal with eight different “standard” gallons,[9] and this in spite of the fact that the U.S. Office of Weights and Measures had been setting standards for, well, weights and measurements since 1836.[10] The early work of the NBS focused primarily on consumer goods, but war changed that as well, and the bureau was quickly called to help fix the issue of national manufacturing unevenness. It had started a running list of all the ways that color was weaponized or problematized during the war; it touched on physics, chemistry, optics, illumination, all fields dominated by Germany, all fields that America would need to make serious headway in to guarantee lasting national peace. The head of the NBS went before Congress in 1916 and asked for the wartime equivalent of a unicorn: an extensive increase in funding so they could investigate all these new technologies and shore up American research. “The items submitted—I think I can say all of them—are as fundamentally concerned with both industrial and military preparedness as any that will come before you,” he said during the hearings.[11] The budget was approved, which meant that a wartime American Congress threw oodles of money at something that, just ten years earlier, had been considered the province of Parisian couturiers and dress-mad socialites: color standards.

			The war was over, but another was just beginning, and butter was the battlefield.

		

		
			Skip Notes

			
				*1 Its replacement, phosgene gas, was much better in this regard: It was colorless. It was also used in the production of industrial dyes.

			

			
				*2 The Lovibond Tintometer was one of these easy-to-use colorimeters. It was developed by a failed gold rusher turned brewer, and it helped measure the color and quality of liquids. Some liquids, anyway. Beer, specifically. Liquid gold—and the Lovibond Tintometer would tell you exactly which shade of liquid gold was the best.

			

			
				*3 Not just the armed forces, it’s worth noting: There are color specifications for everything that the government touched. There was a separate government color specification for the Panama Canal. Not for ships sailing through the canal, or for tagging cargo that went through the canal. No, the color specifications were for the canal itself.

			

		

	
		
			The Yellow Brick Road
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			In 1869, responding to a call for a cheaper butter substitute for the French armed forces, Hippolyte Mège-Mouriès developed a shelf-stable spread derived from beef tallow that he called “oleomargarine.”[*1] Margarine, as it’d eventually come to be called, was vastly cheaper to manufacture than butter, and it was so popular that in the decade following its introduction in the United States in the 1870s, three dozen margarine manufacturers sprang up to meet demand. The American dairy industry promptly had a cow.

			One argument that the dairy farmers (and their congressmen) made was that margarine looked so much like butter that the hapless consumer couldn’t help but be misled, and this would sink an American economic institution. Margarine is naturally not yellow but white; since it was butter-ish, it was dyed to both tempt the buyer and remind them of the thing it was replacing. Never mind that butter itself was also not always yellow, or yellow enough—as any good dairy farmer will tell you, the color of cow’s milk and cream varies depending on what they’re eating—butter was yellow, and yellow was the color of butter. This, at least, was the main assertion under debate during congressional hearings in 1886 on the marketing and sale of margarine. New Hampshire senator Henry Blair (R–Dairy Country) was a particular stickler for the purity of butter yellow/yellow butter: “You may take all the other colors of the rainbow, but let butter have its pre-empted hue.”[1] He thought the butter substitute should be dyed a color that wasn’t butter colored: red, maybe, or black. Professor Charles F. Chandler of Columbia College and head of the New York Board of Health, who had investigated the production of margarine, tried to convince Blair that some colors were not colors that a butter eater would readily spread on their morning toast. When people want to eat margarine, he said, “they want it yellow.” But this was the wrong answer, Blair insisted: If the color of margarine was yellow, then how would people know that what they were buying was not butter? Chandler was unmoved. “It is colored yellow because it is butter, just as much as the other is butter.”[*2][2]

			These hearings led to passage of the Oleomargarine Act, which regulated the advertising and sale of margarine (and, of course, taxed it at a higher rate than butter). The act required only that the packaging make it absolutely clear to the consumer that, no matter what color the toast lubricant inside was, it was not butter. States where dairy was an important part of the economy, like New Hampshire, mandated that margarine be dyed—usually a bright pink, but other colors were suggested, like red, brown, blue, and black. By 1902, thirty states had some sort of color regulation for margarine on the books. Margarine manufacturers fought back: They sold their margarine undyed but included a packet of yellow food coloring so that the housewife could knead it into her margarine, and when the packaging for margarine shifted from wooden crates to cardboard boxes, the cardboard was colored the brightest, creamiest yellow possible.

			And consumers responded as Chandler expected them to. The color of money was suddenly yellow. Housewives would cross state lines to buy margarine that was dyed yellow; dairy states began a counteroffensive campaign to remind people, as one full-page ad in Hoard’s Dairyman magazine hollered, “Yellow Belongs to BUTTER.”[3] It turns out that the association we have between an object and its color is so strong that not even an act of Congress can break it.

			But things can certainly test it. Bad actors have always played on people’s expectations of what color a thing should be to bilk consumers. Pliny the Elder leaned hard into the “Elder” part of his honorific and whined about the charlatans selling inferior pigments as the classical colors of his own antiquity;[*3] whole industries sprang up around sourcing and judging which pigments would give exactly the correct shade of ultramarine, madder, Tyrian purple the artist wanted. But these industries themselves were vulnerable to grift and charlatanry. The congressional Butter Skirmish began not with some flag-waving defense of the spectral purity of butter but with an investigation into food adulteration—a huge problem as more and more of our food came from factories some distance away.

			Not only did the populace have an inherent sense of what color something should be, but they used color as a guide for quality or freshness; oil, cotton, butter, not-butter were all judged based on what color they were compared with what color people thought they should be. This meant that industries that produced large amounts of anything that had a color wanted to find a way to make sure that the color that consumers associated with that thing was the exact color they used in making that thing. Imagine pressing tens of thousands of gallons of grapeseed oil and trying to sell it at market, only to discover that folks thought your batch was rancid because it happened to be just a little yellower than the competition’s. The measurement-obsessed National Bureau of Standards was called in to assist. The earliest years of the NBS had been spent on more pressing fiscal concerns—normalizing railroad gauges, standardizing and measuring electrical currents in household items, and pushing for the uniform management of public utilities. But measurement was measurement, and money didn’t just flow down rails and through electrical lines, so in 1912 the NBS’s Colorimetry Section began developing grading standards based on color for oils (both edible and otherwise) and—yes—both butter and margarine.

			Color standards were head-slappingly simple: cards, chips, or liquids that were the “right” color which manufacturers could hold up against their product and squintingly compare them with. They were not common, but they were not exactly new. In the thirteenth and fourteenth centuries, a proto–color standard emerged in medicine. Called (and I am not joking) urine wheels, these images appeared in manuscripts on health, where they were an important and common diagnostic tool. They were depictions of glass flasks filled with fluids of various colors arranged in a circle, from yellow to pink to green to black; each flask would have a description next to it, usually of the color or range of colors that image was meant to represent, and inside the manuscript itself there was usually a little key that would provide a possible diagnosis. A patient would come in complaining of some sort of problem, and the good doctor would ask the patient for a urine sample and pull out a urine wheel. By comparing the color of a patient’s urine with the diagnostic criteria on their urine wheel, a physician could tell you that orange urine meant you needed to drink more water, pink urine meant lay off the beets, and black urine meant your liver was diseased and you could probably use a good bleeding.[*4]

			Urine wheels weren’t a proper color standard, because the colors used to create them weren’t themselves standardized. Every urine wheel’s samples were slightly different. Paints in the thirteenth century were all handmade, and two artists using the same pigments and the same binders could end up with different colors depending on the preparation of the pigment, the fineness of the pigment’s grind, the proportion of binder or suspension to pigment, the type of brush used, the thing painted upon, and whether the illuminator was pulling a late night and so painting by (dim, yellow) candlelight or decided to take care of it in the (bright, white) morning. Nonetheless, artists throughout the late Middle Ages and the Renaissance still produced color charts with the pigments they had available so that others could both identify the color of things around them and try to represent those things. Color standards became standardized once paints and dyes could be reliably mass-produced in the nineteenth century. This happened to coincide with a big boom in the production of consumer goods, like margarine—which is how the NBS got pulled into the grading business to begin with.

			So how did the NBS decide which color was the ideal color, the color de la color? Scientifically, of course. No eyeballing here—they measured. Using the technology available to them—everything from Maxwell spinning discs, which looked like a multicolor mechanical top on its side that, when spun at high speeds, would cause your eyes and brain to visually blend the colors on that top into one composite color, which could then be matched to a sample, to newer photometers, which measured the strength and wavelength of light reflected from a surface—they studied and recorded the minute variations in color for the thing to be measured, from the highest-quality stuff to samples that were just above garbage. They narrowed the range of “acceptable” color variations from toward the top of the quality scale until they had an ideal color—the average of all the best-quality goods they were measuring. Then they printed those standards under exacting color tolerances and sold them to industry graders (and, for those with moolah, producers). And they were popular. A color standard was the difference between a flush year and bankruptcy.

			Money talks. All sorts of industries began to inquire about all sorts of color standards. Can you do one for evaporated milk? Egg yolks? Red meat? What about teeth, can you give us a color standard for dentures?[*5] Unfortunately, the staffing at the NBS and its sister group, the USDA, couldn’t keep up with color standards and their other work. The color problem was becoming something that couldn’t be dealt with haphazardly, industry by industry, client by client. Even before America embroiled itself in World War I, the scientists at the NBS realized that a system to beat all systems was needed.

			This idea also wasn’t new: Philosophers, gentlemen-scholars, and nineteenth- and twentieth-century scientists had all taken a whack at such a transdisciplinary system. Patrick Syme, a Scottish artist and art teacher best known for his botanical paintings, took an earlier naturalist’s (all prose) system for categorizing minerals by color and translated that across the natural world—using color swatches that he not only named and described by their pigment makeup but also keyed to an analog in the animal, vegetable, and mineral kingdoms. Duck green, then, is “composed of emerald green, with a little indigo blue, much gamboge yellow, and a very little carmine red,” according to Syme; it appears in the neck of the mallard, in the upper disk of yew leaves, and in the mineral ceylonite.[4]

			Syme’s book Werner’s Nomenclature of Colours (named for Abraham Gottlob Werner, the original mineralogist to devise this color ordering system) was a big hit with naturalists. Darwin had it with him aboard the HMS Beagle and used it to describe the colors of the various flora and fauna he ran across; John Richardson used it to describe the zoological specimens collected by the British in colonial America and accurately paint them in The Zoology of the Northern Parts of British America; and Andrew Smith referred to it when compiling his Illustrations of the Zoology of South Africa. It was a commonsense approach to cataloging the 108 colors contained therein and sparked a whole wave of color dictionaries and color standards. Syme was great, but only 108 colors? Everyone interested in color set out to outdo one another. One dictionary of color, written in 1912 by Robert Ridgway, the curator of the Department of Birds at the United States National Museum, clocked in at 53 color plates and 1,115 named color samples. That’s not to say that Ridgway named 1,115 colors for his dictionary: He was, like other dictionary writers, just compiling commonly used names for the reader.[*6]

			It would be easy to think that this is all ego—mine is better—or greed—mine is cheaper—but to someone with a lexicographical
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					[image: Illustration of the Munsell color solid, showing the yellow-green-blue side with a grid structure representing hues, values, and chroma.]
				

				
					
				
			
			
				
					[image: Illustration of the Munsell color solid, displaying the blue-purple-red side with a grid structure and gradient colors transitioning smoothly across its surface.]
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